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IEC 62067 has been prepared by IEC technical committee 20: Electric cables. It is an
International Standard.

This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.
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b) A
clg

c) Thle range of cable metal screen designs and the bending test has been revised)inAlin

IE
d) Rd

e) De
ing

wh
f) Ajg
g) AdQ

pu
h) Te
co

The t¢g

Full information on the voting forits approval can be found in the report on voting indica

the ab

The language used for thedevelopment of this International Standard is English.

This d
accorq
at ww
descri

ull range of fire performance tests is available which can be selected on the basis of

imed cable performance characteristics.

C TR 61901 [1].
quirements are introduced for outdoor termination insulators.

sign and testing requirements for gas immersed terminations (and their sepa
ulating barriers) are coordinated with IEC 62271-209. An additional type test is re
ere the separating insulating barrier is installed by the switchgear' manufacturer.

eparate water penetration test for the cable conductor is required.

voltage testing of the insulation after installation has been revised in line with re
blished CIGRE recommendations.

sts have been added for a change in the type~6f insulating gas used in the
nnection enclosure of a gas immersed termination:

xt of this International Standard is based on\the following documents:

Draft Report on voting

20/2017/FDIS 20/2020/RVD

ove table.

ocument was_drafted in accordance with ISO/IEC Directives, Part 2, and develo

w.iec.ch/fembers_experts/refdocs. The main document types developed by IE
bed in_greater detail at www.iec.ch/standardsdev/publications.

e with

rating
quired

cently

cable

ted in

bed in

ance with \SO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

C are

1

Numbers in square brackets refer to the bibliography.


https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/standardsdev/publications
https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

-10 - IEC 62067:2022 RLV © |IEC 2022

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

contains colours which are considered to be useful for the correct understanding of its

IMPC}RTANT — The "colour inside” Togo on the cover page of this publication indicates thpt it
cont

nts. Users should therefore print this document using a colour printer.
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INTRODUCTION

As a result of major developments in cable systems with extruded insulation for voltages above
150 kV, CIGRE Study Committee (SC) 21 set up Working Group (WG) 21.03 in 1990. The terms
of reference of WG 21.03 were "to prepare recommendations for electrical type tests, sample
and routine tests, based on extending IEC 60840:1988 up to 400 kV and to make proposals for
prequalification/development tests which, as a minimum, should be performed".

WG 21.03 reported that the extension of IEC 60840 [2] to voltages above 150 kV needed extra
consideration because of the following factors:

1) sughtcabtesformpartofthe backbomeof thetramsmissiom systermmand;, therefore; Tetjability
copsiderations are of the highest priority;

2) these cables and their accessories operate with higher electrical stresses than‘cableg up to
15p kV and, as a result, have a smaller safety margin with respect Ao/ the intrinsic
pefformance boundaries of the cable system;

3) sugh cables and accessories have a thicker insulation wall than those“upto 150 kV and, as
a nesult, are subjected to greater thermo-mechanical effects;

4) the design and coordination of the cables and accessories become more difficu|t with
ingreasing system voltage levels.

The rgcommendations of the WG 21.03 were published in Electra No. 151 [3] [4] in December
1993 4nd taken into account by IEC in 1995 in the preparatiohJof this standard for cable sylstems
with extruded insulation for voltages above 150 kV. JEC considered that the new stgndard
should also cover the 500 kV level. Thus, at its meeting'\in September 1996, CIGRE SC P1 set
up a task force 21.18 to study the extension of the jnitial recommendations to the 500 k\ level.
The rd¢sulting updated recommendations were-cited in-Electra No—193-in-December2040-and
thus—vtere-alse taken into account by IEC Technical Committee (TC) 20 in the preparagion of
the firgt edition of this standard.

On the advice of CIGRE, a long term accelerated ageing test was introduced in the first e(dition,
in order to gain some indication of the) long term reliability of a cable system. This test, known
as the|"prequalification test", was to.be performed on the complete system comprising the|cable,
joints pnd terminations in orderto’demonstrate the performance of the system.

In addjition, CIGRE WG 21:09, published recommendations for "tests after installation on high-
voltage extruded insulation cable systems" in Electra No. 173 [5] in August 1997. [These
recommendations (which state, amongst other things, that DC tests should be avoided pn the
main Insulation, as\they are both ineffective and potentially damaging) were also takgn into
accouht in the fitst'edition of this standard.

At its meeting in November 2004, TC 20 concluded that the next revision of IEC 62067 $hould

include. ¢he recommendation for testing of HV and EHV extruded cables that was [under
prepa Atian hy the CIODE ©C DA (nerAvinnialhy, SO 2940 \I\If‘ D4 nc: Thic wnac mada availahl as a

ot v_y e oTO T\ O o D1 \HIUVIUUUI] ooz vy —-RHS—Wasmaae—avatabt

CIGRE Technical Brochure 303 [6] before the meeting of TC 20 in October 2006, which
confirmed this view. Therefore, Technical Brochure 303 has been considered by TC 20 and
major parts have been implemented in this standard. This has resulted in some modifications
to the prequalification test requirements, a major change being the addition of the extension of
the prequalification test. The latter test requires approximately one quarter of the time to
complete when compared with the full prequalification test.

This third edition of IEC 62067 has been produced as part of the normal periodic review and
updating procedures of IEC taking into account progress and developments within the energy
industry.

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 150 kV (U, = 170 kV) UP TO 500 kV (U, = 550 kV) —
TEST METHODS AND REQUIREMENTS

1 Scope

This document Specifies test methods and requirements for power cable systems, cablgs with
extruded insulation and their accessories for fixed installations, for rated voltages above‘150 kV
(Uny =170 kV) up to and including 500 kV (U, = 550 kV).

The rgquirements apply to single-core cables and to their accessories for ysual conditipns of
installption and operation, but not to special cables and their accessories| ‘such as submarine
cableg, for which modifications to the standard tests-may can be necessary or specifl test
conditjons that may need to be devised.

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

2 Normative references

The following documents are referred to in the textin'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 edition of the referenced document (including any
amendments) applies.

NOTE 1The IEC 680811 series is currently umderaoina g revision which will lead to g restructuring of its arts— A
NOTE{The IEC 6081 s-is-currently updergoing-a—revision—which-will-lead-to-arestructuring—of-itsparts—A
B I L L e R s e T L e AL
IEC-60811-100-

IEC 60060-1, High-voltage test'techniques — Part 1: General definitions and test requirefnents
IEC 60060-3, High-voltage test techniques — Part 3: Definitions and requirements for ¢n-site

testing

IEC 60137, Ingtifated bushings for alternating voltages above 1000 V

IEC 60228, Conductors of insulated cables

IEC 60229:2007, Electric cables — Tests on extruded oversheaths with a special protective
function

IEC 60230, Impulse tests on cables and their accessories

IEC 60287-1-1:2008, 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
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IEC 60332-1-3, Tests on electric and optical fibre cables under fire conditions — Part 1-3: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for determination
of flaming droplets/particles

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 60754-3, Test on gases evolved during combustion of materials from cables — Part 3:
Measyrement of low level of halogen content by i1on chromatography Q
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IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 201: General tests — Measurement of insulation thickness

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 A

IEC 60811-403, Electric and optical fibre cables — Test methods for non- metaéég?late"/als
Part 403: Miscellaneous tests — Ozone resistance test on cross-linked compow-tl

IEC 60811-409, Electric and optical fibre cables — Test methods for norm\métallic matetials
Part 409: Miscellaneous tests — Loss of mass test for thermoplastic in%@t:ons and shedths

v
IEC 60811-501:2012, Electric and optical fibre cables — Test met for non-metallic majterials
— Par) 501: Mechanical tests — Tests for determining the mec@gcal properties of insdilation
and sheathing compounds s\\
IEC 60811-501:2012/AMD1:2018 Q

IEC 60811-505, Electric and optical fibre cables — TQS methods for non-metallic matefials —
Part 505: Mechanical tests — Elongation at low te rature for insulations and sheaths

IEC 60811-506, Electric and optical fibre ¢ %’ Test methods for non-metallic matefials —
Part 506: Mechanical tests — Impact test aQ&)W temperature for insulations and sheaths

IEC 60811-507, Electric and optic @ e cables — Test methods for non-metallic matetials —
Part 5p7: Mechanical tests — Hot S, st for cross-linked materials

IEC 6(811-508:2012, ElectrlcC)vd optical fibre cables — Test methods for non-metallic mafterials
— Part|508: Mechanical tests — Pressure test at high temperature for insulations and shejaths
IEC 6081 1-508:2012/A@§2017

Part 509: Mech
shock|test)

O
Cgé

al tests — Tests for resistance of insulations and sheaths to cracking (heat

IEC 6081 1-509,$qgrfc and optical fibre cables — Test methods for non-metallic matefials —

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, Measurement of smoke density of cables burning under defined conditions —
Part 2: Test procedure and requirements

IEC 61462, Composite hollow insulators — Pressurized and unpressurized insulators for use in
electrical equipment with rated voltage greater than 1 000V — Definitions, test methods,
acceptance criteria and design recommendations
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IEC 62155, Hollow pressurized and unpressurized ceramic and glass insulators for use in
electrical equipment with rated voltages greater than 1 000 V

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

3 Terms and definitions

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

IEC alLd ISO maintain terminological databases for use in standardization at the “felfowing
addregses:

e |E(Q 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 often used in tables

Note 1 fo entry: Usually, in this document, nominal values give fise*to values to be checked by measufjements
taking ipto account specified tolerances.

3.1.2
medign value
when [several test results have been obtained and ordered in an increasing (or decre@asing)
succession, middle value if the number of .available values is odd, and mean of the two middle
valueg if the number is even

3.2 |Definitions relating to tests

3.2.1
routine test
test mpde by the manufaeturer on each manufactured component (length of cable or accepsory)
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
completedi.cable or accessory, at a specified frequency, so as to verify that the finished pfoduct
meets|the/specified requirements

3.2.3

type test

test made before supplying, on a general commercial basis, a type of cable system covered by
this document, in order to demonstrate satisfactory performance characteristics to meet the
intended application

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

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

3.2.5

extension of prequalification test
EQ test

test made before supplying, on a general commercial basis, a type of cable system covered by
this dacument in order to demaonstrate aniefar"mry Inng term pprfnrmnn(‘p of the (‘nmplpfp

cable

syster]

3.2.6
electr

n, taking into account an already prequalified cable system

cal test after installation

test made to demonstrate the integrity of the cable system as installed

Note 1
on agre

3.3

3.3.1
cable
cable
systen

3.3.2
nomir
electri

Note 1

Note 2

3.3.3
comb
CD
metal

Note 1

3.3.4

SD

o entry: Integrated optical elements, if present, will be tested upon purchasef request. Tests to be
ement between purchaser and manufacturer.

Other definitions

system
with installed accessories including componentsused for thermo-mechanical restr,
ns limited to those used for terminations and joints only

al electrical stress
Cal stress calculated at U, using nominal dimensions

o entry: The equations for calculatigmyof the stresses are given in Clause 6, item n).

o entry: Electrical stress is expressed in kV/mm.

ned design

screen design that combines radial watertightness and electrical properties

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

defined

Aint of

separrte de'sign

metal screen design that uses different metal components for radial watertightness and

electri

cal properties

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

3.3.5

separate semi-conductive design

SscD

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.
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3.3.6

nominal conductor cross-sectional area
size of the cable conductor in accordance with IEC 60228

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

maxinrumrservice pressture

MSP

higheq
which
operat

3.3.9
cable
cable
electri

3.3.10

a composite hollow insulator is a part) is carrying its rated normal current at ma
ional temperature and the normal outside pressure

accessory with screen or metal sheath interruption
accessory where the metal screen/sheath and insulationGseteen of the cab
cally interrupted

joint with screen or metal sheath interruption

joint
interry

3.3.11

pted

terminpation with an insulated screen

termin|
interrd

4 V

4.1

In this
and a

4.2

This d
1, wh

ation where the metal screen/sheathdand insulation screen of the cable are elec
pted to the ground

pbltage designations, materials and rounding of numbers

Rated voltages

document, the symbols Uy, U and U,, are used to designate the rated voltages of
cessories where'these symbols have the meanings given in IEC 60183 [7].

Cable insulating-materials compounds

ocument applies to cables insulated with one of the-materials compounds listed in
ch{also specifies, for-ecables—with each type of insulating compound, the ma

t difference between the maximum absolute internal pressure, when the eguipmént (of

imum

e are

vhere the metal screen/sheath and insulation{ screen of the cable are elecfrically

rically

cables

Table

imum

opera

Mg conductortemperatures omwhich thespecifredtest conditionsare based:

It is recommended that cable cores with a cross-linked insulation system should have been
degassed.

4.3

Cable metal screens/sheaths

This document applies to the various designs in use. It covers designs providing a radial

watert

In all cases the metal screen/sheath shall be able to meet the screen short circuit rating.

ightness and-ether designs that do not provide radial watertightness.

Designs that provide radial watertightness mainly consist of:

— seamless or longitudinally welded metal sheaths;
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— longitudinally applied metal tapes or foils bonded to the oversheath:

NO,

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
to carry part of the short circuit current;

wires

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;

SscD: a metal screen design using a thin lead or aluminium foil coated with glue on the

outer side and semi-conductive plastic on the underside, over a layer of semi-cond
tape, which is in turn over a layer of round copper wires.

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

uctive

- co
or
(s¢

Du
or
req

and-ofher-designs-such-as Designs which do not provide radial watertightness include:

Ul
- by
NOTE
4.4

Tests
- ST
- ST
- ST

The ¢

and, thermal and fire-constraints performance required during installation and operation,

The 1
oversl

If ther
be pr
Black

mposite screens, involving a-bunch layer of wires and;-in—addition; either a metal\s
p metal tape or foil bonded to the oversheath, acting as a radial water impermgable
e Clause 5),

ring development of the cable and cable system, with a longitudinally applied met:
foil bonded to the oversheath, the tests as specified in IEC [FR 61901 []
ommended.

tal tapes or foils not bonded to the oversheath,

hch a layer of metal wires only.

Hn-all cases the metal screen/sheath should be able to carry the total fault current.
Cable oversheathing-materials compounds

are specified forfour five types of oversheath, as follows:

4 and ST, based on polyvinyl chloride, (PVC);

3 and ST, based on polyethylene\(PE);

1o based on low smoke halpgen free material (LSHF).

noice of the type of oversheath depends on the design of the cable and the mech

haximum conductor temperatures in normal operation for the different typ
eathing-matesials compounds covered by this document are given in Table 2.

b is congern that the oversheath will be deteriorated by UV radiation, the oversheat
btected "against UV radiation, which will be mutually agreed with the purc
PE Oversheaths containing the required amount of a suitable and well-dispersed

heath
parrier

| tape
] are

anical

es of

h shall
haser.
grade

of car

on'black (see Table 5) are protected against UV radiation

NOTE 1

applied

For installation in air as for example in tunnels or buildings, it is preferable for the cable to have some fire
performance and low smoke and halogen free properties. For such applications, an ST,, (LSHF) oversheath can be

NOTE 2 For some applications, the oversheath-may can be covered by a functional layer (e.g. semi-conductive).

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.
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5

Precautions against water penetration in cables

When cable systems are installed in the ground, in-easily-flooded-galleries locations with a risk
of water ingress or corrosion or in water, a radial water impermeable barrier-around-the-cable
is recommended.

NTE 4 : . . . _

Longitudinal water barriers-may can 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[forfongitudimatwater penetratiom s givermim 2515

NOTE |No test for radial water penetration is currently available.

6

Cable characteristics

For the purpose of carrying out the cable system or cable tests describedlin this documept and

recording the results, the cable shall be identified.

The fdllowing characteristics shall be-krewn-or declared by the{manufacturer:

a)

b)

c)

d)

name of manufacturer, type, designation and manufactUring date (date of last production
phpse) or date code;

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

fir¢ performance: if ST, ST, or ST, overshigath material is used (see 4.4 and Table 2),
then the subclauses of 12.5.14.3, if any, to-Which compliance is claimed, shall be deg¢lared;

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

type of conductor, its material and nominal cross-sectional area, in square mm; confductor
copstruction; presence, if any, @nd nature of measures taken to reduce skin gffect;
prgsence, if any, and nature of me€asures taken to achieve longitudinal watertightness{, if the
nominal cross-sectional aréa is not in accordance with IEC 60228, the makximum
D conductor resistance, corrected to 1 km length and to 20 °C—shall-be-declared;

Mgterial compound (as\defined in Table 1) and nominal thickness of insulation (¢,,) (sep 4.2);

type of manufacturing process for insulation system;
pre¢sence, if anyysand nature of watertightness measures in the screening area;
mgtal scregnfsheath:

— | constrUctional details of metal screen/sheath, for example, material and construction of
metal screen,—e-g- number and diameter of wires—{(Fhe—d-c—resistance—of-thetmetal
sefeen shall be declared.): material, construction and nominal thickness of metal sheath,
or longitudinally applied metal tape or foil bonded to the oversheath, if any. For cables
with longitudinal applied metal tape or foil bonded to the oversheath whether the type is
CD or SD or SscD;

— maximum DC resistance of the metal screen/sheath, corrected to 1 km length and to
20 °C;

Material compound (as defined in 4.4 and Table 2) and nominal thickness of oversheath,

and if applicable, nature and material of semi-conductive covering;

nominal diameter of the conductor (d);
nominal overall diameter of the cable (D);
nominal inner diameter (d;;) and calculated nominal outer diameter (D,,) of the insulation;

nominal capacitance, corrected to 1km length, between conductor and metal
screen/sheath;
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n) calculated nominal electrical stress at conductor screen (E;) and at insulation screen (E,):

o 2
e dii ><In(D,0 /dii)

B 2U,
° Dy ><In(Dlo /dii)

where

Uy is the value declared in item b) above in kV;

Dig  =dji+ 2ty

Dy is the calculated nominal outer diameter of the insulation, in mm;

dji is the declared nominal inner diameter of the insulation, in mm;

In is the declared nominal insulation thickness, in mm;
T | Uy isgi in-Table4:
o) thg design of any integrated optical element(s), if applicable.
7 Accessories characteristics
7.1 Gas immersed cable terminations
Gas immersed cable terminations shall be désigned in accordance with IEC 62271-209.
7.2 |Insulators for outdoor cable terminations
Insulafors for outdoor cable terminations shall comply with the requirements given in Taple 11
for Leyel | or Il maximum cantileyer operating load in service (or MML in the case of composite
insulators). Level | refers to 4 npormal load and shall be generally applied, unless a pur¢haser
specifles a heavy load of ‘Level II. Alternatively, a different value of maximum canfilever
operaling load or MML can'be agreed between the purchaser and manufacturer.
7.3 |Accessory ¢haracteristics to be declared
For the purpose\of carrying out the cable system or accessory tests described in this document
and rgcordingsthe results, the accessory shall be identified.
The fdllowing characteristics shall be-knewn-or declared by the manufacturer:

a) cables used for testing accessories shall be correctly identified as in Clause 6;

b) a drawing shall be provided in which all relevant features tested under Annex H are shown,
see Clause H.1;

c)

condueter current carrying connections used within the accessories shall be correctly
identified,~where—applicable for both the conductor and metal screen/sheath, with respect

to:

assembly technique,

lingdi I ing.
»—preparatior-of-contactsurfaces;

type, reference number and any other identification of the connector,

details of the type test approval of the connector if applicable;
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d) accessories to be tested shall be correctly identified with respect to

name of manufacturer,
type, designation and manufacturing date or date code,
rated voltage (see Clause 6, item b)),

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,

ber or

installation instructions (reference and date);
Hitional requirements for gas immersed terminations:
design pressure for the outside of the termination insulator, see IEC 62271-209,

type of insulating gas to be used in the cable connection enclosute.(SFq or det
alternative gas type),

whether or not the termination insulator is suitable for (sypply to the switd
manufacturer, in order to confirm compatibility and performamnce for the installation
switchgear before delivery to site, see IEC 62271-209,

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

Hitional requirements for composite outdoor termgination insulators:
the MML value for the composite insulator,sge 7.2,

for insulators which will be pressurizedqn’service, the MSP value;
ditional requirements for ceramic outdoor termination insulators:
the maximum cantilever operating-tfoad in service,

for insulators which will be pressurized in service, the design pressure.

8 Test conditions

8.1

Unles
ambie

Ambient temperature

5 otherwise specified in the details for the particular test, tests shall be carried ou
ht temperature of (20 £ 15) °C.

hils of

hgear
in the

to be

at an

8.2

High voltage tests

Unless otherwise indicated in this document, high voltage tests shall be carried out in
accordance with IEC 60060-1. All high voltage tests in this document are withstand voltage

tests.

No "atmospheric correction in dry tests" (IEC 60060-1) shall be applied to the test voltage
values specified in this document.
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Waveform of impulse test voltages

8.4

Wherq
value

For c4

detern
given,

pveforms of lightning and switching impulse tests shall be as given in IEC 60280.

Relationship of test voltages to rated voltages

test voltages are specified in this document as multiples of the rated voltage 4, the

pf Uy, for the determination of the test voltages shall be as specified in Table 4.

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

nination of test voltages-may can be the same as for the riearest rated voltage w

nich is

provided that the value of U, for the cable and @ccessory is not higher than the

corregponding value in the table. Otherwise, and particularly if the rated voltage is not cl
one of the values in the table, the value of Uy on whichthe test voltages are based shall

rated |value, i.e. U divided by V3. The associated test voltages shall be establish
calculgtion using the multipliers given in Table 4 dr+interpolation where no multiplier is g

The t
are u

8.5

It is r¢g
actual

8.6

Electr
enclog
The g
compl

pse to
be the

led by
ven.

t voltages in this document are based on the assumption that the cables and accesgsories

ed on a system of category A, as.defined in IEC 60183 [7].

Determination of the cable ¢onductor temperature

commended that one of-the'test methods described in Annex A is used to determi
conductor temperature:

Tests on gas immeérsed terminations

he the

cal tests onlgas immersed terminations shall be carried out in a cable connlection
ure with_the-diameter specified in IEC 62271-209 for the relevant value of rated vgltage.
hs pressure requirements for electrical type tests given in IEC 62271-209 shall ajso be

ed with.

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) partial discharge test (see 9.2);

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.
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The main insulation of prefabricated accessories shall undergo partial discharge (see 9.2) and
voltage (see 9.3) routine tests according to either 1), 2) or 3) below:

1) on the main insulation of prefabricated accessories installed on the 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 a main
insulation component is reproduced.

In cases 2) and 3), the test voltage shall be selected so as to obtain-stresses at least the same
electrical stresses as those on the component in a complete accessory when subjected to the

. .
test vottages—specifredmS2—=amd—9-3-

The insulator of a gas immersed termination shall also be subjected to the routinéA€ests| given
in IEC|62271-209.

Outdopr termination insulators, which will be subjected to internal gas pressuré in service, shall
be subjected to the routine pressure test according to IEC 61462 for cémposite insulatprs, or
IEC 62155 for ceramic insulators. No failure shall occur.

Routine tests do not apply to accessories taped and/or moulded,on-site.

NOTE |The main insulation of prefabricated accessories consists of the components that come in direct contpct with
the cable insulation-ard or are necessary-and-essential to control the-glectrical-field electric stress distributign in the
access¢ry. Examples are pre-moulded or precast elastomer or filled\epoxy resin insulating components that-fray can
be use( 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—gxcept
that gnd the sensitivity as defined in IEC 60885-3 shall be 10 pC or better. Testjng of
accessgories follows the same principlesbut the sensitivity shall be 5 pC or better.

The tg¢st 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 4y:¢olumn 5).

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

9.3 [Voltage test

The vpltagestest shall be made at ambient temperature using an alternating test voltage at
power|frequéency.

The test voltage shall be raised gradually to the specified value which shall then be held for the
specified time between the conductor and metal screen/sheath according to Table 4, column 4.

No breakdown of the insulation shall occur.

9.4 Electrical test on oversheath of the cable

When-the-test-isrequired-by-the particularcontract Subject to agreement between purchaser

and manufacturer, the cable oversheath shall be subjected to the electrical test specified in
Clause 3 of IEC 60229:2007.
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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) below,
may shall be complete drum lengths of cable, taken to represent batches:

a) conductor examination (see 10.4);

b) measurement of electrical resistance of conductor and of metal screen/sheath (see 10.5);
c) measurement of thickness of insulation and oversheath (see 10.6);

d) measutement ofthicknese of matal chaath (caa 10 7))
G Su e et O tHEKHESS-B+Hetat-5SHeathi—( 58— v

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

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

g) megasurement of capacitance (see 10.10);

h) megasurement of density of HDPE insulation (see 10.11);
i) lightning impulse voltage test (see 10.12);

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

k) tegts on components of cables with 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 shalli{be carried out on one length from each
batch [manufacturing series) of the same type and_cross-section of cable but shall be limjted to
not mpre 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
contrdl procedures. In the absence of such an agreement, one test shall be made for coptracts
with al cable length between 4 km*and 20 km and two tests for contracts with longer| cable
lengthps.

10.3 |Repetition of tests

If the $ample from any length selected for the tests fails in any of the tests in Clause 10, further
samples shall be taken from two further lengths of the same batch and subjected to thel same
tests 4s those in which the original sample failed. If both additional samples pass the tesfs, the
other ¢ables in-the~batch from which they were taken shall be regarded as having compligd with
the regquirements of this document. If either fails, this batch of cables shall be regarded as
having failed\to comply.

10.4 TConductor examination

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

10.5 Measurement of electrical resistance of conductor and of metal screen/sheath

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/sheath 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-may can be measured on a sample of conductor or metal
screen/sheath, conditioned for at least 1 h in a temperature-controlled liquid bath.
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The DC resistance of the conductor or metal screen/sheath shall be corrected to a temperature
of 20 °C and a 1 km length in accordance with the formula-and-facters given in IEC 60228:

using the temperature coefficients given in |IEC 60228 for a conductor or metal
screen/sheath of copper or aluminium or

for a metal screen/sheath other than copper or alum|n|um usmg temperature coefficients
y glven in

IEC 60287 1- 1—2996

The corrected DC resistance of the conductor at 20 °C shall not exceed either the appropriate
maximum value specified in IEC 60228 or, when a value for maximum DC conductor resistance
is declared in Clause 6. item d). then the corrected DC resistance of the conductor at 20 °C

shall ot exceed the declared value.

The corrected DC resistance of the metal screen/sheath at 20 °C shall not exceed the declared

value.

10.6 |Measurement of thickness of insulation and-cable oversheath

10.6.1 General

The tgst method shall be in accordance with-Clause-8-6fHEC608844-1-1:1993-and-Amenfdment
4:2004 IEC 60811-201 for the insulation. For the oversheath the\tést method in accordande with
IEC 6(0811-202:2012 and IEC 60811-202:2012/AMD1:2017Cshall be applied, except that for
sheaths where the underlying surface is not irregular th&¢ measurement can be made |with a
micrometer having a ball nose radius of 2,5 mm to 3 mn,/The accuracy of the micrometefr shall

be £0J01 mm.

Each ¢able length selected for the test shall be fépresented by a piece taken from one end after

having discarded, if necessary, any portion that-may can have suffered damage.

In 10.6 the following symbols are used:

t

t

t

10.6.2 Requirements for the insulation

max

min

n

is the maximum measured thickness, in mm;
is the minimum measured thickness, in mm;

is the nominal thickness, in mm.

Thedagwest minifium measured thickness shall not be less than 90 % of the nominal thickness:

tmin = 0,90 ¢,
and additionally:
tmax m <010
tmax ’

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

min
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The thickness of the semi-conducting screens on the conductor and over the insulation shall
not be included in the thickness of the insulation.

10.6.3 Requirements for the cable oversheath
The-lewest minimum measured thickness shall not be less than 85 % of the nominal thickness

by-mere-thanr minus 0,1 mm:

tmin 2 0,85 ¢, - 0,1
where
t, sthenominal-thickhess—in-millimetres-

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

The Igtter requirement does not apply to oversheaths applied onto\@n 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 alumjinium.
Foils which are applied for radial watertightness,purposes only are excluded from these fests.

In 10.7 the following symbols are used:

t is the minimum measured thickhess, in mm;

min
th is the nominal thicknessain mm.
10.7.24 Lead or lead alloy sheath
10.7.21 General
H-thejeablehas—adead-orleadalloy-sheath,—The minimum measured thickness of thepmetal
sheath shall not.be;less than 95 % of the nominal thickness-by-mere-thar minus 0,1 mm

120,957 - 0,1

m|

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

10.7.2.2  Strip method

The measurement shall be made with a micrometer with plane faces of 4 mm to 8 mm diameter.
The accuracy of the micrometer shall be £0,01 mm.

The measurement shall be made on a test piece of-lead 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-lead sheath and not less than 10 mm away from the edge of the flattened
piece to ensure that the minimum thickness is measured.
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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.

The measurements shall be made on a ring of the-lead 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—Plain-erecoerrugated-Coppereraluminitm-sheath

The nfinimum measured thickness of the sheath shall not-fal-belew be less than 90_% |of the
nominpl thickness-by-mere-than minus 0,1 mm for-plain non-corrugated coppefr, of. aluminium
sheath:

tin 2 0,9 1, = 0,1

and npt less than 85 % of the nominal thickness-by-—mere-than mindys 0,1 mm for corrygated
coppef or aluminium sheath:

trin 2 0,85 £, = 0,1

The mleasurements shall be made with a micrometerhaving ball noses of radii about 3 mm. The
accurgcy of the micrometer shall be £0,01 mm.

carefully removed from the-complete cabje: The thickness shall be determined at a sufficient
number of points around the circumferehce of the ring to ensure that the minimum thickrjess is
measured.

The r:leasurements shall be made on a ring of the—aluminium sheath, about 50 mm| wide,
I

10.7.:] Metal tape for CD desigh

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

tmin 2 0,9 1,

The measyrements shall be made with a micrometer having ball noses of radii about 3 mm. The
accurgcy,of'the micrometer shall be £0,01 mm.

The measurements shall be made on a ring of the tape and oversheath, about 50 mm wide,
carefully removed from the cable. The thickness shall be determined at a number of points
around the circumference and on the side ends of the ring to ensure that the minimum thickness
is measured.

10.8 Measurement of diameters

If the purchaser requires that the diameter of the core and/or the overall diameter of the cable
shall be measured, the measurements shall be carried out in accordance with-8-3-efHEC 60844~
1-41993-and-Amendmentt:2004 [EC 60811-203.
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10.9 Hot set test for XLPE and EPR insulations
10.9.1 Procedure

The sampling and test procedure shall be carried out in accordance with-Clause 9-of IEC- 60811~
2-1:-1998 and-Amendment1:2004 |[EC 60811-507, employing 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 considered to be the lowest for the curing process employed.

10.9.2__Requirements

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

10.10 |Measurement of capacitance

The c@pacitance shall be measured between conductor and metal screen/sheath at ambient
temperature, and the ambient temperature shall be recorded with the testdata.

The measured value of the capacitance shall be corrected to a 1 km length and shall not gxceed
the declared nominal value by more than 8 %.

10.11 |Measurement of density of HDPE insulation

10.11]1 Procedure

The density of HDPE shall be measured using:the sampling and test procedure giyen in
GH%E—ME&&MM—%%Q&M—A#@%HM IEC 60811-606.

10.11J2 Requirements

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

10.12|Lightning impulse voltage test

The test shall be performed on a—complete cable at least 10 m in length excluding test
accessories, at a conductor temperature 5K to 10 K above the maximum confductor
tempefature in normal operation.

The agsembly shall be heated by conductor current only, until the cable conductor reachles the
required temperature.

NoTFE-Hf{for practical reasons, the test temperature cannot be reached, additional thermal

insulation-may-can-be-applied—The conductor temperature shall be maintained withinthe stated

temperature limits for at least 2 h.

The lightning impulse voltage shall be applied, according to the procedure given in IEC 60230,
after the completion of the above 2 h heating period and while the conductor temperature is
within the limits stated above.

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

No breakdown of the insulation shall occur.
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10.13 Water penetration test

If applicable, samples shall be taken from the-cemplete cable, the test shall be applied and the
requirements shall be met as described in 12.5.15.

10.14 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
12.5.16.

11 SmeIe tests on accessories

11.1 |Tests on components of accessory

The characteristics of each component shall be verified in accordance with ithe specifigations
of the|accessory manufacturer, either through test reports from the-supglier manufactur¢r of a
given component 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 gutside
the delclared tolerances.

NOTE |As components differ from one-supplier manufacturer te another, it is not possible to define common|sample
tests ol components in this document.

11.2 |Tests on complete accessory

For agcessories 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 sg¢quence in which'these tests are carried out is at the discretion of the manufacturs

—

NOTE |Examples of main‘insulations that are not routine tested are insulations taped and/or moulded on site.

Thesel|tests shall be performed on one accessory of each type per contract if the number pf that
type in the-Contract is above 50.

thlc abhove twa tacte Haun 'F||r+lhnr o
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If the samplefailseithere AP S essofy 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.

+-
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12 Type tests on cable systems

12.1 General

The tests specified in Clause 12 are intended to demonstrate the satisfactory performance of
cable systems.
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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.

A-table-ef The clause or subclause references to be considered during a type test on a cable
system are given in Annex C.

Type tests on gas immersed cable terminations 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
immernsed termination insulator is to be supplied to the switchgear manufacturer, to demonstrate

that tHe termination can meet the switchgear routine and on-site tests.

NOTE |Tests on terminations-referring-te under environmental conditions such as precipitation and/or pollufion 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 thissdocument with other [cross-
sectiohs, rated voltages and constructions provided that all the\following conditions of a)|to-f h)

are met.

NOTE4 Type tests which have been successfully performed according to previous editipns of

this standard are valid if the following conditions arexmet:

a)

b)
c)

d)

e)

g)

Thie voltage group is not higher than that of the tested cable system(s)

NOfFE 2 In-thiscontext,—Cable systems of \the same-rated voltage group are those of| rated
vo[tages having a common value of Ui highest voltage for equipment, and the sanje test

vo[tage levels (see Table 4, columns.1 and 2).

ThE nominal conductor cross-sectional area is not larger than that of the tested cablg.

Th
c

cable and the accessaries have the same or similar constructions as that of the tested
ble system(s).

Q

NofrE3—Cables and aceessories of similar construction are those of the same tyge and
mgnufacturing proCess of insulation and semi-conducting screens. Repetition ¢f the
elgctrical type test$ is not necessary on account of the differences in the condugtor or
cohnector type.or material or of the protective layers applied over the screened cqgres or
over the maininsulation part of the accessory, unless these are likely to have a significant
effect on the'results of the test. In some instances, it-may can be appropriate to repept one
or more of the type tests (e.g. bending test, heating cycle test and/or compatibility tegt).

]

Thiecalculated nominal electrical stress and the impulse voltage stress, calculated| using
nominal dimensions, at the cable conductor screen, do not exceed the respeciive calculated
stresses of the tested cable system(s) by more than 10 %.

The calculated nominal electrical stress and the impulse voltage stress, calculated using
nominal dimensions, at the cable insulation screen, do not exceed the respective calculated
stresses of the tested cable system(s).

The calculated nominal electrical stresses and the impulse voltage stresses, calculated
using nominal dimensions, within the main insulation parts of the accessory and at the cable
and accessory interfaces, do not exceed the respective calculated stresses of the tested
cable system(s).

The same type of gas or gas mixture and pressure is used in the cable connection enclosure
of a gas immersed termination.

NOTE Clause H.6 gives requirements for approval of a gas immersed termination with an alternative type of
gas.
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h) A gas immersed termination has the same separating insulating barrier, stress cone
assembly and cable as are used in the type test, taking into account the relevant allowances
and requirements of a) to g) above.

The type tests on cable components (see 12.5) need not be carried out on samples from cables
of different voltage ratings and/or nominal conductor cross-sectional areas unless 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 can be-reguired mutually agreed with the purchaser 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 typd test certificate signed by the representative of a competent witnessing body, or‘alreport
by thel manufacturer giving the test results and signed by the appropriate qualified officefr, or a
type tést certificate issued by an independent test laboratory, shall be acceptable*as evidence
of typé testing.

12.3 |Summary of type tests

The tylpe 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
specifled in 12.5.

The npn-electrical tests on cable components and-cempléte cable are listed in Tablg 5 to
Table |10, indicating which tests are applicable to each{insulation and oversheath-mpterial
compgund. The tests under fire conditions, as listed~inh Table 10, are only required|if the
manufacturer wishes to claim compliance with these.tests as a special feature of the degign of
the caple.

The tsts listed in 12.4.2 shall be performed on one or more samples of—eemplete cable,

A sufflcient length gf‘eable shall be subjected to the bending test of 12.4.2 a) in order tq allow
construction of a.test assembly for the tests of 12.4.2 c) to g) and the test of 12.4.2 b) where
applicpble.

The partjial discharge test of 12.4.2 a) and the tests in 12.4.2 c) to g) shall be carried ot on a
test apsémbly comprising at least one sample of each accessory type to be testeq. The
accessories shall be installed on a cable such that there is a Tength of at Teast 5 m of free cable
(i.e. excluding that contained within the length of any accessory) between adjacent accessories
and at least 10 m of free cable in total.

The tan 6 measurement of 12.4.2 b) can be carried out using the test assembly described above
or on a separate cable sample taken from the same manufacturing batch. In the latter case, a
bending test is not required on the cable and the test terminations can be different from those
used for the other tests. There shall be at least 10 m of free cable in total. For the tests in 12.4.2
c) to g), accessories shall be installed after the bending test on the cable.

Cables 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 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.

If any joints are included in the cable system to be tested, during tests c) to g) of 12.4.2, it is
necessary to testjtemics them with the outer protectlon f|tted —Lf—rt—ean—be—slwwn—that—the—eu%e#

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

12.4 |Electrical type tests on complete cable systems
12.4.1 Test voltage values

Prior tp the electrical type tests, the insulation thickness of the cable shall beé measured py the
methold specified in-8-4-eof IEC6081414-1-1:1993 and-Amendment+:20047\EC 60811-201 on a
repregentative-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 valug:

If the average thickness of the insulation does not exceed the nominal value by more thah 5 %,
the tegt voltages shall be the values-specified-in—Table-4 détermined according to 8.4 for the
rated yoltage of the cable.

If the pverage thickness of the insulation exceeds the{nominal value by more than 5 % put by
not mpre than 15 %, the test voltage shall be adjusted to give an electrical stress jat the
conduftor screen equal to that applying when thevaverage thickness of the insulation is{equal
to the [nominal value and the test voltages aredhe normal values specified for the rated vpltage
of the|cable.

The cable length used for the electrical type tests shall not have an average insulation thigkness
exceefling the nominal value by more-than 15 %.

12.4.21 Tests and sequencé of tests
The tgsts in items a) to i).shall be made in the following sequence (see also 12.3):

a) bepding test on the cable followed by visual examination, where applicable, (see 12.4.3).
The installation.0f the accessories shall then be carried out by the manufacturer and a partial
didcharge test-carried out at ambient temperature (see 12.4.4);

b) tan 6 measurement (see 12.4.5 and 12.3);

NOIFEA ST his test mayv-be carried outon-adifferent eamnla with-special-test terminations-from-that used-forthe
NOHE=41 HHStestmay } GH aHY Sp HS oA

B
c) heating cycle voltage test (see 12.4.6);

d) partial discharge tests (see 12.4.4):
e at ambient temperature, and
o at high temperature.
The tests shall be carried out after the final cycle of item c) above or, alternatively, after-the
Hghtring-impulse-voltage-testin item f) below;
e) switching impulse voltage test (required for U, 2 300 kV, see 12.4.7.1);
f) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7.2);
g) partial discharge tests, if not previously carried out in item d) above;

h) tests of outer protection forjoints (see Annex G);
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additional tests for accessories (see Annex H);

i) examination of the cable system with cable and accessories on completion of the above
tests (see 12.4.8);

j) resistivity of the cable semi-conducting screens (see 12.4.9) that shall be measured on a
separate sample. No bending test is required on the test sample.

Test voltages shall be determined in accordance with-the-values-given-inthe-appropriate-column

of Tab

12.4.3

The c
at am
sampl

This ¢

The n

—  fon

— for
the

— fon

He-4 ©.4 and adjusted according to 1Z.4.7 1T required.

Bending test

ble sample shall be bent around a test cylinder (for example, the hub{ef/a cable
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-net be-greaterthan:

cables with-plair non-corrugated copper or non-cdrerugated aluminium sheaths:

36 (d + D)+ 5% for single-core cables;

25 (d + D)+5% forsingle-core-cables;

cables with longitudinally applied gnetal tape or foils (overlapped or welded) bon
oversheath:

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

other cables:

20 (d + D) +5 % for single-core cables;

is thesnominal diameter of the conductor, in mm (see Clause 6, item j));

is\the nominal overall diameter of the cable, in mm (see Clause 6, item k)).

drum)
n. The

| sheaths-erwith-longitudinaty—applied

Hed to

is the nominal diameter of the metal screen layer, in mm.

The diameter of the test cylinder is the nominal diameter with a tolerance of 0 % to +5 %.
Smaller bending diameters can 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
Clause G.1 shall be carried out, after completion of the three bending cycles.
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12.4.4 Partial discharge tests

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-perfermed carried out on the assembly
at a cable conductor temperature 5 Kto 10 K above the maximum cable conductor temperature
in normal operation. The assembly shall be heated by conductor current only. The conductor
temperature shall be maintained within the stated temperature limits for at least 2 h befdre the
partiall discharge measurement is carried out.

Fhe-a

NoTE-HIf, for practical reasons, the test temperature cannot be reachéd, additional thermal
insulajion-may can 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
screelj/sheath, or by temperature sensors om~the conductor of another sample of the|same
cable heated 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 conductorit€mperature in normal operation.

NoTeE-HIf, for practical reasons; the test temperature cannot be reached, additional thermal
insulation-may can be applied.

The cpnductor tempgrature 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 tempdrature
specifled above (see Table 4, column 6).

The measured vatue shattmotexceed the vatue givermim 1 abte 3-

12.4.6 Heating cycle voltage test

The cable shall have a U-bend with a diameter not greater than the test cylinder diameter for
the bending test of 12.4.3. The diameter and allowed tolerances shall be as specified in 12.4.3.

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.

NoTE4—If, for practical reasons, the test temperature cannot be reached, additional thermal
insulation-may can be applied.

The heating shall be applied for at least 8 h.
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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 15 K of ambient temperature,
whichever is the higher, but with a maximum of 45 °C. The conductor current during the last 2 h
of each heating period shall be recorded.

If the cable exhibits excessive dielectric loss at the test voltage, this can affect cooling. In
extreme cases this could prevent cooling of the conductor to within the specified temperature
range. This behaviour shall be considered a test failure.

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

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

NOTE 4 Heating cycles with a conductor temperature higher than 10 K above the maximum
condufgtor temperature in normal operation are considered valid.

Interryption of the test is allowed, provided 20 complete heating cycles in total under vpltage
are cqmpleted. Guidance concerning interruption of the test apd the determination of valid
heatinlg cycles is given in Annex J.

12.4.7] Impulse voltage tests
12.4.7.1 Switching impulse voltage test

A switching impulse voltage test shall be carried‘out on the assembly for systems, cablgs and
accessories of voltage U, 2 300 kV.

The agsembly shall be heated by conductor current only, until the cable conductor reaghes a
steady temperature 5 Kto 10 K above the'maximum conductor temperature in normal opefation.

The conductor temperature shallbe maintained within the stated temperature limits for alt least
2 h bdfore the first switching smpulse voltage is applied. The temperature shall be mainfained
within|the above limits until the“test is completed.

NoTE-HIf, for practical-reasons, the test temperature cannot be reached, additional thermal
insulajion-may canbe-applied.

The syitching(impulse voltage shall be applied according to the procedure given in IEC 50230
with sfandard-switching impulse withstand voltage levels according to Table 4, column 1.

The agsembly shall withstand, without failure or flashover, 10 positive and 10 negative violtage
impulses.

12.4.7.2 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 before the first lightning impulse voltage is applied. The temperature shall be maintained
within the above limits until the test is completed.

NoTFE—If, for practical reasons, the test temperature cannot be reached, additional thermal
insulation-may can be applied.
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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 assembly shall withstand without failure or flashover 10 positive and 10 negative voltage
impulses 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
voltage test at 2 U, for 15 min (see Table 4, column 9). At the discretion of the manufacturer,

this test-may can be carried out either during the cooling period or at ambient temperature.

No breakdown 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 accegsories
by dismantling, with normal or corrected vision without magnification, shall reveal no signs of
deteripration (e.g. electrical degradation, leakage, corrosion or harmfukshrinkage) which could
affect|the system in service operation.

Additipnal guidance on the examination of cable and accessoOries is given in informative
Annex .

12.4.8.2 Cables with a longitudinally applied metaMape 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-conductingscreens
12.4.91 General

Measyrement of resistivity of(the' cable semi-conducting screens shall be made on-a-separate
samples from the same manufacturing batch as the cable under test.

insulation shall be determined by measurements on test pieces taken from the core of a slample
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.

The rgsistivity of extruded semi-conducting screens applied over the conductor and o;Fr the

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.

12.4.9.3 Requirements
The resistivity, both before and after ageing, shall not exceed the following values:

— conductor screen: 1000Q - -m;
— insulation screen: 500 Q - m.
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12.5 Non-electrical type tests on cable and on cable components-and-en-complete
zoble

12.5.1 General
The tests are as follows:

a) check of cable construction (see 12.5.2);

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

c) tests for determining the mechanical properties of oversheaths before and after ageing
(Snc 1’7 5 4\

O,

d) agping tests on pieces of-complete cable to check compatibility of materials (see 12.5.5);
e) logs of mass test on PVC oversheaths of type ST, (see 12.5.6);

f) pressure test at high temperature for oversheaths (ST4, ST,, ST,, and STjyY (see 12.5.7);
g) tegts for PVC and LSHF oversheaths (ST4, ST,, and ST,,) at low temperature (see 12.5.8);
h) hept shock test for PVC oversheaths (ST, and ST,) (see 12.5.9);
i) ozpne resistance test for EPR insulation (see 12.5.10);

j) hof set test for EPR and XLPE insulations (see 12.5.11);

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

I) mgasurement of carbon black content for black PE oversheaths (ST; and| STy)
(see 12.5.13);

m) tegt under fire conditions (ST,, ST, and ST,,)\(see 12.5.14);

n) wdter 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).

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, and shall comply with the
requirements given in 10:4,210.6 and 10.7.

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

12.5.3.1 Sampling

Sampling’,and preparatlon of test pleces shaII be carried out in accordance with—B-

IEC 60811- 501 2012/AMD1 2018

12.5.3.2 Ageing treatment

The ageing treatment shall be carried out in accordance with-84-eofEC 680811-1-2:1985 and
Amend-1:-1989 and-Amend-2:2000 |[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 608411414985 IEC 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
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b) any suitable measuring instrument can be used, for example a micrometer.
12.5.3.4 Requirements

The test 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 and
after ageing

12.5.4.1 Sampling

IEC 60811- 501 2012

and IECE

501:2 12/AMD.1 :2018.

12.5.4.2 Ageing treatment

The ageing treatment shall be carried out in accordance with-8-4-eoflE€B80811-1-2:1985 and
Amen1:-1989 and-Amend-2:2000 [EC 60811-401 under the conditiops 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-912- e+ lEC-60841-1-1:-1993 and-Amendment-+2004+4EC'60811-501:2012 and IEC §0811-
501:2012/AMD1:2018, except that:

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

b) any suitable measuring instrument can bgWsed, for example a micrometer.
12.5.4.4 Requirements

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

12.5. Ageing tests-on for'pieces of-complete cable to check compatibility of maferials
12.5.51 General

The ageing test ontpieces of completed cable shall be carried out to check that the insufation,
the extruded semi>conducting-ltayers screens and the oversheath are not liable to detefiorate
excessively in(operation due to contact with other components in the cable.

The tgskis applicable to cables of all types.

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
:2000 |IEC 60811-401,

under the following condltlons

— temperature: (10 £ 2) K above the maximum conductor temperature of the cable in normal
operation (see-Fable-6 Table 1);
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— duration: 7 x 24 h.
12.5.5.4 Mechanical tests

Test pieces of insulation and oversheath from the aged pieces of cable shall be prepared and
subjected to mechanical tests as described in-8-4-4-of lEC 60811-1-2:1985 and Amend-1:-1989
and-Amend-2:2000 IEC 60811-401.

12.5.5.5 Requirements

The variations between the median values of tensile strength and elongation at break after
ageing and the corresponding values obtained without ageing (see 12.5.3 and 12.5.4) shall not
exceefl the values applying to the test after ageing in an air oven given in Table 6 for insulations
and in| Table 7 for oversheaths.

12.5. Loss of mass test on PVC oversheaths of type ST,

ditions

givén n Table 9.

12.5.6.2 Requirements

The rgsults shall comply with the requirements given in\TFable 9.

12.5.7 Pressure test at high temperature on oversheaths

12.5.7.1 Procedure

The ptessure test at high temperature for ST4, ST,, ST; and ST, oversheaths shall be darried
out as|described in IEC 68811-508:2012 and IEC 60811-508:2012/AMD1:2017, except that:

a) either an oven with ratural air circulation or one with fan assisted circulation can befused.
In the latter casg better temperature control is possible, however the test sample shgll not
be|subjectedtovibration, and

b) if the overshieath is solidly bonded to a metal sheath then the oversheath shall pot be
reoveddrom the metal sheath but shall be tested as if the metal sheath were the mgndrel.
Th'F Mmetal sheath shall be supported so that it is not deformed during the test.

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

12.5.7.2 Requirements

The results shall comply with the requirements given in Table 7.
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12.5.8 Test-on for PVC oversheaths (ST¢ and ST3) and LSHF oversheaths (ST,,) at low
temperature

12.5.8.1 Procedure

The test at low temperature for ST1 ST, and ST, oversheaths shall be carried out as described

IEC 60811- 505 and IEC 60811 506 employmg the test temperature glven in TabIe 9.

12.5.8.2 Requirements

of IEC 808111

Table 9.

12.5.9 Heat shock test for PVC oversheaths (ST4 and STj)

12.5.9.1 Procedure

The hgat shock test on ST4 and ST, oversheaths shall be carried out.@s described in{9-2-of
' ' : IEC 60811-5009, the test

tempe ature and durat|on being in accordance with TabIe 9.

12.5.9.2 Requirements

The rgsults of the test shall comply with the requirements. given in-9-2-of{EC606811-3-1:1985
andfrondment 004 and Ammopdiment 222007 Table b,

12.5.10 Ozone resistance test for EPR insulation
12.5.10.1 Procedure

EPR ipsulation shall be tested for resistance to ozone using the sampling and test progedure
descriped in-Clause-8 of I1EC 60811+2-1:-1998 and-Amend-1+:2004 IEC 60811-403. The jozone
conceptration and test duration shall*be in accordance with Table 8.

12.5.1(0.2 Requirements

The rgsults of the test,shall comply with the requirements given in-Clause 8 of |1EC 60844-2-
14998-and-Amend-1:206 Table 8.

12.5.11 Hot set test for EPR and XLPE insulations

EPR gnd XEPE insulations shall be subjected to the hot set test described in 10.9 and shall
comply with/its requirements.

12.5.12 Measurement of density-of for 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 for 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-+1—of EC608114-4-1:2004 |EC 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,
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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
included in the test sample.

12.5.1

3.2 Requirements

The nominal value of the carbon black content shall be (2,5 + 0,5) %.

NOoTE—By agreement between manufacturer and purchaser lower values are allowed for special

applic

12.5.14

12.5.1

The t4g

The t4g

tlons not exposed 1o UV radiation in service. A

Test under fire conditions Q}’

O
4.1 General g\\<</

O
sts in 12.5.14.2 shall be carried out on ST, (LS%Qoversheath material.

sts in 12.5.14.3 shall be carried out in accor\%nce with the fire performance claini

the caple, see Clause 6, item c).

12.5.1

12.5.1

The tqg

The rdg

12.5.1

The v{
F, ClI,

Q)
4.2 Tests on gases evolved dunr@i\bmbustlon of ST,, (LSHF) oversheath

material A\Q

evolved during co&{bustlon

st according to IEC 6064 2 shall be carried out on the oversheath of the cable.

sults shall com&@h the requirements given in Table 10.

4.2.2 Me ement of halogen content of gases evolved during combustion

lue fo oversheath, H;, of the individual halogen content for each of the four ha
Br [, shall be determined by carrying out the test according to IEC 60754-3.

\Q/n

4.2.1 Determination of acu(@l (by pH measurement) and conductivity of gages

ed for

ogens

The values for each of the four individual halogens, H;, and the sum of the values f

or the

oversheath for the four halogens, i.e. } [, shall comply with the requirements given in Table 10.

12.5.1
12.5.1

4.3 Fire performance tests for the cable

4.3.1 Vertical flame propagation test for single cable

The test under fire conditions in accordance with IEC 60332-1-2 shall be carried out on a sample
of completed cable. During the test, the determination of flaming droplets and particles shall be
carried out in accordance with IEC 60332-1-3.

The results for IEC 60332-1-2 shall comply with the requirements given in Table 10 and the
filter paper (IEC 60332-1-3) shall not ignite during the test duration.
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If a failure to meet the requirements of either standard 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.

12.5.14.3.2 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 the requirements of IEC 60332-3-22 [8] or IEC 60332-3-23 [9] can be agreed
between the purchaser and manufacturer. The fire performance level achieved depends on cable design as well as
material performance.

The rgsunts snaft comply wWith the requirements dgiven in Taple TU. A

12.5.14.3.3 Measurement of smoke density of cables burning under definedQ}r{d tions

The tgst for measurement of smoke density of cables burning under defined oQgthtions shall be
carrieql out in accordance with IEC 61034-2 on a sample of completed cag\lé'.[/

e

The rgsults shall comply with the requirements given in Table 10. (]/

12.5.14.3.4 Determination of acidity (by pH measurement)di conductivity of gages
evolved during combustion of the non-meta[{?& aterials in the cable

The tgst according to IEC 60754-2 shall be carried out the non-metallic components|of the
cable.|Non-metallic components with a mass less tha& equal to 1 % of the total non-mjetallic
mass heed not be tested.
N
The weighted values of pH and conductivity of the non-metallic components of the cabl¢ shall
be calculated according to IEC 60754-2 a&&\shall comply with the requirements giyen in
Table [10.
.\@

12.5.14.3.5 Measurement of halq@n content of gases evolved during combustion| of
the non-metallic m.qga ials in the cable
QS

Nl
The wpighted value for the cgﬁ}, H; , for the four halogens F, CI, Br, and I, shall be deterqmined
by carfying out the test a@or’ding to IEC 60754-3 either:

— individually on ea@Qon-metallic component of the cable, and calculating the weighted value
forl the cable, g\each halogen, as described in Annex K, or

— on|asamp QEpresentative of the cable construction prepared as described in Annek K, in
which ca e result for each halogen shall be taken as the weighted value for the dable.

Non-ne\@ﬁé components with a mass less than or equal to 1 % of the total non-metalligQ mass
need maothe tested

The weighted value for the cable, Hi' , for each of the four individual halogens and the sum of
the weighted values for the non-metallic components of the cable for the four halogens, i.e.
ZH{ shall comply with the requirements given in Table 10.

12.5.15 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 in Clause 6, item d) and
Clause 6, item g). The test is designed to meet the requirements for buried cables and is not
intended to apply to cables which are constructed for use as submarine cables.
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The test consists of two parts, one for the complete cable and all its design elements and one
for the 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 for 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) vis

ual examination (see Clause G.1);

b) adhesion strength of the laminated metal tape or foil (see Clause G.2);

c) pe
The a
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bparatus, test procedure and requirements shall be in accordance with Annex.G"

requalification test of the cable system

General and range of prequalification test approval

a PQ test has been successfully performed on a cable”system, it qualifie

5, as long as the calculated nominal electrical stressestat\the cable insulation scre
to or lower than for the tested cable system.

) test shall be performed except:

able systems with the same construction aAd accessories of the same family havd

he manufacturer can demonstrate gogd Service experience with cable systems with

ulation part(s) and in boundaries 'of the accessories and of accessories of the
hily, or

he manufacturer has fulfillgd'the requirements of an equivalent long-term test, on 4
btem at an equal or higher'voltage rating with the same construction and accesso
same family, following a national or purchaser specification.

a prequalified cable system is changed by exchanging a cable and/or accessorn

t prequalification shall be extended with this-erether cable and/or accessory wh
bments\0f/13.3 are all met.

s the
pltage
BN are

been

equal

higher calculated electrical stresse§0n the conductor and insulation screens, in th¢ main

same

cable
ries of

y with
higher

en the
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that is

not p

. or a prequalliiea Ccable system Or IS already predqualiied In anotner cable Sysle

with

lower calculated nominal electrical stresses at the insulation screen of the subjected system,
the PQ test on this new complete cable system shall be performed by meeting all requirements
of 13.2.

NoTE4+—The PQ test need only be carried out once unless there is a substantial change in the
cable system with respect to material, manufacturing process, design or design electrical stress
levels.

NOoTE2 A substantial change is defined as that which might adversely affect the performance
of the cable system. The-supplier manufacturer should provide a detailed case, including test
evidence, if modifications are introduced which are claimed not to constitute a substantial

chang

e.
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NOoTE 3|t is recommended-to-carry-out—a-prequalificationtest-usinga-cable-of that a PQ test

should use a cable with a large conductor cross-section in order to cover thermo-mechanical
aspects.

NoTFE 5—Prequalification tests which have been successfully performed according to the
previous edition of this standard are valid.

A list of PQ tests and EQ tests is given in Annex C.

A PQ pr EQ 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 gfficer,
or a PQ or EQ test certificate issued by an independent test laboratory shall be acceptaple as
eviderjce of PQ or EQ testing. Such a certificate or report shall include details afjthie indopr test
arrandement or outdoor installation and shall specify details of laying conditfions and hgw the
cable pystem was installed.

For a more detailed understanding of the need for a PQ or EQ testsfeference should belmade
to CIQRE TB 303 [6].

13.2 |Prequalification test on complete cable system
13.2.1 Summary of prequalification tests

The P test shall comprise the electrical tests on the.complete cable system with approximately
100 m| of full-sized cable, including at least one of<each type of accessory. The minimum Jength
of freq cable between accessories shall be 10 n¥, The sequence of tests shall be as follows:

a) hepting cycle voltage test (see 13.2.4);
b) lightning impulse voltage test (see 13:2.5);
c) exgmination of the cable systemrafter completion of the tests above (see 13.2.6).

It could be the case that one ormore of the accessories do not fulfil all the requirements|of the
PQ tests in 13.2. After repair of the test assembly the PQ tests-may can be continued pn the
remaining cable system (¢able with the remaining accessories). If all the requirements |of the
tests ih 13.2 are met by this remaining cable system, this remaining system is prequalifiefd. The
accessory or accessgries that did not fulfil the requirements are excluded from this
prequalification.

The test-maycan be continued for prequalification of the cable with the replaced accessofy until
all requirements of 13.2 are met. If the manufacturer decides to include the repaired accé¢ssory

in the|cable system prequalification, the beginning of the PQ test of the complete system is
considered-to start after the rnpqir

13.2.2 Test voltage values

Prior to the PQ test of the cable system, the insulation thickness of the cable shall be measured
and the test voltage values-adjusted determined,-if-recessary; as stated in 8.4 and 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.

The test arrangement shall be representative of the installation design conditions, for example
rigidly fixed, flexible and transition arrangements, underground and in air. In particular, special
attention shall be paid to thermo-mechanical aspects of accessories.


https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

IEC 62067:2022 RLV © IEC 2022 - 45—

Ambient conditions—may can vary between installations and during the test and are not
considered to have any major influence. The temperature limits of 8.1 do not apply.

If the cable system includes sections installed under different conditions (e.g. directly buried
and in an air-filled chamber) then the manufacturer shall select one part of the cable system to
be used for determination of cable conductor temperature. Temperatures shall be determined
at this fixed position for the duration of the test. If a reference cable is used for determination
of conductor temperature (see Annex A) then the reference cable shall be installed in conditions
representative of the cable system under test.

13.2.4 Heating cycle voltage test

The agsembly shall be heated by conductor current only, until the cable conductor reag¢hes a
temperature 0 K to 5 K above the maximum conductor temperature in normah epefation.
Varialjle ambient conditions-may can require adjustment of the conductor current duripg the
test.

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.

The heating shall be applied for at least 8 h. The conductor témperature 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 natural cooling.

NoFE4If, for practical reasons, the test temperature. cannot be reached, additional thermal
insulation-may can be applied.

test period of at least 8 760 h. The cycles-of heating and cooling shall be carried out a} least
180 times. Heating cycles with a condugtor temperature higher than 5 K above the makximum
conduftor temperature in normal operation are considered valid. Up to a maximum of 10 dycles,
in which the period at high temperature is between 1 h and 2 h can also be counted a$ valid
cycleg. At least 180 valid heating_eycles, with applied voltage, shall be completed.

A volt}fe of 1,7 Uy and heating cycles shall be applied to the assembly during the whole|of the

As an fexample, in order torcomply with the above requirements, if the heating cycles are ¢f 24 h
duratipn then 365 cycles\(8 760/24) would be necessary. If cycles are of a longer duratiop then
a redyced number is@ermissible.

Interryption of _the-heating cycles or the test voltage is allowed during the test, however the
required minium number of cycles shall be carried out irrespective of interruptions.

No brefakdown shall occur.

NoTFE2 Partial discharge measurements are recommended, to provide an early warning of
possible degradation and to enable the possibility of a repair before failure.

13.2.5 Lightning impulse voltage test

The test shall be performed on the complete assembly or one or more cable samples, with a
minimum total active length of 30 m, cut from the assembly.—with The cable conductor
temperature shall be 0 Kto 5 K above the maximum conductor temperature in normal operation-
Fhe-conductortemperature and shall be maintained within the stated temperature limits for at
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least 2 h before the first lightning impulse voltage is applied. The temperature shall be
maintained within the above limits while the lightning impulse voltages are applied.

The lightning impulse voltage shall be applied according to the procedure given in IEC 60230,
except that the maximum front time is increased to 8 ps.

The test assembly or cable samples shall withstand without failure 10 positive and 10 negative
voltage impulses of the appropriate value given in-Fable-4,column-8 13.2.2.

13.2.6—Examimation

The examination of the cable system (cable and accessories) and 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 EQ tests shall comprise the electrical part of the tests on the‘complete cable system as
specifled in 13.3.2 and the non-electrical tests on the cable as specified in 12.5-when-thg-cable

. ; : Lification.

For a more detailed understanding of the need for a PQ-eXEQ tests, reference should bel made
to CIQRE TB 303 [6].

13.3.2 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 caple, of
the alfeady prequalified cable system or having minor changes from an already prequalified

design, depending on the number of accessories involved. lhesampl&eﬁh&eablesyster%shau

contaih at least one accessory ofeach hlr\n that need the extension of th tioh—TFhe
cohtaHpat1east 183 CCEeSSORot+each reegthe-exteRsioRo+t HO e

tact av ha norfnrmorl ina laboratory anrl not nece
teStMay—oepe a0 atory f Rrece

Lnsta#arnen—eenm#ens— Theitest shall include at least one accessory of each type that needs the
extengion of the prequalification. The accessories, if any, shall already have been prequalified
on a different cable system (with an insulation screen stress at least as high as the value for
the EQ test) or hadiminor changes from the prequalified design. The test can be performed in
a labofratory apdnot necessarily in a situation simulating the real installation conditions.

ecarll in—a situati tha raal
S } H—a—SHdad tHe—+feaH

oTraTatTtyg

The minimum total cable length shall be 20 m, not including that inside accessorie$. The
minimpmiléngth of cable between accessories shall be 5 m.

A bending test shall be carried out on the cable, according to 12.4.3, before the installation of
the accessories. The same diameter tolerances given in 12.4.3 shall apply.

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.

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.

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 1.
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Key
1 tern
2 cleq
3 join

Fig

ination

t

another joint, designed for rigid as well as’for flexible installation

W@W@M}%ﬁw}w@% j Hi j O O O

With t

ire 1 — Example of EQ test arrangement for the prequalification of a system with

ne exception of the provisions of 13.3.2.27all the tests listed in 13.3.2.3 shall be gpplied

succesgsively to the same sample.-Fhe-accesseories-shall-be-installed-after the bending-teston
Hho—ealsles
The measurement of the resistivity, ofysemi-conducting screens, described in 12.4.9, shall be
made jon a separate sample from.thevsame manufacturing batch of cable.
LU-benHs and measurement af! rasistivity_of cemi-conductina—screens is not reaguiredlif the
U-bends-and-measurement-of resistivity of semi-conducting—screens—is—not-requiredif-the
J; ‘ e otion i e s

13.3.2.2 Test voltage values
Prior tp the electrical EQ tests, the insulation thickness of the cable shall be measured, and the
test voltage values-adjusted determined,-if-necessary; as stated in 8.4 and 12.4.1.
13.3.2.3</,Sequence of the electrical part of the extension of prequalification tests
The-nermal sequence of the electrical part of the EQ tests shall be as follows:

v installation of the

accessories that%pa#e#the%es%s#e#ﬂwe*tensm—e#ﬂ%e—pﬁeqﬂmmeaﬂen shall be carried

out by the manufacturer;

b) partial discharge test at ambient temperature (see 12.4.4)-isapplied-afterthe bending-test,

to

check the installation and the quality of the installed accessories;

c) heating cycle test without voltage (see 13.3.2.4);

d) tan & measurement, if the extension to prequalification is for the cable (see 12.4.5)

NOTE1+—This test-may can 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);
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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 h) below;

g) switching impulse test (required for U,, 2 300 kV, see 12.4.7.1);

h) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7.2);

i) pa

rtial discharge tests, if not previously carried out in item-e f) above;

TE23

S e e e e e e e P s e e e e e e s o L e D b L
adfitional tests for accessories (see Annex H);

k) expmination of the cable-system—with-cable and/or accessories, as appli¢able, sHall be
cafried out after completion of the tests above (see 12.4.8).

b—thgrociothb el comlconduetine coponne Loon 10 Do eball o cono o el o oo copoents
sample:

The tdst voltage values shall be in-accordance with the values given in the appropriate golumn

13.3.2.4 Heating cycle test without voltage

The a
tempe

If, for

5sembly shall be heated by conductor current only, until the cable conductor reag
rature 0 K to 5 K above the maximum conductortemperature in normal operation.

can bg applied.

The h
within
by at

within
condu

the stated temperature limits forat least 2 h of each heating period. This shall be fo
east 16 h of natural cooling t0’ a conductor temperature less than or equal to 30
15 K of ambient temperature, whichever is the higher, but with a maximum of 45 °
ctor current during the last 2 h of each heating period shall be recorded.

NOTE-{Heating cycles mwith a conductor temperature higher than 5 K above the ma

condu

ctor temperaturée in normal operation are considered valid.

The cycle of heating and cooling shall be carried out 60 times.

Interryption of the test is allowed, provided 60 complete heating cycles in total are comy

Guida
given

h¢e concerning interruption of the test and the determination of valid heating cy

hes a

practical reasons, the test temperature cannot be reached, additional thermal insgilation

pating shall be applied for at least-8 h. The conductor temperature shall be maintained

lowed
°C or
C. The

imum

leted.
Cles is

n 1
I'T ATITICA J.

14 Type test on cables

Cables will be type tested as part of a cable system.

15 Type test on accessories

Acces

sories will be type tested as part of a cable system.
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16 Electrical test after installation (on-site tests)

16.1 General

Tests on new installations (on-site tests) are carried out when the installation of the cable
system has been completed. The tests carried out shall be in accordance with IEC 60060-3.

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

For installations where only the oversheath test according to 16.2 is carried out, quality
assurdnce procedures during installation of accessories-may can, by agreement betwegn the
purchaser and-centracter manufacturer, replace the insulation test according to 16.3.

The uge of very low frequency (VLF) and damped AC (DAC) waveforms for on-giteAests gre not
recommended, as further studies of these test methods are required.

16.2 |DC voltage test of the oversheath

e :
Loburopacoeh ool ohooath o motal oo o e the el e electrlcal test after insta
shall he carried out on the oversheath according to IEC 60229:2007.

For the test to be effective, it is necessary that the ground makes good contact with all|of the

outer gurface of the oversheath.-A-conductive-tayeronthe oversheath-canassistinthisrespect-

The tgst cannot be carried out unless the oversheath 'Ras an outer electrode, for examplg moist
backfi|l or a conductive layer.

16.3 |Tests using AC voltage
16.3.1 AC voltage test of the insulation

The AL test voltage to be applied shall be subject to agreement between the purchaser apd the
contrdetor manufacturer.

The waveform shall be substantially sinusoidal and the frequency shall be between 20 Hz and
300 HE.-A-veltage-eitherageording-toTable-4—columntorwith-1-7-Uy-depending-onpractical
operalional-conditions;‘shall-be-appledfor4-h- In particular cases, the minimum frequengy can

be reduced to 10 Hz 'subject to agreement between the purchaser and the manufacturer

A voltage accerding to Table 12, column 4 shall be applied for 1 h, except in cases whefe this
is not practigable, for example, for very long circuit lengths. In such cases the alternative lower
voltage according to Table 12, column 6 shall be applied for 1 h.

Alternatively, a voltage of Uy-may can be applied for 24 h.

NOTE—For installations which have been in use, lower voltages than given in Table 12 and/or
shorter durations-may can be used. Values should be negotiated, taking into account the age,
environment, history of breakdowns and the purpose of carrying out the test.

16.3.2 Partial discharge test

A partial discharge (PD) test under AC voltage is recommended and can be carried out by
agreement between the purchaser and the manufacturer. Distributed PD measurements can be
carried out along the cable route. Typical pass criteria for such measurements are no detectable
PD from the cable system at 1,5 U, or at the test voltage, if lower. When applicable, the test

procedure and pass criteria should be agreed. The PD test can be carried out during the AC
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voltage test of the insulation (at the voltage used for that test) or as a separate test. PD tests
shall not be considered to replace the AC voltage test of the insulation.

Table 1 — Insulating compounds for cables

. Maximum conductor temperature
Insulating compound °c
Normal Short-circuit
operation (maximum duration 5 s)

Low density thermoplastic polyethylene (PE) 70 1302
High density thermoplastic polyethylene (HDPE) 80 1602
Crossinked polyethylene (XLPE) 90 250
Ethylehe-propylene rubberP (EPR) 90 250

2 Fof PE and HDPE, a short-circuit temperatures rise up to 20 °C K in excess of those shown-may ¢an be
acg¢eptable with suitable semi-conducting layers over the conductor and the insulatiomp,and by agrdement
be{ween purchaser and manufacturer.

b Only for cables with rated voltage U, <245 kV.

Table 2 — Oversheathing compounds fof,cables

Oversheathing compound Abbreviated Maximum conductor
designation temperature in normal
operation

°C

Polyvinyl chloride (PVC) ST, 80

ST, 90

Polyethylene (PE) ST, 80

ST, 90

Low smoke halogen free(LSHF) ST, 90

Table 3 — Fan 6 requirements for insulating compounds for cables

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

Maximtm tan & 104 10 10 30 10
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Table 4 — Test voltages

1¢ 2 3 42 52 62 72 82 92 102 +

Rated | Highest | Value of | Voltage | Partial Tan & | Heating |Lightnin | Voltage |Switchin | Voltage

voltage | voltage | U, for test of |discharg|measure| cycle g test after g oot

for determin 9.3 e test of | -ment of | voltage | impulse | impulse | impulse ater
equip- |_ation of 9.2 12.4.5 test of | voltage | voltage | voltage |instala-
ment test and 12.4.6 | test of | test of | test of | tionof
voltages 12.4.4 10.12, |12.4.7.2 | 12.4.71 16.3
12.4.7.2
and
13.2.5
U U... UU Volt-|Dura| 1.5 Uu UU 2 UU 2 UU
ageb -
tionP
kV kV kV kV [min kV kV kV kV kV kV KV

220 tp 245 127 318 30 190 127 254 1 050 254 < 180
230

275 tp 300 160 400 | 30 240 160 320 1 050 320 850 210
287

330 tp 362 190 420 60 285 190 380 1175 380 950 250
345

380 tp 420 220 440 60 330 220 440 1425 440 1 050 260
400
500 550 290 580 | 60 435 290 580 1550 580 1175 320

Subjefct to agreement between purchaser and manufacturer, the yoltage test of 9.3-may can be replaced by|a test

at lower voltage and longer duration, even if the maximum_stress in the insulation is lower than 30 kY/mm.

Howejer, the voltage level shall not be below 1,5 U, and the duration not longer than 10 h.

Test Joltages for the voltage test after installation of 16.3,are given in Table 12.

2 If npcessary, these test voltages shall be adjusted ‘as' stated in 12.4.1.

b A tHreshold limit of 27 kV/mm to 30 kV/mm should not be exceeded for some insulations (as specified by the
supphtier manufacturer), in order to avoid any_possible weakening of the insulation prior to delivery which|might
latef cause a failure in service. At the voltage test of 9.3, for example for a rated voltage 330 kV to 500 k), the
voltage is lowered, combined with a_longer testing time in order to avoid too high stresses. For insulptions
whefre a threshold limit is not a problem; the-suppliermay manufacturer can increase the test voltage and reduce
the festing time. However, the duration should be at least 30 min.

¢ For|rated voltages not listed in column 1, see 8.4.
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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 HEP EPR | XLPE | ST

ST ST ST ST

1 2 3 7 12

Check of cable construction Applicable irrespective of insulation and oversheathing

Water penetration test? materials compounds

Mechanical properties
(Tensile strength and elongation at
break)

a) without ageing X X X X X X X X X
b) after ageing in air oven X X X X X X X X X

c)—aftprageingin-air bomb - - * - - - - 1 -

c) after ageing of the complete cable X X X X X X X X X
(cdmpatibility test)

Pressyre test at high temperature - - - - X X - X X
Behav|our at low temperature
a) cold elongation test - — — - X X — - X
b) cold impact test - - - - X X - — X
Loss gf mass in air oven - - - - — X - - _
Heat shock test - — — - X X — - —
Ozone|resistance test - - X - - - - - _
Hot set test - — % X — — — — _
Measurement of density - X = - - - - - -
Carbof black content® - = - - - - X X -
pH valpe (12.5.14.2.1) - J - - — - _ _ X
Conductivity test (12.5.14.2.1) — - - - - - - — X

Halog¢n content (12.5.14.2.2) - - - - - - - - X

Key
x: thqg test shall be applied
—: thq test shall not bg applied

a8  TelShall be appliedto those designs of cable where the manufacturer claims that barriers to longitudina| water
penetration have been included.

b Fof blackeveérsheaths only.
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Table 6 — Test requirements for mechanical characteristics of

insulating compounds for cables (before and after ageing)

Designation of compound (see 4.2 Table 1) Unit PE HDPE XLPE EPR
Maximum conductor temperature in normal operation °C 70 80 90 90
Without ageing
e
(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
Minimygmretongatiomratbreak % 360 356 266 200
After dgeing in air oven
8-1-ofHEC 60811-1-2)% (IEC 60811-401)
Treatnjent: temperature °C 100 110 135 135
tolerance K 2 +2 13 +3
duration 240 240 168 168
Tensil¢ strength
a) | minimum value after ageing N/mm?2 - - - -
b) | maximum variation®2 % = - +25 +30
Elongdtion at break
a) | minimum value after ageing %o 300 350 - -
b) | maximum variation? % - - 25 +30
Aftor Aaeing in-ai 55 4 2) A P
e e
a) Treptment: temperature °c - - — 127
| tolerance K - - - +=1
——|———duration h - - - 40
Maximpm-variation®-of:
B s B % - - - o
sle e et % - - - o
8 Alldocumentscited-in-this-table refer to-the dated-editions-that-are listed-in-the-normative referencesclpuse.
®@  Variation: difference (befWeen the median value obtained after ageing and the median value obtained Without
ageing, expressedtas.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)

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

Without ageing
(92 of IEC 60811-1-1)7

(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 dgeing in air oven

(810 EC 60811-1-2) (IEC 60811-401)

Treatnjent: temperature °C 100 100 100 140 110
tolerance K 2 +2 2 +2 +2
duration h 168 168 240 240 240
Tensil¢ strength:
a) | minimum value after ageing N/mm?2 | 12,5 12,5 - - 10,0
b) | maximum variation®? % £25 25 - - +30
Elonggtion at break:
a) | minimum value after ageing % 150 150 300 300 300
b) | maximum variation®? % #25 +25 - - -

Pressyre test at high temperature
(82 offHEC 60811-3-1)7

(IEC 6P811-508:2012 and IEC 60811-
508:2(Q12/AMD1:2017)

Test tgmperature °C 80 90 - 110 110
Tolerahce K *2 +2 - *2 +2
Maximpum indentation % 50 50 - 50 50
- Alldocuments cited-in-this-table refer to-the dated editions-that are listed-in-the normative references clpuse.

ba Vafiation: difference between the'median value obtained after ageing and the median value obtained Without
ageing, expressed as a percentage 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

Ozone resistance test

{Clause-8-of HEC-60811-2-1) (IEC 60811-403)

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

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

Hot set test

{Clausp-9oHECHBO8H-2-17 (IEC 60811-507)

Treatmlent: air temperature °C - - 200 250
tolerance K - - +3 +3
time-underload min - - 15 15
mechanical tensile stress N/cm? - - 20 20

Maximpm elongation under load % - = 175 175

Maximpm permanent elongation after cooling % - - 15 15

Densit

{Clausp-8of IEC 60811-1-3)2 (IEC 60811-606)

Minimym density g/cm? - 0,940 - -

a_Al-Hocuments—cited-in-this-tablereferto-the dated-editions-thatgarerlisted-in-the-normative references—clhuse
eHsteaHhtnehormmathvefretrereRcescirgudsSe:
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and LSHF oversheathing for cables

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

Loss of mass in air oven

{8-20f IEC 60811-3-2)% (IEC 60811-409)

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

Maximum permissible loss of mass mg/cm? - 1,5 -

Behavipur at low temperature®?

{Clausp-8-of IEC 60811-1-4)2

Tests o be carried out without previous ageing:

a) Cold elongation test on dumb-bells

(IEIC 60811-505)
test temperature °C -15 -15 -15
tolerance K +2 +2 H2
Refuirement % > 20 =20 = po
b) Cold impact test
(IEfP 60811-506)
test temperature °C -15 -15 -15
tolerance K +2 +2 H2
Repuirement - no cracks no cracks no cfacks

Heat shock test

{9-2-ofHEC-608114-3-1)% (IEC 60811-509)

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

Requirpment no cracks no cracks -

a AH
At

ba pue

to climatic conditions, national standards-may can require the use of a lower or higher test temperat
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Table 10 — Test requirements for fire performance characteristics

of cables with PVC and LSHF oversheaths

Designation of compound (see 4.4) Unit ST, ST, ST,,
Tests on ST,, (LSHF) oversheath material
pH value and conductivity tests (12.5.14.2.1)
(IEC 60754-2)
pH - - - 243
Conductivity | uS/mm - - <10
Halogen content of gases (12.5.14.2.2)
(IEC g0754-3)
Value|for each of the 4 individual halogens (F, CI, Br, I) H, mg/g - - <2
Sum df values for the 4 individual halogens (F, CI, Br, I) > H, mg/g - - <5
Tests|for cable
Verticpl flame propagation test for single cable (12.5.14.3.1)
(IEC §0332-1-2)
Di ta_nce between the lower edge of the top support and the onset of mm > 50 > 50 > 50
chprring
Lover extent of charring below the lower edge of the top support fmm < 540 < 540 K 540
Test for vertical flame spread of vertically-mounted cables (12.5.14.3.2)
(IEC g0332-3-24)
Ugper limit of char above bottom edge of burner m - - < 2,5
Smok¢ density test of cables (12.5.14.3.3)
(IEC g1034-2)
Ndrmalized transmittance (1/15) norm % — - > 60
pH vajue and conductivity tests (12.5.14.3.4)
(IEC g0754-2)
We¢ighted value for the non- pH - - - > 4,3
mgtallic materials in the
cable Conductivity | uS/mm - - <10
Haloggn content of gases evolved during combustion (12.5.14.3.5)
(IEC g0754-3)
Value for each of the 4 individual / <9
Weighted values for nof- halogens (F, Cl, Br, 1) H' mg/g - -
mgtallic materials in the
caple Sum of the values for the 4 individual
mg/g - - <5

halogens (F, Cl, Br, 1) YH;
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Table 11 — Cantilever operating load for insulators for outdoor terminations

Highest.voltage for Rated current
equipment
Un A
kV <800 1000 to 1 600 2 000 to 2 500 >3 150
Maximum cantilever operating load in service and for which the insulator is designed
(= MML for composite insulators)
N
Termination installed < 30° from the vertical
I I | Il | Il | I
> 170 to 245 625 2 000 800 2 000 1250 2 500 2 000 2600
> 300 1250 2 000 1250 2000 1575 2500 2 500 2600
Key
Level | = normal load, Level Il = heavy load
For oufdoor terminations operating at an angle > 30° to the vertical, the effect of ternfination self-load shoujd be
considered when selecting test load and procedure. The values given above correspopd to vertical terminajions
that shall be tested in a vertical position. If a tilted or horizontal termination is to bétested vertically, then gn

equivalent force should be added to achieve the bending moment at the flang€, caused by the weight of thd
terminption in its operating position. If a vertical termination is to be tested Agtizontally, then the test load ¢an be
reducdd in the same manner.

NOTE]| This table is derived from IEC 60137.

Table 12 — Test voltages for AC \oltage test after installation

( 2 3 4 5 6 7
Test voltage for spetial
conditions
Value of U5 Preferred test voltage (when use of the preferrg¢d test
. Itage of column 4 is| not
Highest for. vo i
Rated
vollage volt.age for |deterntination possible, see 16.3.1)
equipment of test Voltage test Voltage test
wdltages after Multiplier after Multiplier
installation of P installation of
16.3 16.3
[/ Ul Uy - - - -

1\ KV kV kV x Uqy kV x Uy
220 fo 230 245 127 216 1,7 180 1.4
275 fo 281 300 160 272 1,7 210 1,

330 fo 845 362 190 323 1,7 250 1,8
380 to 400 420 220 374 1,7 260 1,2
500 550 290 435 1,5 320 1,1

A threshold electrical stress of 27 kV/mm to 30 kV/mm should not be exceeded for some insulations (as specified
by the manufacturer) in order to avoid a possible weakening of the insulation.
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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
access$ to the conductor to enable direct measurement of temperature.

In addition, the conductor temperature should be maintained within a restricted ‘tangq (5 K)
whereps since the ambient temperature-may can vary over a wider range.

Although preliminary calibration on the cable under test or calculations-may can be satisfactory
in the first place, the variation of ambient conditions throughout the duration of the test-m$y can
lead t¢ deviations of the temperature of the conductor outside range.

Therefore, methods should be used in which the conductor temperature can be monitorg¢d and
contraglled 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 the reference cable) should be taken frgm the
same |Jength as the cable used-for the main test loop.

A.2.2 Installation-of cable and temperature sensors

The calibration sheuld be performed on the reference cable which shall have a minimumteable
length] of 5 m<téken—from-the samecable—astested. The length should be such that the
longitddinal heat transfer to the cable ends does not affect the temperature in the centre R m of
cable py more than 2 K.

The TWO temperature Sensors shouldbe attached to the middie of the Teference cabier one on
the conductor (TC,.), and one on the external surface or directly under the external surface

(TCys)-

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 can 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
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sensor(s), the layers that have been removed-may can be put back. This-may can restore the
thermal behaviour of the reference cable.

NoTE—To prove a negligible heat transfer towards the cable ends, the difference between the
readings of TC,, TCyc and TCy 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, measurements being
performed on the hottest cable length (usually the middle length).

Dimensions in millimetres

a

AN S

3
o

/4

IEC

Key
1 current inducing transformers 6 TC,, (conductor)
2 terminations 7 TC,. (conductor)
3 cable under test 8 TC,, (sheath)
4 reference cable (> 5 m) 9 T(“(’ (conductor)
5 current measuring transformers 10 TC, (sheath)

Figure A.1 —TFypieal Schematic diagram of test set-up for
the reference loop and the main test loop
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conductor 5 flexible thermal insulating compound
semi-conducting screens 6 temperature sensor
insulation 7 cable oversheath

Figure A.2 — Example of an arrangement of the temperature sensors

on the conductor of the reference loop
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A.2.3 Calibration method

The calibration should be carried out in a draught-free situation at a temperature of (20 £ 15) °C.

Temperature recorders should be used to measure the conductor, oversheath and ambient
temperatures simultaneously.

The cable should be heated until the conductor temperature, indicated by temperature sensor
TC,. of Figure A.1, has stabilized and reached-thefolowing—temperatures: a temperature
between 5 K and 10 K above the maximum conductor temperature of the cable in normal
operation, as given in Table 1.

When|stabilization has been reached, the following should be noted:
— copductor temperature: average value at-pesitions4-2and-3 sensors TC,, TG,., and TCs,;
— oversheath temperature at position TCg;

— ambient temperature;

— hepting current.

A.3 | Heating for the test

A.3.1 Method 1 — Test using a reference cable

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

The ipstallation of cable and temperaturevsensors for both loops should be as giyen in
Claus¢ A.2.

The tgst arrangement should be such-that:

— the reference cable carries the ;Same current as the main test loop at any time; small qurrent
chpnges are allowed in orderto equalize the surface temperatures on the test cable apd the
reference cable;

— thg¢ reference cable~isrinstalled in such a way that mutual heating effects are takgn into
acgount throughoutthe test.

ating
g

A temperdture sensor (TCy) should be mounted on or under the external surface of thg main
test Igopvat the hottest spot, usually in the middle of-it the length, in the same wWay as

temperature sensor TC,4 is mounied on the hotiest spot of the reference cable io check that
the oversheaths of both loops are at a similar temperature.
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The temperature measured with temperature sensor TC,. on the conductor of the reference
loop can be considered to be representative for the conductor temperature of the energized test

loop.

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

All temperature sensors should be connected to a recorder to enable temperature monitoring.
The heating current of each loop should also be recorded to prove that the two currents are of
the same value throughout the duration of the test. The difference between the heating currents
should be kept within +1 %.

The rgference cable-may can be connected in series with the test cable if the tempera
measuyred via an optical fibre link or equivalent.

A.3.2

A.3.2.

of the surface temperature

1 Calibration of the test cable conductor temperature

ure is

Method 2 — Test using conductor temperature calculations and,measuremient

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

The ¢

ble used for calibration should be-identical-te-thatto-be taken from the same len

the caple used for the main test loop and the way of heating should be identical.

The installation of cable and temperature sensérs for the calibration should be as gi

Claus

2 A.2.

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

A.3.2.

" Test based on measurement of the external temperature

During calibration and during the:test of the main loop, the cable conductor temperature

main

measy

out wi

the same way as for the reference cable.

NOTE

As an altefaative |EC 60287-1-1 mav be used if demonstrated-that-as
AS—aR—aHerRatve, & ZOo-——+—May——>o sec—H-eaemonstratea—thatas

pth as

ven in

of the

test loop should be calculated in accordance with IEC 60853-2 [10], based gn the
red external temperature of the oversheath (TC,). The measurement should be qarried

h a temperature(sensor at the hottest spot, attached to or under the external surface, in

VD
YHpt

e o tirmo.

IEC 6T287-1-1 can be used to determine the asymptotic temperature.

totictransient temper
He—tFahSteRttemperptus

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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Annex B
(normative)

Rounding of numbers

When 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 remairurehanrged{rounding-dewn)-

If the figure in the last place to be retained is followed, before rounding, by 9, 87,6 ¢r 5, it
shall e increased by one (rounding up).

EXAMPLE

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
25,041 8 ~ 25,048 rounded to three decimal places
25,047 8 ~ 25,05 rounded to two decimal place$

25,041 8 ~ 25,0 rounded to one decimal place
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Annex C
(informative)

List of type, prequalification and extension
of prequalification tests-of for cable systems

Type tests-of for cable systems are covered by Clause 12.

Table C.1 gives a summary and references for type testing of cable systems.

PQ tests of cable systems are covered by 13.1 and 13.2.
EQ tepts for the extension of prequalification-tests—of-cable-systems are covered by 13|1 and
13.3.
Table [C.2 gives a summary and references for prequalification testing of these cable sygtems.
Table |C.3 gives a summary and references for the extension of prequalification testing offthese
cable pystems.
Table C.1 — Type tests-on for cable'systems
Item Test Clausep
Cable systems
a General 12.1
b Range of type approval 12.2
c Electrical type tests 12.4
d Test voltage values 12.4.1
e Bending test 12.4.3
Partial discharge test at ambient temperature 12.4.4
f Tan 6 measurement 12.4.5
g Heating cycle voltage.test 12.4.6
Partial discharge.test at ambient and at high temperatures (after final cycle in 12.4.4
item g aboye ‘ar/after lightning impulse voltage test in item j below)
i Switching impulse voltage test 12.4.7.
j Lightning impulse voltage test followed by power frequency voltage test 12.4.7.2
k Partial discharge tests at ambient temperature and at high temperature (if not 12.4.4
carried out after item-h g above)
3 Teslts ofouler protection ofjomnts Annex-G
| Additional tests for accessories Annex H
m Examination 12.4.8
n Resistivity of semi-conducting screens 12.4.9
o Non-electrical type tests-on for cable components and on completed cable 12.5
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Table C.2 - PQ tests on cable systems

Item Test Clauses
Cable systems

a General and range of PQ test approval 131

b PQ test on complete cable system 13.2

c Summary of PQ tests 13.2.1
d Test voltage values 13.2.2
e Test arrangement 13.2.3
f HeatimgTycte vottagetest t324
g Lightning impulse voltage test 13.2.5
h Examination 13.2.6

Table C.3 — EQ tests on cable systems

Item Test Clausep
Cable systems

a General and range of prequalification test approval 13.1

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

c Electrical part of the extension of prequalification tests @n)complete cable 13.3.2
system

d Test voltage values 13.3.2.2

e Bending test without partial discharge test 12.4.3

f Partial discharge test at ambient temperature after installation of the accessories 12.4.4
that are part of the test

g Heating cycle-veltage test without veltage 13.3.2.4

h Tan 6 measurement 12.4.5

i Heating cycle voltage test 12.4.6

j Partial discharge test at ambient and high temperatures (after final cycle in item i 12.4.4
above or after lightning impulse voltage test in item | below)

k Switching impulse yoltage test 12.4.7.

| Lightning impulse voltage test followed by power frequency voltage test 12.4.7.2

m Partial discharge test at high temperature (if not carried out after item i above) 12.4.4

A Tests-of outer protection-of joints Annex-G

n Additional tests for accessories Annex It

o Examination 12.4.8

p Resistivity of semi-conducting screens 12.4.9

q Non-electrical type tests on cable components and on completed cable 12.5
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Annex D
(normative)

Measurement method for resistivity
of semi-conducting screens

Each test piece shall be prepared from a 150 mm sample of-complete 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-B-4a Figure D.1).

The mFM@sﬁWbemredWmW‘ﬁmmWample
of cor¢ (see-Figure-D-1b Figure D.2).

The procedure for determining the volume resistivity of the screens shall be as-follows.

Four $
Figure
and C
least 2

Conngctions shall be made to the electrodes by means of suitablé clips. In making conng

to the
insula

The agsembly shall be placed in an oven preheated:to the specified temperature and, a

ilver-painted electrodes A, B, C and D (see-FiguresB-ta—and-B-46 Figure DJ1 and

D.2) shall be applied to the semi-conducting surfaces. The two.patential electrogles, B
shall be 50 mm apart and the two current electrodes, A and Dy'shall be each placed at

5 mm beyond the potential electrodes.

conductor screen electrodes, it shall be ensured that'the clips are insulated frg
ion screen on the outer surface of the test sample:

ctions

m the

ter an

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

of a circuit, the power of which shall not exceed100 mW.

After
screel|

he electrical measurements, the diameters over the conductor screen and insiilation

and the thicknesses of the conductor screen and insulation screen shall be mea

sured

at ampient temperature, each being(the average of six measurements made on the sample

showr

The volume resistivity p in ohm’metres shall be calculated as follows:

a) copductor screen:

in-Figure-B-4b Figure D.2.

Re xmx(Dg —Tg )< Ty,

Pe = 21,
where!
P 1S the volume rpqiqti\/ity’ in ahm metres (0 . m);
R. is the measured resistance, in ohms (Q);
L, s the distance between potential electrodes, in metres (m);
D is the diameter over the conductor screen, in metres (m);

is the average thickness of the conductor screen, in metres (m).
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Dimensions in millimetres

IEC

Key
1 insulation screen B, C potential‘elettrodes
2 conductor screen A, D curgent_electrodes

Figure D.1 — Dimensions for preparation of samples
for measurement of resistivity of conductor screen

b) ingqulation screen:

Rixzx (D —=T)xT;
Pi = I

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

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

L; | is the distance between potential electrodes, in metres (m);

D;| is the.diameter over the insulation screen, in metres (m);

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

)

2
)
1\ ’7’7’ .
Cc
B
A IEC
Key
1 insulation screen B, C potential electrodes
2 conductor screen A, D currenfeelectrodes
Figure D.2 — Dimensions for preparation of samples
for measurement of resistivity>of insulation screen
— 1
—2
||
IEC 2514/11
Key
3 Insulation-screen B, C potential-electrodes

2 e e A-DB S e
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JEC™ 2515/11

donductorscreen A-D current electrodes
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EA

Annex E
(normative)

Water penetration test

Test piece

A sample of-complete cable at least 8 m in length which has not been subjected to any of the
tests described in 12.4 shall be subjected to the bending test described in 12.4.3.

An (8,

bending test and placed horizontally. A ring approximately 50 mm wide shall be remoye

the ce

Wherg the conductor is also claimed to contain a longitudinal water barrier; the ring
comprjise all layers external to the conductor.

If the ¢able contains intermittent barriers to longitudinal water penetration;-then the sampl

contai
case,

D + 0,050) m length of cable shall be cut from the length which has been subjected

htre of the length. This ring shall comprise all the layers external to the insulation s

h at least two of these barriers, the ring being removed from hetween the barriers.
the average distance between the barriers in such cables should be known.

to the
H from
creen.
shall

b shall
In this

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

readily exposed to water. The interfaces not intended to be’longitudinally watertight sk
sealed with a suitable material or the outer coverings remoeved.

Examples of such interfaces include

— when the cable only has a conductor barriers

— when the interface is positioned between the oversheath and the metal sheath.

Arrange a suitable device (see Figure Eu1) to allow a tube having a diameter of at least 1

to be
seals

NoTEThe response of certain barriers to longitudinal penetration can be dependent
compgsition of the water«(€:g. pH, ion concentration). Normal tap water should be used
test unless otherwise _specified.

E.2

The tybe-is shall be filled within 5 min with tap water at a temperature of (20 + 10) °C 3
the helight of the water in the tube is (1,0 + 0,050) m above the cable centre (see Figure

blaced vertically over the expesed ring and sealed to the surface of the oversheat

Test

where the cable exits the apparatus shall not exert mechanical stress on the cable].

all be

0 mm
N. The

bn the
or the

The sample shall be allowed to stand for 24 h.

The sample shall then be subjected to 10 heating cycles. The conductor shall be heated by a
suitable method until it has reached a steady temperature 5 K to 10 K above the maximum
conductor temperature in normal operation; it shall not, however, reach-+00-°C the boiling point

of wat

er.

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-4 (1,0 £ 0,050) m.
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NOTE—No voltage being applied throughout the test, it is-advisable recommended 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.

E.3 Requirements

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

-

— = a—d

1 000 mm

11
|
f

K7

IEC 2516/11
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Key

Dimensions in millimetres

v
1 000 +50

A

= P
IEC
water header tank d &HY0 mm minimum (inner)
vent K 50 mm approximately
cable D length = (8 000 + 50) mm

Figure E.1 — Schematic diagram of apparatus for water penetration test
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Annex F
(normative)

Test for water penetration in the conductor

F.1 Test piece

A (4,0 £ 0,050) 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 t@
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 chamg&kall be
with ah air vent and a separate vertical tube, both of at least 10 mm interr}i/ iameter,
headef tank to allow the application of a (1,0 £ 0,050) m head of water {se€e Figure F.1

chamlyer shall be sealed to the surface of the insulation screen. The s@/here the cabl
the chlamber shall not deform the insulation during the test. (bq,
The response of certain barriers to longitudinal penetrati can be dependent d

compgsition of the water (e.g. pH, ion concentration). Normaktap water should be used
test upless otherwise specified. )

F.2 |[Test
N

The tybe shall be filled within 5 min with tap r at a temperature of (20 = 10) °C so th

heighf of the water in the tube is (1,0 + 0,0 d} above the cable centre (see Figure F.1).

%)
The sample shall be allowed to stand fe\\11 days at ambient temperature.
xO
<
C)\
During the period of testi@\ no water shall emerge from the end of the test piece.

C)O

@ .
Q~
O
3

F.3 | Requirements

Cross-

fitted
with a
). The
b exits

n the
or the

at the

NS
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Dimensions in millimetres

1000 +50

A

Key
water header tank

air Jent

test|piece

chamber

full pore valve (optional)
intefnal diameter 2 10 mm

lendth = (4 000 + 50) mm

S T S U & T O I N

R\
o
4\
O

IEC

X
Figure F.1 — Schematic diagran&{of apparatus for water penetration test in the conductor

-

N
C)C)
A

O
D
\((/C)

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-inspection examination

The cable shall be dissected and visually examined. Examination of the samples with normal
or cor isi ' gnificati K Tt

of-larr i j e delamination, fldlng,
crackiphg or tearing of the metal tape or foil, or buckling or crossing of the screen wires.

G.2 |Adhesion and peel strength-of metal-foil

G.2.1 General

Adhedion and peel strength are defined as

Flw

where
F is the force (N);

w is the width of the tape (mm).

In thg case of a CD design (combined de€sign — CD metal screen that combines [radial
watertightness and electrical properties), the concern is that delamination could damage the
metal [component and alter the electric.functionality of the screen. Therefore, the adhesion
strength and peel strength of the lamjinated covering shall be as high as possible.

In the| case of an SD design (séparate design — SD design with radial watertightneds and
electrical properties, managéd*by different metal components), there is no concerh that
delamjnation will alter the electric functionality of the screen. The cable can be operatdgd with
short-gircuit capability pfevided by the presence of the screen wires. However, the adhesion
strength and peel strendth shall be high enough to preserve the laminate from folding and
bucklipg.

In the |case of @ 'SscD design (separate semi-conductive design — SscD design with sepprated
electrical ang-radial watertightness properties with semi-conductive plastic-coated foil), t%ve test

cannof be\performed because the metal foil is so thin that it breaks during the adhedion or
peeling‘strength test.

NOTE Examples of the different designs as described above can be found in IEC TR 61901 [1].
G.2.2 Procedure Test: Adhesion strength

The test specimens shall be taken from the cable covering where the metal tape or foil-is
adhered adheres to the oversheath.

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

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-erthe-insulation-sereen 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.

Key
1 ove

2 met

3 grip

S

/ 2
Ta
7 N

sheath
bl tape or foil-ertaminated-metal-foil

14

Figure G.1 — Adhesion of\metal tape or foil

The specimen-shal should be-maintained heldhapproximately vertically in the plane of the grips

during the test-by-holding-the-specimen.

After gadjusting the continuous recording device, the metal tape or foil shall be stripped fr
specimen at an angle of approximately 180 ° and the separation continued for a su

distan

shall he peeled-with at a speéd)of approximately 50 mm/min.

When
the la

recorded.

Ce to indicate the adhesion(strength value. At least one half of the remaining bonde

the adhesion strength is greater than the tensile strength of the metal tape or foil g
ter breaks before’ peeling, the test shall be terminated and the break point sH

m the
icient
d area

o that
all be

Test: Peel strength of overlapped metal foil

E314—Procedure

A sample specimen of approximately 200 mm in length shall be taken from the cable including
the overlapped portion of the metal foil. The test specimen shall be prepared by cutting only the
overlapped portion from this sample as shown in Figure G.2.
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Key

1 specimen

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-in-Clause4F-2 for the adhesion
strength test. The arrangement 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 metpl foil orfaminated metal foil
3 gripF

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 i, shall be determined for an increase in the spacing between the grips of at least
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50 mm. A tensile testing machine with either a direct output for the minimum value or a graphical
output can be used. Figure G.4 and Figure G.5 give typical curves from a graphical output
machine and indicate how they shall be interpreted.

Minimum acceptable adhesion and peel strength forces are shown in Table G.1.
Fy

Sample preparation

N

Steady state Sample end

S\W Grip spacinrg
(@) IEC

Figure G.4 — Typical strength verS{Q ip spacing curve (1)

FA s\\§
%
Sample preparation N ’§’;ady state Sample end
O ‘
LR
\\ [
N :
O :
' )
' : Frin
: \
) L]
) L]
) '
L)
L)
L)
L]
)
'
'
3 '
'
E '
C) Grip spacirTg

\@ IEC

Figure G.5 — Typical strength versus grip spacing curve (2)
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Table G.1 — Minimum acceptable adhesion or peel strength forces

Adhesion or peel Type of screen
strength
CD SD SscD
Fmin
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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Annex H
(normative)

Additional tests for accessories

General

Annex H specifies the procedure for additional tests, which are either type tests or extension of
qualification tests for accessories for:

h test,

nts or

e not
ure to

— joififs with or without screen interruption; Q
— acfessories for cable screen interruption and/or earth connection; Q},
— terqminations with an insulated screen; (1/
— ingqulators for outdoor terminations; Qq’
— gap immersed terminations, when changing the insulating gas in tﬂé' cable connjection

enflosure. Q
Accespories specified for installation in air only can be tested witr&ﬁgﬁ;ke water immersio
subjedt to agreement between purchaser and manufacturer. T isk of presence of waller, for
example in terms of tunnel installation or any other risk og\fg porary exposure of jo
access$ories to water, should be considered in this case.
Accespories tested with the water immersion test are Qpliant when used for installation in air
as well as in other situations. Accessories testedQul hout the water immersion test 2}
compljant when used for buried installation or irf\‘a}l environment with the risk of expo
water. %

&

The m|
under

Table

anufacturer of the accessory shall vide a drawing in which all relevant features
this annex are clearly defined and\dentified.

O
H.1 lists the test procedu.reekﬁor different types of accessories.

N
C)O® |
S
Re

S
%

tested
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Table H.1 — Test sequence

Joints without Joints with Terminations Insulators for Change of
screen or metal | screen or metal with an outdoor insulating gas
sheath sheath insulated terminations for gas
interruption interruption and screen immersed
and cable cable termination
accessories accessories
without a with a screen or
screen or metal metal
Test sequence sheath/screen sheath/screen
interruption interruption
(e.g. earth (e.g. earth
connection) connection
dalfa/o0r Cross
bonding
applications)
Clause H.3 Clause H.3 Clause H.4 Clause H.4.4 Clauge H.6
Subjectef to
20 thermpl cycles b
with or wfthout X X X - I
voltage
Water immersion
conditiornfing a a
(20 thermal X X - - i
cycles)
DC voltape
withstandl test X X X - -
screen tq earth
DC voltape
withstandl test — X - - -
screen tq screen
Lightning impulse
voltage Withstand X X X _ i
test screen to
earth
Lightning impulse
voltage Withstand
— X — — R
test screpn to
screen
Internal
— — — X R
pressure|test
Cantilevgr o _ _ X i
load test
Examination X X X - -

Electrical tests

Leak ratg¢ test

2  Not dgppti€able to accessories for installation in air, tested without water immersion.

b

Not applicable if the sheath sectionalizing insulation is external to the main body of the accessory, see H.4.1.

H.2 Range of approval

H.2.1

Range of approval for joints without screen or metal sheath interruption

When the test sequence according to this annex has been successfully performed for a joint
design without screen interruption, the type approval shall be considered as valid for all joints
without screen interruption for the same conductor size or smaller, embodying the same basic

design principles and the same materials tested at equal or lower test voltages.



https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

- 86 — IEC 62067:2022 RLV © |IEC 2022

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.2.2 Range of approval for joints with screen or metal sheath interruption

When the test sequence according to this annex has been successfully performed for a joint
design with screen interruption, the type approval shall be considered as valid for all joints with
or without screen interruption for the same conductor size or smaller, embodying the same

baS|C docioan neinoin loc and tha coma mmatarialo tactand At on Aaal Ar loaar vyaltaaa ~ra e
OOt P ITTCTPTC O oo thro oo o roto oo tooto o ot o ogouar O 1ovwoeT vontago groouy .-

Wherd approval is required for joint outer protection embodying entries for it sych as
bonding leads, the outer protection tested shall include these design features. (1/

Q
A sucg¢essful test on the joint outer protection with embodying entries will%i;\%/approval tp such

outer protection for a similar joint without embodying entries, but not thé'é nverse.

H.2.3 Range of approval for accessories for cable screen I(D){b uption and/or eafth
connection ((/

When|the test sequence according to this annex has been Qﬂncessfully performed on al cable
with sgreen or metal sheath interruption, the type approval shall be considered as valid|for all
cableq with screen or metal sheath interruption offer the same manufacturer, embgdying
the same basic design principles, at an equal or IOV\\Qvoltage group.

O

H.2.4 Range of approval for terminationsgshh an insulated screen

When| the test sequence according to $:§' annex has been successfully performg¢d for
termi:]ations with an insulated screen,»@ type approval shall be considered as valid [for all
terminfations without an insulated scre'én, offered by the same manufacturer, embodying the
same pasic design principles, at ani@ual or lower voltage group.

: C)k

- N i i

H.3 | Tests of joints wﬂjﬁir without screen or metal sheath interruption an¢
accessories fogable screen interruption and/or earth connection

=

H.3.1 Conditioni@ of sample for test

The tg¢st of join@r%ables with a metal sheath interruption and accessories for cable gcreen
interryption or earth connection, shall be applied to an accessory which has passgd the
heatinjg cy, oltage test (see 12.4.6) or to a separate accessory which has undergone at least
20 ther@ ycles according to 12.4.6 but without voltage applied.

If the accessory is not to be subjected to wet conditions in service (i.e. not directly buried in
earth or not intermittently or continuously immersed in water), the test in H.3.2 can be omitted.

H.3.2 Water immersion test

The assembly to be approved shall be immersed in water to a depth of not less than 1,0 m at
the highest point of the outer protection. Where desired, this can be achieved by using a header
tank connected to a sealed-off vessel containing the test assembly.

Additional voltage tests according to H.3.3 can be carried out before commencing the
heating/cooling cycles, at the discretion of the manufacturer.


https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

IEC 62067:2022 RLV © IEC 2022 - 87 —

A total of 20 heating/cooling cycles shall be applied by raising the water temperature to within
15 K to 20 K below the maximum temperature of the cable conductor in normal operation. In
each cycle, the water shall be raised to the specified temperature, maintained at that level for
at least 5 h and then be permitted to cool to within 10 K above the ambient temperature. The
test temperature can be achieved by mixing the water with water of higher or lower temperature.
The minimum duration of each cycle of heating and cooling shall be 12 h and the duration for
raising the water temperature to the specified temperature shall be as much as possible the
same as the duration for cooling the water to within 30 °C or 10 K above the ambient
temperature, whichever is the higher.

H.3.3 Electrical tests

H.3.3.f General A

For agcessories subjected to the water immersion test, voltage tests shall be CQ-}e/d but on
completion of the heating cycles in water, with the test assembly still imme . If it]is not
practigable to carry out the electrical tests whilst the assembly is still imm in water, the

assenlbly can be removed from the water and the voltage tests carried o;s‘t‘ ith @ minimum of
delay.|In this case, earthing of the test object can be achieved by wrapping with a wet fabric,
or by lising a conductive coating applied over the entire exterior surh&f the test assembly.

©

For aqcessories without a water immersion, test earthing of the t@) object can be achieyed by
wrappjng with a conductive tape or mesh, or using a conductj\\hg oating applied over the|entire
exterigr surface of the test assembly. e)

L

All acgessories shall be subjected to the tests in H.3 Qand H.3.3.4. In addition, accegsories
with a| screen or metal sheath interruption shall aIQ\ e subjected to the tests in H.3.3|3 and

H.3.3.p. In both cases the tests shall be carried in the order given below. All tests |in this
annex|shall be carried out at ambient temperatyre if not specified otherwise.
b\

No brjakdown of the test object shall o@uring any of the electrical withstand tests. Failure

or flashover of a termination of the cabléshall not be considered a failure of the test objgct.

xO
H.3.3.p DC voltage withstanc*test between screen and earth

N\
A test|voltage of 25 kV DC sl@be applied for 1 min between the metal screen or sheafh and
the edrthed exterior of th@tést object.

H.3.3.8 DC voltage Withstand test between screen and screen

A test|voltage o V DC shall be applied for 1 min between both sides of the metal scrgen or
sheatt interré n of the test object.

H.3.3.

|4\{</C{ightning impulse voltage withstand test between screen and earth
A test voltage in accordance with Table H.2 shall be applied between the metal screens/sheaths
and the exterior of the assembly.

The testing procedure shall be performed in accordance with [IEC 60230.
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Table H.2 — Lightning impulse voltage withstand test between screen and earth of joints
with or without screen or metal sheath interruption and accessories for cable screen

interruption and/or earth connection

H.3.3.p

Beford
removie

To tedt

H.3.4

Rated lightning impulse voltage Lightning impulse level -
for main insulation? metal screen to earth
kV kV
1050 47,5
11751t0 1 425 62,5
1550 72,5
®— See Tapble 4, column 8. A

Q}/

Lightning impulse voltage withstand test between screen and ‘sﬁbeen

the lightning impulse test between the metal screens/sheaths, tbﬁ‘}?sembly sh
d from the water, if applicable. @ :
Q

between parts, a test voltage in accordance with Table H.3 QI_') Il be applied.

The tgsting procedure shall be performed in accordance witfg\féé’60230.
O

Taljle H.3 — Lightning impulse voltage withstandé‘ between screen and scree
joints with screen or metal sheath interruptioQa d accessories for cable scre
interruption and/or e connection
L\
Rated lightning impulse voltage for_.[& Lightning impulse level — between
main insulation? &Q‘ parts
kV ‘.\(7; kV
1050 OA 95
1175 to 1 4&@’\ 125
15500 145
2 See Table 4, coIMn 8.

™

Examinati

-

accessgories ected to the water immersion test:

— thd
prd

The examinﬁ‘cf the accessories shall be done as stated in 12.4.8.1 and in additi

Ce)ssory shall be examined with respect to the defined and clearly identified

all be

of
n

on for

water-

tion barriers (eaa Clause H 1),

— 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 outer protections employing alternative designs and materials, there shall be no evidence
of water ingress or internal corrosion behind the defined water-protection barriers.
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H.4 Tests of terminations with an insulated screen

H.4.1 Conditioning of sample for test

The test of terminations with an insulated screen shall be applied to an accessory which has
passed the heating cycle voltage test (see 12.4.6) or to a separate accessory which has
undergone at least 20 thermal cycles according to 12.4.6 but without voltage applied. This
requirement can be omitted if the screen insulation is external to the main body of the
accessory, for example in the case of support insulators.

H.4.2 DC voltage withstand test between screen and earth

A test|voltage of 25 kV DC shall be applied for 1 min between the screen and earth. Q

Q}/

H.4.3 Lightning impulse voltage withstand test between screen and eam‘l/

—

A test|voltage in accordance with Table H.4 shall be applied between the scﬂ'&n and eafth.

.

The tgsting procedure shall be performed in accordance with IEC 60;@

Table H.4 — Lightning impulse voltage withstand t %d between screen
a\

and earth of terminations with an insul screen
Rated lightning impulse voltage Lightning impulse level —
for main insulation? Q al screen to earth
kV \§ kV
1050 QO 47,5
1175to 1425 &Q‘@ 62,5
1550 @ 72,5
a8 See Table 4, column 8. 4‘\6

N
o~

H.4.4| Examination C)\\

The examination of the a@éssories shall be done as stated in 12.4.8.1.

O

H.5 |Tests forig\, lators for outdoor terminations

H.5.1 Te@ ceramic insulators

H.5.1/ Q/ eneral

One insutator of each type shall be subjected to the tests given in H.5.1.2 and H.5.1.3.
Alternatively, a certificate or test report can be provided, as acceptable evidence of testing as
specified in 12.2.

H.5.1.2 Internal pressure test

For insulators which will be pressurized in service, the type test pressure test shall be carried
out according to IEC 62155.

The requirements of IEC 62155 shall be met.
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H.5.1.3 Cantilever load withstand test

The cantilever load withstand test shall be carried out according to IEC 60137. The test load
for insulators designed for Level | and Level Il cantilever loads shall be in accordance with
Table 11. The test load for insulators designed for other cantilever loads shall be subject to
agreement between the purchaser and the manufacturer.

There shall be no evidence of damage (deformation, rupture or leakage).

H.5.2 Tests for composite insulators

H.5.2.4 General

One inpsulator of each type shall be subjected to the tests according to IEC 6146 given in
H.5.2.p and H.5.2.3. Alternatively, a certificate or test report can be provided, ceptable
eviderce of testing as specified in 12.2. (i/

H.5.2.p Internal pressure test 6\ .

For insulators which will be pressurized in service, the internal @;ure test according to
IEC 61462 shall be carried out. The requirements of IEC 61462 s&) e met.

H.5.2.B Bending test g\\<</

The bgnding test according to IEC 61462 shall be car% out for the declared MML value for
the ingulator, see Clause 7. The requirements of IEC 2 shall be met.

H.6 |Tests for gas-immersed terminatioejs\ln case of changing insulating gas
&
H.6.1 General @&

W\

The tgsts in H.6.2 and H.6.3 shall be a}ried out in order to approve a design of gas imnjersed
terminfation for use with an altern’aé/e gas, to that used during a type test, in the|cable
conneftion enclosure.

\\O
In addition, the type test orghje pressure test on the insulator, according to IEC 6227{1-209,
shall e carried out if t esign pressure of the insulator required for the alternative [gas is
higher than the desi ssure for which the insulator has previously been type tested.

cable [termina shall be considered to avoid the possibility of leaks developing in sgrvice.
Other [techpi aspects can require evaluation depending on the nature of the alternativge gas.

H.6.2 M

H.6.2.1 Test assembly

The mmpatib@new gases or gas mixture with the components, especially seals, |of the

The gas immersed termination shall be installed in a cable connection enclosure in accordance
with 8.6. There shall be at least 5 m of free cable between the gas immersed termination and
any other accessory. The termination shall be heated by conductor current for the tests in
H.6.2.3 and H.6.2.4.

H.6.2.2 Partial discharge test at ambient temperature

A partial discharge test shall be carried out at ambient temperature according to 12.4.4.

H.6.2.3 Impulse voltage tests

Impulse voltage tests shall be carried out according to 12.4.7.
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H.6.2.4 Partial discharge test at high temperature

A partial discharge test at high temperature shall be carried out according to 12.4.4.

H.6.3 Leak rate test

The leak rate type test on the insulator of a cable termination according to IEC 62271-209 shall
be carried out.

The requirements of IEC 62271-209 shall be met.
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Annex |
(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

problep—a—tst—efpossible—types—efdeterioration—thatcan—be——encouniered—during—=
inspedtion is given in this annex.

When|carrying out an examination, care should be taken to avoid contaminat'd% f samples,
keeping in mind that the overall purpose is to check for signs of deterioration could

the opleration of a cable system in service. /\q,

In son
(or co

for ex
requir

Samples of cable, possibly taken from different positions in g sted length, and acces:

Exami
reveal
unexp

mponents of an accessory) as a reference for the visual mspd’e

mple one of the joints and terminations, should be s
bd by this document.

nation of the samples with normal or corre§ vision without magnification shod
any deterioration of the types listed belo e following list is not exhaustive,
pcted or unusual changes shall also be coq;ldered and their potential effects on op4

visual

affect

ne cases, it can be helpful to have an untreated sample o{ﬁbe cable or acc¢ssory

ories,

cted to the visual inspection, as

Id not
40 any
ration

of a c@ble system in service considered by t&@exammmg persons when making a decisfion as

to thei

— da

— ha
int

— prégsence of corrosion on gétalllc parts, for example metallic screen and connectiong;

— ind
— ind
sh
of
mi
ha

— ind

r acceptability or otherwise. &

\
mage to the conductor which ¢ L]ﬁl have a detrimental effect on the cable perform

rmful indentations in the can;\core (s), sharp indentations of the semi-conductive {§
b the insulation; \\0

ication of possm&chamcal degradation in the dielectric parts;

ication of pos electrical degradation in primary insulation of accessory and

the relev roduct specification, for example creepage distances should not fall
himum @: ptable values and there should not be any change that would maK

zard art accessible;
i@)’gﬁvw of thermal degradation (all components);

finkage, c@ation or other distortions that can affect compliance with the requirgments

HNCe;

creen

cable:

below
e any

— cracking or damage to the insulation;

— 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;

— leak or emission of insulating fluid: any leakage of material involved in the insulation of an
accessory should be reported;

— significant change in dimensions which could have a detrimental effect on the cable or
accessory performance.
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J.1

J.1.1

Annex J
(informative)

Guidance for type test on heating-cycle-voltage-test
interruption and cycle validity

Interruption of cycles during a heating cycle voltage test

Scheduled interruption of test

of the [test is scheduled, the interruption is made after ending of a complete heating

Durinj‘the interruption, no heating cycles are applied to the cable system. As the intgg

the inferruption period, the test is restarted by applying the test voltage together th
of a new heating cycle. Only complete applied heating cycles count towar, he re
numbgr of heating cycles. Planning of interruptions to influence the outco he test
allowqd. .
S
J.1.2 Non-scheduled interruption of test ('19
a) If fhe cause of a non-scheduled interruption is detected and cted within 15 min
be|treated as a controlled interruption of test, as detailed i .
b) Mqre often, the delay is more than 15 min and the non-é)heduled interruption takes|
SO

int
at
is

The interrupted heating cycle does not coung&@ards the required number of heating cy¢

J.2

Valid

mewhere during the heating cycle. In such a cﬁe, after clearing the cause
erruption, the test should be restarted after the té@
emperature less than or equal to 30 °C or within{1

K of ambient temperature, whicg
he higher, but with a maximum of 45 °C. s\&

N

Valid heating cycles A’\Q’
xO
heating cycles are those foa@mch:
N
there are no interrupti&a} other than as given in J.1.2, item a);
test voltage, at th@pécified value, is applied continuously;

the temperat Qf the cable conductor, at the start of the cycle and at the end
cycle, is w@{n he range given in J.1.2, item b) above;

the te ture of the cable conductor at the hot part of the cycle is at or abo
mini value specified for at least the time specified;

uption
. After
b start
quired
is not

it can

place
pf the

rature of the conductor has refached

hever

es.

L

of the

ve the

t@/@)nbient temperature is within the range specified;

there are records confirming the above points.
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Annex K
(normative)

Methods for determining the weighted value of halogen content
of the non-metallic materials in the cable

K.1 Calculating the weighted value for the cable when the halogen content of
individual non-metallic material is tested
Measuyre_the wnighf, W of each non-metallic material | per unit Inngfh of cable

N
The wgighted value for the halogen content of non-metallic materials in the cabl(el,/Qﬂ fof each
halogén (i.e. F, ClI, Br, 1), is calculated as follows:
N

Wherg H; is the halogen content of the individual material ofsv(e&ht wi.

The s
the fo

K.2

3

C Z(Hixwl)
o

]:m of the weighted values of the halogen content@on -metallic materials in the cgble of
r individual halogens (F, CI, Br, 1), i.e. X H,, ir@ e calculated.

Preparation of the test sample f easurement of halogen content oh a
sample representative of the n\@n-metallic materials in the cable

.\@

A sample of length 15 mm to 25 mm ﬁhe cable shall be cut into small pieces after allf metal
elements have been removed. Th mple shall be of sufficient length to give the repuired

weigh

3 mm.

The p

of test specimen. The c\,a\ components shall be cut into small pieces no larggr than
eces should be \@&nixed and the test sample shall be taken from the mixture.

O
&
%O
O
N
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This third edition cancels and replaces the second edition published in 2011. This edition
constitutes a technical revision.

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

a) A new material class (ST,,) is introduced which has fire performance requirements.

b) A full range of fire performance tests is available which can be selected on the basis of
claimed cable performance characteristics.
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c) The range of cable metal screen designs and the bending test has been revised in line with
IEC TR 61901 [1]".

d) Requirements are introduced for outdoor termination insulators.

e) Design and testing requirements for gas immersed terminations (and their separating
insulating barriers) are coordinated with IEC 62271-209. An additional type test is required
where the separating insulating barrier is installed by the switchgear manufacturer.

f) A separate water penetration test for the cable conductor is required.

g) AC voltage testing of the insulation after installation has been revised in line with recently
published CIGRE recommendations.

h) Te

sts have been added for a change in the type of insulating gas used in the

cable

Cco

nnection enclosure of a gas immersed termination.

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

Full in

Draft Report on voting

20/2017/FDIS 20/2020/RVD

the ablove table.

The lgnguage used for the development of this International~Standard is English.

This d
accorgq
at ww

descri

ocument was drafted in accordance with ISQ/IEC Directives, Part 2, and develo

bed in greater detail at www.iec.ch/stapdardsdev/publications.

formation on the voting for its approval can be found in the-report on voting indicated in

bed in

ance with ISO/IEC Directives, Part 1 and ISOHEC Directives, IEC Supplement, available
w.iec.ch/members_experts/refdocs. The ;,main document types developed by IHC are

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

stabili

y date indicated on the IEC website under webstore.iec.ch in the data related

speciflc document. At this date, the 'document will be
e reg¢onfirmed,

e wifhdrawn,

e replaced by a reviséd)edition, or

e anjended.

1

to the

Numbers in square brackets refer to the bibliography.
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INTRODUCTION

As a result of major developments in cable systems with extruded insulation for voltages above
150 kV, CIGRE Study Committee (SC) 21 set up Working Group (WG) 21.03 in 1990. The terms
of reference of WG 21.03 were "fo prepare recommendations for electrical type tests, sample
and routine tests, based on extending IEC 60840:1988 up to 400 kV and to make proposals for
prequalification/development tests which, as a minimum, should be performed".

WG 21.03 reported that the extension of IEC 60840 [2] to voltages above 150 kV needed extra
consideration because of the following factors:

1) sughtcabtesformpartofthe backbomeof thetramsmissiom systermmand;, therefore; Tetjability
copsiderations are of the highest priority;

2) these cables and their accessories operate with higher electrical stresses than‘cableg up to
15p kV and, as a result, have a smaller safety margin with respect Ao/ /the intrinsic
pefformance boundaries of the cable system;

3) sugh cables and accessories have a thicker insulation wall than those“upto 150 kV and, as
a nesult, are subjected to greater thermo-mechanical effects;

4) the design and coordination of the cables and accessories become more difficu|t with
ingreasing system voltage levels.

The rgcommendations of the WG 21.03 were published in Electra No. 151 [3] [4] in Decgmber
1993 4nd taken into account by IEC in 1995 in the preparatiohJof this standard for cable sylstems
with extruded insulation for voltages above 150 kV. JEC. considered that the new stgndard
should also cover the 500 kV level. Thus, at its meeting'\in September 1996, CIGRE SC P1 set
up a task force 21.18 to study the extension of the jnitial recommendations to the 500 k] level.
The rgsulting updated recommendations were takéen into account by IEC Technical Committee
(TC) 20 in the preparation of the first edition of this standard.

On the advice of CIGRE, a long term acceferated ageing test was introduced in the first e(dition,
in order to gain some indication of the long term reliability of a cable system. This test, known
as the|"prequalification test", was to.be)performed on the complete system comprising the|cable,
joints pnd terminations in order to.demonstrate the performance of the system.

voltage extruded insulation ‘cable systems" in Electra No. 173 [5] in August 1997. [These
recommendations (whichy'state, amongst other things, that DC tests should be avoided pn the
main insulation, as they are both ineffective and potentially damaging) were also takgn into
accoupt in the first edition of this standard.

In achion, CIGRE WG 21.09;-published recommendations for "tests after installation orn high-

At its meeting.in November 2004, TC 20 concluded that the next revision of IEC 62067 $hould
includg th€ ;recommendation for testing of HV and EHV extruded cables that was |under
preparation by the CIGRE SC B1 (previously SC 21) WG B1.06. This was made available as a
CIGRE—TFechnicalBrochure—303[6}before—the rg—efTFC—20irO 006
confirmed this view. Therefore, Technical Brochure 303 has been considered by TC 20 and
major parts have been implemented in this standard. This has resulted in some modifications
to the prequalification test requirements, a major change being the addition of the extension of
the prequalification test. The latter test requires approximately one quarter of the time to
complete when compared with the full prequalification test.

This third edition of IEC 62067 has been produced as part of the normal periodic review and
updating procedures of IEC taking into account progress and developments within the energy
industry.

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 150 kV (U, = 170 kV) UP TO 500 kV (U, = 550 kV) —
TEST METHODS AND REQUIREMENTS

1 Scope

This

extruded insulation and their accessories for fixed installations, for rated voltages above*1

(Un =

The rgquirements apply to single-core cables and to their accessories for ysual conditi

install

cableg, for which modifications to the standard tests can be necessary orispecial test con
that may need to be devised.

This qocument does not cover transition joints between cable$s '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

IEC 6

testing

IEC 60137, Insulated bushings for alternating voltages above 1000 V

IEC 6

IEC 60229:2007, Electric cables — Tests on extruded oversheaths with a special pro

functiq

ocument specirties test methods and requirements T0r power cable sysiems, Ccablg

170 kV) up to and including 500 kV (U, = 550 kV).

htion and operation, but not to special cables and their accessories), ‘such as subr

insulated cables.

brmative references

utes requirements of this document. For dated references, only the edition cited a
hndated references, the latest edition» of the referenced document (includin

060-1, High-voltage test techniques — Part 1: General definitions and test require

060-3, High-voltage testitechniques — Part 3: Definitions and requirements for (

228, Conddurctors of insulated cables

n

s with
50 kV

bns of
harine
ditions

n and

pntent
bplies.
D) any

ments

n-site

ective

IEC 60230, Impulse tests on cables and their accessories

IEC 60287-1-1, 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 60332-1-3, Tests on electric and optical fibre cables under fire conditions — Part 1-3: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for determination
of flaming droplets/particles
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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 60754-3, Test on gases evolved during combustion of materials from cables — Part 3:
Measurement of low level of halogen content by ion chromatography

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

IEC 60811-202:2012, Electric and optical fibre cables — Test methods for non-metallic ma|terials
— 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 nontmeétallic matelials
Part 203: General tests — Measurement of overall dimensions

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

IEC 6(0811-403, Electric and optical fibre cables — Testethods for non-metallic matelials
Part 403: Miscellaneous tests — Ozone resistance test onycross-linked compounds

IEC 60811-409, Electric and optical fibre cables.<\Test methods for non-metallic matelials
Part 409: Miscellaneous tests — Loss of mass testfor thermoplastic insulations and shedths

IEC 60811-501:2012, Electric and optical fibre cables — Test methods for non-metallic majterials
ilation

rials —

rials —

rials —

aterials
— Part 508: Mechanlca/ tests — Pressure test at high temperature for insulations and sheaths
IEC 60811-508:2012/AMD1:2017

IEC 60811-509, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 509: Mechanical tests — Tests for resistance of insulations and sheaths to cracking (heat
shock test)

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
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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, Measurement of smoke density of cables burning under defined conditions —
Part 2: Test procedure and requirements

IEC 61462, 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 62155, Hollow pressurized and unpressurized ceramic and glass insulators for use in
electrical equipment with rated voltages greater than 1 000 V

IEC 62271-209, High-voltage switchgear and controlgear — Part 209: Cable connéctigns for
gas-injsulated metal-enclosed switchgear for rated voltages above 52 kV —cFluid-filled and
extruaed insulation cables — Fluid-filled and dry-type cable-terminations

3 Terms and definitions
For the purposes of this document the following terms and defipitions apply.

IEC and I1SO 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 often used in tables

Note 1 fo entry: Usually, in this document, nominal values 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 decre@asing)
succession, middie value if the number of available values is odd, and mean of the two middle
valueg if the number is even

3.2 |Definitions relating to tests

3.2.1

routine test

test made 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
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3.2.3

type test
test made before supplying, on a general commercial basis, a type of cable system covered by
this document, in order to demonstrate satisfactory performance characteristics to meet the

intend

Note 1 to entry:

ed application

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

3.24
prequ

PQ test
ade before supplying, on a general commercial basis, a type of cable system coveLed by

test m
this ddg
syster]

3.2.5
exten
EQ te

test mde before supplying, on a general commercial basis, a type of cable system cove
cument, in order to demonstrate satisfactory long term perfermance of the completd cable
system, taking into account an already prequalified cable system

this dg

3.2.6
electr|

test made to demonstrate the integrity of the cable system as installed

Note 1

on agreement between purchaser and manufacturer.

3.3

3.3.1
cable
cable

systems limited to those used for terminations and joints only

3.3.2

nominal electrical stress

electri

Note 1

Note 2

3.3.3

the performance characteristics.

alification test

cument, in order to demonstrate satisfactory long term performance of the complete
R

sion of prequalification test
5t

cal test after installation

o entry: Integrated optical elements, if present, will be tested upon purchaser request. Tests to be

Other definitions

system
with installed accessories, including components used for thermo-mechanical restr,

cal stress calgulated at Uy using nominal dimensions

o entry:« \IThe equations for calculation of the stresses are given in Clause 6, item n).

o entry: Electrical stress is expressed in kV/mm.

cable

red by

defined

Aint of

combined design

CD
metal

screen design that combines radial watertightness and electrical properties

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

3.34
separ
SD

ate design

metal screen design that uses different metal components for radial watertightness and

electri

cal properties

Note 1 to entry: Details of the construction are given in 4.3.
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separate semi-conductive design

SscD

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

nominal conductor cross-sectional area
size of the cable conductor in accordance with IEC 60228

3.3.7

maximum mechanical load

MML
higheg

t mechanical cantilever load which is expected to be applied to a compesite o

terminfation insulator in service and for which it is designed

3.3.8

maximum service pressure

MSP

higheg
which
operat

3.3.9
cable
cable
electri

3.3.10

Litdoor

t difference between the maximum absolute internal pressure, when the equipmént (of

a composite hollow insulator is a part) is carrying its rated normal current at ma
ional temperature and the normal outside pressure

accessory with screen or metal sheath interruption
accessory where the metal screen/sheath’and insulation screen of the cab
cally interrupted

joint with screen or metal sheath interruption
vhere the metal screen/sheath and insulation screen of the cable are elecfrically

joint
interrd

3.3.11

pted

termipation with an insulated screen

termin|
interrd

4 V

4.1

ation where the metal screen/sheath and insulation screen of the cable are elec
pted to the ground

pbltage _designations, materials and rounding of numbers

Rated voltages

imum

e are

rically

In this document, the symbols Uy, U and U, are used to designate the rated voltages of cables
and accessories where these symbols have the meanings given in IEC 60183 [7].

4.2

Cable insulating compounds

This document applies to cables insulated with one of the compounds listed in Table 1, which
also specifies, for each type of insulating compound, the maximum operating conductor

tempe

ratures on which the specified test conditions are based.

It is recommended that cable cores with a cross-linked insulation system should have been
degassed.
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4.3

Cable metal screens/sheaths

This document applies to the various designs in use. It covers designs providing a radial
watertightness and designs that do not provide radial watertightness.

In all cases the metal screen/sheath shall be able to meet the screen short circuit rating.

Designs that provide radial watertightness mainly consist of:

— seamless or longitudinally welded metal sheaths;

— longitudinally applied metal tapes or foils bonded to the oversheath:

NO

- co
foi

Du
or
req

Desig
-  mg
- al
4.4

Tests
- 8T
- ST
- ST

CD: a metal screen design using a metal tape or foil, with either a welded or glued_ o
that carries part or all of the screen short circuit current with, if necessary, meta
to carry part of the short circuit current;

SD: a metal screen design using a laminated metal foil (coated on onecerlboth sid
radial watertightness, and metal wires for carrying the full screen shortcircuit cur

SscD: a metal screen design using a thin lead or aluminium foil doated with glue
outer side and semi-conductive plastic on the underside, over aylayer of semi-cond
tape, which is in turn over a layer of round copper wires.

[TE Definitions of CD, SD, and SscD are given in 3.3.3, 3.3.4 and 3.354

mposite screens, involving a layer of wires and either-a metal sheath or a metal t
bonded to the oversheath, acting as a radial watet/impermeable barrier (see Clal

ring development of the cable and cable system) with a longitudinally applied meta
foil bonded to the oversheath, the tests. as specified in IEC TR 61901 [1
ommended.

s which do not provide radial watertightness include:

tal tapes or foils not bonded to thelOversheath,

hyer of metal wires only.
Cable oversheathing compounds
are specified for five types of oversheath, as follows:

4 and ST, based onr polyvinyl chloride (PVC);
s and ST, based on polyethylene (PE);

1o based-on’low smoke halogen free material (LSHF).

The c$

therm

hahnd fire performance required during installation and operation.

erlap,
wires

ps) for
rent;

bn the
uctive

Bpe or
se 5),

| tape
] are

oice of the type of oversheath depends on the design of the cable and the mechanical,

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

If there is concern that the oversheath will be deteriorated by UV radiation, the oversheath shall
be protected against UV radiation, which will be mutually agreed with the purchaser.
Black PE oversheaths containing the required amount of a suitable and well-dispersed grade
of carbon black (see Table 5) are protected against UV radiation.

NOTE 1

applied.

For installation in air as for example in tunnels or buildings, it is preferable for the cable to have some fire
performance and low smoke and halogen free properties. For such applications, an ST,, (LSHF) oversheath can be

NOTE 2 For some applications the oversheath can be covered by a functional layer (e.g. semi-conductive).


https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

4.5

- 16 - IEC 62067:2022 © IEC 2022

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 locations with a risk of water ingress or

corros

Longit

ion or in water, a radial water impermeable barrier is recommended.

idinal water barriers can also he applipd in order to _avoid the need to rplnlar‘

e long

sectio

A test

NOTE
6 C

For th
record

The fg

a) na
ph

s of cable in case of damage in the presence of water.

for longitudinal water penetration is given in 12.5.15.

No test for radial water penetration is currently available.
ble characteristics

e purpose of carrying out the cable system or cable tests described in this docume
ing the results, the cable shall be identified.

llowing characteristics shall be declared by the manufacturer:

pse) or date code;

c) fir
the

NO

d) tyq
co

présence, if any, and nature of measures taken to achieve longitudinal watertightness

no
Dd

e) co

f) tyq

g) presence, if any, and nature of watertightness measures in the screening area;

h) me

b) rard voltage: values shall be given for Uy~U) U,, (see 4.1 and 8.4),

performance: if ST, ST, or ST, .0versheath material is used (see 4.4 and Ta
n the subclauses of 12.5.14.3, if any, to which compliance is claimed, shall be ded

TE Fire performance is dependent onthe cable design as well as the oversheath material.

e of conductor, its materialband nominal cross-sectional area, in square mm; con
hstruction; presence, if jany, and nature of measures taken to reduce skin

minal cross-sectional area is not in accordance with IEC 60228, the ma
conductor resistance, corrected to 1 km length and to 20 °C;

mpound (as.defined in Table 1) and nominal thickness of insulation (z,) (see 4.2);

e of manufacturing process for insulation system;

tal(screen/sheath:

ht and

me of manufacturer, type, designation and manufacturing date (date of last production

ble 2),
lared;

ductor
effect;
; if the
imum

constructional details of metal screen/sheath, for example, material and construc

tion of

metal screen, number and diameter of wires; material, construction and nominal

thickness of metal sheath, or longitudinally applied metal tape or foil bonded
oversheath, if any. For cables with longitudinal applied metal tape or foil bonded
oversheath whether the type is CD or SD or SscD;

to the
to the

maximum DC resistance of the metal screen/sheath, corrected to 1 km length and to

20 °C;

i) compound (as defined in 4.4 and Table 2) and nominal thickness of oversheath, and if

ap
j) no
k) no

plicable, nature and material of semi-conductive covering;
minal diameter of the conductor (d);

minal overall diameter of the cable (D);

I) nominal inner diameter (d;;) and calculated nominal outer diameter (D;,) of the insulation;
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m) nominal capacitance, corrected to 1 km length, between conductor and
screen/sheath;

metal

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

20,
B0
dii xIn(D,o /dii)

3 20U,
Dy ><In(Dlo /dii)

Eq

0) thd
7 A

7.1

Gas in

7.2

Insula
for Le
insula
specif]
operat

7.3

For th
and r¢g

The fd

ere
is the value declared in item b) above in kV;

=d;; + 2ty;

is the calculated nominal outer diameter of the insulation, in mm;
is the declared nominal inner diameter of the insulation, incmm;
is the declared nominal insulation thickness, in mm;

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

Gas immersed cable terminations

hmersed cable terminations shall be designed in accordance with IEC 62271-209.

Insulators for outdoor cable terminations

fors for outdoor cable terminations shall comply with the requirements given in Ta
el | or Il maximum cantilever-operating load in service (or MML in the case of co
ors). Level | refers to a-nermal load and shall be generally applied, unless a pur
es a heavy load of Level Il. Alternatively, a different value of maximum can
ing load or MML can.be agreed between the purchaser and manufacturer.

Accessory characteristics to be declared

b purposefef-carrying out the cable system or accessory tests described in this doc|
cording'the results, the accessory shall be identified.

llowing characteristics shall be declared by the manufacturer:

le 11
posite
haser
ftilever

ument

a) cables used for testing accessories shall be correctly identified as in Clause 6;

b) a drawing shall be provided in which all relevant features tested under Annex H are shown,
see Clause H.1;

c) current carrying connections used within the accessories shall be correctly identified, for
both the conductor and metal screen/sheath, with respect to:

assembly technique,
type, reference number and any other identification of the connector,

details of the type test approval of the connector if applicable;

d) accessories to be tested shall be correctly identified with respect to

name of manufacturer,

type, designation and manufacturing date or date code,
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rated voltage (see Clause 6, item b)),

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 requirements for gas immersed terminations:

type of insulating gas to be used in the cable connection enclosure (SFg or de
alternative gas type),

whether or not the termination insulator is suitable for supply to.!the switg
manufacturer, in order to confirm compatibility and performance for the installation
switchgear before delivery to site, see IEC 62271-209,

if suitable, the measures which are required to allow the switchgear routine test
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 MSP value;
ditional requirements for ceramic outdoor termination insulators:
the maximum cantilever operating load in service,

for insulators which will be pressurized.in’service, the design pressure.

8 Test conditions

8.1

Unles
ambie

8.2
Unles

accorq
tests.

No "a

Ambient temperature

5 otherwise specified in-the details for the particular test, tests shall be carried ou
ht temperature of (20 £15) °C.

High voltage tests

b otherwisessindicated in this document, high voltage tests shall be carried
ance wijth{IEC 60060-1. All high voltage tests in this document are withstand v

ber or

hgear
in the

to be

at an

but in
pltage

mospheric correction in dry tests" (IEC 60060-1) shall be applied to the test v

oltage

values

8.3

specitied In this document.

Waveform of impulse test voltages

The waveforms of lightning and switching impulse tests shall be as given in IEC 60230.

8.4

Relationship of test voltages to rated voltages

Where test voltages are specified in this document as multiples of the rated voltage U, the
value of U, for the determination of the test voltages shall be as specified in Table 4.
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For cables and accessories of rated voltages not shown in the table, the value of Uy, for the

determination of test voltages can 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 U, 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 a system of category A, as defined in IEC 60183 [7].

8.5 |Determination of the cable conductor temperature

It is rqcommended that one of the test methods described in Annex A is used to defermipe the
actual|conductor temperature.

8.6 |Tests on gas immersed terminations

Electrical tests on gas immersed terminations shall be carried out“in a cable connfection
enclodure with the diameter specified in IEC 62271-209 for the relevant value of rated vgltage.
The gps pressure requirements for electrical type tests given in\I[EC 62271-209 shall also be
compl|ed with.

9 Rputine tests on cables and accessories

9.1 General
The fdllowing tests shall be carried out on eagh-manufactured length of cable:

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

c) elgctrical test on oversheath ofithe cable, if required (see 9.4).

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

The main insulation of prefabricated accessories shall undergo partial discharge (see 9.P) and
voltage (see 9.3) routine’tests according to either 1), 2) or 3) below:
1) on|the main_insulation of prefabricated accessories installed on the cable;

2) by|using @.host accessory into which a component of an accessory is substituted for the
teqt;

3) by|using a simulated accessory rig in which the electrical stress environment of 4§ main
insutatiom component IS TEproduced.

In cases 2) and 3), the test voltage shall be selected so as to obtain at least the same electrical
stresses 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 to the routine tests given
in IEC 62271-2009.

Outdoor termination insulators, which will be subjected to internal gas pressure in service, shall
be subjected to the routine pressure test according to IEC 61462 for composite insulators, or
IEC 62155 for ceramic insulators. No failure shall occur.

Routine tests do not apply to accessories taped and/or moulded on-site.
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NOTE The main insulation of prefabricated accessories consists of the components that come in direct contact with
the cable insulation 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 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 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

reducnd tC 1’5 LL [ Table PN B\

con 4 Lo
SRS LA P Ao L LI O

There|shall be no detectable discharge exceeding the declared sensitivity from the“test jobject
at 1,5(Ug.

9.3 [Voltage test

The vpltage test shall be made at ambient temperature using an dlternating test voltage at
power|frequency.

The tgst voltage shall be raised gradually to the specified valueswhich shall then be held for the
specifled time between the conductor and metal screen/sheath according to Table 4, colymn 4.

No brgakdown of the insulation shall occur.

9.4 |Electrical test on oversheath of the cable
Subje¢t to agreement between purchaser_and manufacturer, the cable oversheath sHall be
subjegted to the electrical test specified in;€lause 3 of IEC 60229:2007.

10 Sample tests on cables

10.1 |General

The fgllowing tests shall-be carried out on samples which, for the tests in items b) and g) below,
shall he complete drum+lengths of cable, taken to represent batches:
a) copductor examination (see 10.4);

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

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

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

f) hot set test for XLPE and EPR insulations (see 10.9);

g) measurement of capacitance (see 10.10);

h) measurement of density of HDPE insulation (see 10.11);
i) lightning impulse voltage test (see 10.12);

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

k) tests on components of cables with longitudinally applied metal tape or foil, bonded to the
oversheath (see 10.14).
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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 between 4 km and 20 km and two tests for contracts with longer cable
lengths.

10.3 |Repetition of tests

If the $ample from any length selected for the tests fails in any of the tests in Clausé. 10, further
samples shall be taken from two further lengths of the same batch and subjected’to thel same
tests gs those in which the original sample failed. If both additional samples/pass the tes}s, the
other ¢ables in the batch from which they were taken shall be regarded as/having compligd with
the requirements of this document. If either fails, this batch of cablescshall be regarded as
having failed to comply.

10.4 |Conductor examination

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

10.5 |Measurement of electrical resistance of conductor and of metal screen/sheath

The cpble length, or a sample thereof, shallgbe placed in the test room, which shall be
maintained at a reasonably constant temperature for at least 12 h before the test. If thefe is a
doubt|[that the conductor or metal screenfsheath temperature is not the same as the room
tempefature, the resistance shall be measured after the cable has been in the test ropm for
24 h. |Alternatively, the resistance can be measured on a sample of conductor or|metal
screen/sheath, conditioned for at least 1 h in a temperature-controlled liquid bath.

The DL resistance of the conductor or metal screen/sheath shall be corrected to a tempgrature
of 20 {C and a 1 km length in accordance with the formula given in IEC 60228:

— us|ng the temperature coefficients given in |IEC 60228 for a conductor or |metal
screen/sheath of eepper or aluminium or

— forla metal s¢reen/sheath other than copper or aluminium, using temperature coefflcients
given in IEC)60287-1-1.

The corrected DC resistance of the conductor at 20 °C shall not exceed either the apprqpriate
maxinTum value specified in IEC 60228 or, when a value for maximum DC conductor resistance
is declared in Clause 6, item d), then the corrected DC resistance of the conductor at 20 °C
shall not exceed the declared value.

The corrected DC resistance of the metal screen/sheath at 20 °C shall not exceed the declared
value.

10.6 Measurement of thickness of insulation and oversheath
10.6.1 General

The test method shall be in accordance with IEC 60811-201 for the insulation. For the
oversheath the test method in accordance with |IEC 60811-202:2012 and
IEC 60811-202:2012/AMD1:2017 shall be applied, except that for sheaths where the underlying
surface is not irregular the measurement can be made with a micrometer having a ball nose
radius of 2,5 mm to 3 mm. The accuracy of the micrometer shall be 0,01 mm.
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Each cable length selected for the test shall be represented by a piece taken from one end after

having discarded, if necessary, any portion that can have suffered damage.

In 10.6 the following symbols are used:

¢

Imin

t is the nominal thickness, in mm.

n

max 18 the maximum measured thickness, in mm;

is the minimum measured thickness, in mm;

10.6.2 Requirements for the insulation

The nlinimum measured thickness shall not be less than 90 % of the nominal thicknesst

and additionally:

hd ¢

Q

max min

tmin 2 0,90 tn

Imax ~ min <010

tmax

shall be measured at the same cross-sectiofy of the insulation.

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

10.6.3 Requirements for the cable oversheath

The mlinimum measured thickness shall\not be less than 85 % of the nominal thickness

0,1m

In addition, for oversheaths applied onto a substantially smooth surface, the average
measyred values rounded to 0,1 mm shall not be less than the nominal thickness.

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

Imin

10.7 |Measurement of thickness of metal sheath

20,851, - 0,1

10.7.1 General

minus

of the

such

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:

'min

t is the nominal thickness, in mm.

n

is the minimum measured thickness, in mm;


https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

IEC 62067:2022 © |IEC 2022 - 23 -

10.7.2 Lead or lead alloy sheath
10.7.2.1 General
The minimum measured thickness of the sheath shall not be less than 95 % of the nominal

thickness minus 0,1 mm:

20,951, - 0,1

Imin

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 measurement shall be made with a micrometer with plane faces of 4 mm to/8 mm diameter.
The agcuracy of the micrometer shall be £0,01 mm.

The measurement shall be made on a test piece of sheath about 50 mm-ifvlength remove[ from
the completed cable. The piece shall be slit longitudinally and carefully, flattened. After cl¢aning
the tes$t piece, a sufficient number of measurements shall be made ‘along the circumferepce of
the shleath and not less than 10 mm away from the edge of the flattened piece to ensufe that
the minimum thickness is measured.

10.7.2.3 Ring method

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

The measurements shall be made on a‘ring of the sheath carefully cut from the samplé. 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] Copper or aluminium’/sheath
The nmjinimum measured.‘thickness of the sheath shall not be less than 90 % of the npminal

thickngss minus 0,1 mm-for non-corrugated copper or aluminium sheath:

209¢,-01

Imin

and npt/ess than 85 % of the nominal thickness minus 0,1 mm for corrugated 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 of the micrometer shall be +0,01 mm.

The measurements shall be made on a ring of the sheath, about 50 mm wide, carefully removed
from the 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:

Imin 20,9 Iy

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

The measd i S : wide,
carefully removed from the cable. The thickness shall be determined at a number-of [points
around the circumference and on the side ends of the ring to ensure that the minimumthidkness
is megsured.

10.8 |Measurement of diameters

If the purchaser requires that the diameter of the core and/or the overall.diameter of thel cable
shall e measured, the measurements shall be carried out in accordance with IEC 60811-203.

10.9 |Hot set test for XLPE and EPR insulations
10.9.1 Procedure

The spmpling and test procedure shall be carried .ot/ in accordance with IEC 6081[1-507,
emplolying the test conditions given in Table 8.

The tgst pieces shall be taken from that part of.the insulation where the degree of cross-|inking
is congidered to be the lowest for the curing process employed.

10.9.2 Requirements

The tgst results shall comply withnthe requirements given in Table 8.

10.10 [Measurement of capacitance

The c@pacitance shall be-measured between conductor and metal screen/sheath at agmbient
tempefrature, and the(ambient temperature shall be recorded with the test data.

The measured vatue of the capacitance shall be corrected to a 1 km length and shall not gxceed
the declared -nominal value by more than 8 %.

10.11 |Measurement of density of HDPE insulation

10.11.1 Procedure

The density of HDPE shall be measured using the sampling and test procedure given in
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

The test shall be performed on a cable at least 10 m in length excluding test accessories, at a
conductor temperature 5 K to 10 K above the maximum conductor temperature in normal
operation.
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The assembly shall be heated by conductor current only, until the cable conductor reaches the
required temperature.

If, for practical reasons, the test temperature cannot be reached, additional thermal insulation
can 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 60230,
after the completion of the above 2 h heating period and while the conductor temperature is
within the limits stated above.

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

No brgakdown of the insulation shall occur.

10.13 |Water penetration test

If applicable, samples shall be taken from the cable, the test shall be applied and the
requirements shall be met as described in 12.5.15.

10.14|Tests on components of cables with a longitudinally‘applied metal tape or fail
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 cable and subjected\to‘the tests and requirements in 12.5.16.

11 Sample tests on accessories

11.1 |Tests on components of accessory

The characteristics of each component shall be verified in accordance with the specifigations
of the|accessory manufacturer, either through test reports from the manufacturer of a| given
compg@nent or through internat-tests.

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

The components'shall be inspected against their drawings. There shall be no deviation dutside
the delclared tolerances.

NOTE |As’components differ from one manufacturer to another, it is not possible to define common sample {ests on
comporjents/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.

NOTE Examples of main insulations that are not routine tested are 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.
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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 tests specified in Clause 12 are intended to demonstrate the satisfactory performance of

cable pystems.

Once successfully completed, type tests need not be repeated, unless 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 characteristics,

The clause or subclause references to be considered during a type testioh a cable systgm are

given jn Annex C.

Type tests on gas immersed cable terminations shall be carriedQutaccording to IEC 62271-209

in addjtion to the tests specified in this document.

Additipnal electrical type tests are required in IEC 622/1-209, 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 routinevand on-site tests.

NOTE |Tests on terminations under environmental conditions such as precipitation and/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 cablé systems within the scope of this document with other [cross-
sectiohs, rated voltages and constructions provided that all the following conditions of af) to h)

are met.

Type fests which have been successfully performed according to previous editions ¢f this

standard are valid if the following conditions are met:

a)

b)
c)

d)

Thie voltage group is not higher than that of the tested cable system(s). Cable systgms of
the same voltage group are those of rated voltages having a common value of U, I-]ighest

vo[tage for equipment, and the same test voltage levels (see Table 4, columns 1 and|2).

The nominal conductor cross-sectional area is not larger than that of the tested cable.

The cable and the accessories have the same or similar constructions as that of the tested
cable system(s).

Cables and accessories of similar construction are those of the same type and
manufacturing process of insulation and semi-conducting screens. Repetition of the
electrical type tests is not necessary on account of the differences in the conductor or
connector type or material or of the protective layers applied over the screened cores 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 can be appropriate to repeat one or
more of the type tests (e.g. bending test, heating cycle test and/or compatibility test).

The calculated nominal electrical stress and the impulse voltage stress, calculated using
nominal dimensions, at the cable conductor screen, do not exceed the respective calculated
stresses of the tested cable system(s) by more than 10 %.
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e) The calculated nominal electrical stress and the impulse voltage stress, calculated using
nominal dimensions, at the cable insulation screen, do not exceed the respective calculated
stresses of the tested cable system(s).

f) The calculated nominal electrical stresses and the impulse voltage stresses, calculated
using nominal dimensions, within the main insulation parts of the accessory and at the cable
and accessory interfaces, do not exceed the respective calculated stresses of the tested
cable system(s).

g) The same type of gas or gas mixture and pressure is used in the cable connection enclosure
of a gas immersed termination.

NOTE Clause H.6 gives requirements for approval of a gas immersed termination with an alternative type of
gas-

h) A |gas immersed termination has the same separating insulating barrier, stress| cone
asgembly and cable as are used in the type test, taking into account the relevant allfowances
anfd requirements of a) to g) above.

The type tests on cable components (see 12.5) need not be carried out on samples from ¢ables
of different voltage ratings and/or nominal conductor cross-sectional areas unless different
materfals and/or different manufacturing processes are used to produce them. Hoyever,
repetifion of the ageing tests on pieces of completed cable to check'compatibility of mjterials
(see 12.5.5) can be mutually agreed with the purchaser if the combination of materials gpplied
over the screened core is different from that of the cable on whi¢h-type tests have been garried
out previously.

A typd test certificate signed by the representative of a.competent witnessing body, or alreport
by thel manufacturer giving the test results and signed/ by the appropriate qualified officefr, or a
type tést certificate issued by an independent test laboratory, shall be acceptable as evidence
of typé testing.

12.3 |Summary of type tests

The tylpe tests shall comprise the electrical tests on the complete cable system as specified in
12.4 and the appropriate non-electfical tests on cable components and completed|cable
specifled in 12.5.

The npn-electrical tests on, cable components and cable are listed in Table 5 to Table 10,
indicating which tests aretapplicable to each insulation and oversheath compound. The tests
underffire conditions, aslisted in Table 10, are only required if the manufacturer wishes tq claim
compllance with these tésts as a special feature of the design of the cable.

The tgsts listedlin=12.4.2 shall be performed on one or more samples of cable, dependjng on
the number of*accessories involved.

A suffijcient length of cable shall be subjected to the bending test of 12.4.2 a) in order tq allow
construction of a test assembty for the tests of 12.4.2 ¢) to gJ and the testof T2.4.2 b)) where
applicable.

The partial discharge test of 12.4.2 a) and the tests in 12.4.2 c) to g) shall be carried out on a
test assembly comprising at least one sample of each accessory type to be tested. The
accessories shall be installed on a cable such that there is a length of at least 5 m of free cable
(i.e. excluding that contained within the length of any accessory) between adjacent accessories
and at least 10 m of free cable in total.

The tan 6 measurement of 12.4.2 b) can be carried out using the test assembly described above
or on a separate cable sample taken from the same manufacturing batch. In the latter case, a
bending test is not required on the cable and the test terminations can be different from those
used for the other tests. There shall be at least 10 m of free cable in total. For the tests in 12.4.2
c) to g), accessories shall be installed after the bending test on the cable.
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Cables 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.

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.

If any joints are included in the cable system to be tested, during tests c) to g) of 12.4.2, it is
necessary to test them with the outer protection fitted.

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

12.4 |Electrical type tests on complete cable systems
12.4.1| Test voltage values

Prior tp the electrical type tests, the insulation thickness of the cable shall'\be measured py the
methold specified in IEC 60811-201 on a representative sample taken)from the length|to be
used for the tests, to check that the average thickness is not excessive compared with the
nominpl value.

If the average thickness of the insulation does not exceed thenominal value by more thah 5 %,
the tegt voltages shall be the values determined according to 8.4 for the rated voltage |of the
cable.

If the Bverage thickness of the insulation exceeds.the nominal value by more than 5 % put by
not mpre than 15 %, the test voltage shall bg,adjusted to give an electrical stress jat the
condugtor screen equal to that applying when\the average thickness of the insulation is|equal
to the [nominal value and the test voltages ake the normal values specified for the rated vpltage
of the|cable.

The cable length used for the electrical type tests shall not have an average insulation thigkness
exceefling the nominal value by more than 15 %.

12.4.20 Tests and sequence of tests
The tgsts in items a) to\i) shall be made in the following sequence (see also 12.3):

a) bepding test onithe cable followed by visual examination, where applicable, (see 12.4.3).
Th installation of the accessories shall then be carried out by the manufacturer and a partial
digchargeitest carried out at ambient temperature (see 12.4.4);

b) tan &’measurement (see 12.4.5 and 12.3);

c) he&tingeyelevoltagetest{see 4246}
d) partial discharge tests (see 12.4.4):

e at ambient temperature, and

e at high temperature.

The tests shall be carried out after the final cycle of item c) above or, alternatively, after
item f) below;

e) switching impulse voltage test (required for U, 2 300 kV, see 12.4.7.1);

f) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7.2);
g) partial discharge tests, if not previously carried out in item d) above;

h) additional tests for accessories (see Annex H);

i) examination of the cable system with cable and accessories on completion of the above
tests (see 12.4.8);
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j) resistivity of the cable semi-conducting screens (see 12.4.9) that shall be measured on a
separate sample. No bending test is required on the test sample.

Test voltages shall be determined in accordance with 8.4 and adjusted according to 12.4.1 if
required.

12.4.3 Bending test

The cable sample shall be bent around a test cylinder (for example, the hub of a cable drum)
at ambient temperature for at least one complete turn and unwound, without axial rotation. The
sample shall then be rotated through 180° and the process repeated.

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

The npminal diameter of the test cylinder shall be:

— for cables with non-corrugated copper or non-corrugated aluminium sheaths:

e |36 (d + D);
— forcables with lead, lead-alloy or corrugated metal sheaths:
e |25 (d + D);

— for cables with longitudinally applied metal tape or foils (overlapped or welded) bonfled to
thg oversheath:

e |20 (d + D) for CD,
e |25 (d + D) for SD and CD + wires,
e [ 10 Dg for SscD.

— fonother cables:
e |20 (d + D);
where
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)).
D¢| is the nominal diameter of the metal screen layer, in mm.

The dlameter of the test cylinder is the nominal diameter with a tolerance of 0 % to[+5 %.
Small¢r bending diameters can 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
Claus¢ G.1shall be carried out, after completion of the three bending cycles.

12.4.4 “Partial discharge tests

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 K to 10 K above the maximum cable conductor temperature in normal
operation. The assembly shall be heated by conductor current only. The conductor temperature
shall be maintained within the stated temperature limits for at least 2 h before the partial
discharge measurement is carried out.
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If, for practical reasons, the test temperature cannot be reached, additional thermal insulation
can be applied.

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

12.4.5 Tan J 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 5 K to
10 K gbove the maximum conductor temperature in normal operation.

If, for practical reasons, the test temperature cannot be reached, additiopal thermal instilation
can be applied.

The cpnductor temperature shall be maintained within the stated-temperature limits |for at
least 2 h.

The tan o 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 cable shall have a U-bend with a diameter not greater than the test cylinder diamejter for
the belnding test of 12.4.3. The diameter‘and allowed tolerances shall be as specified in 12.4.3.

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

If, for practical reasons;~the test temperature cannot be reached, additional thermal insdilation
can bg applied.

The heating shallbe applied for at least 8 h.

The conductor temperature shall be maintained within the stated temperature limits for aft least
2 h off €ach heating period. This shall be followed by at least 16 h of natural cooling to a
condutter perature—tess—thanor—equatto—36—2C—or—withir of—ambi empetature,
whichever is the higher, but with a maximum of 45 °C. The conductor current during the last 2 h
of each heating period shall be recorded.

If the cable exhibits excessive dielectric loss at the test voltage, this can affect cooling. In
extreme cases this could prevent cooling of the conductor to within the specified temperature
range. This behaviour shall be considered a test failure.

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).


https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

IEC 62067:2022 © |IEC 2022 -31-

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

Interruption of the test is allowed, provided 20 complete heating cycles in total under voltage
are completed. Guidance concerning interruption of the test and the determination of valid
heating cycles is given in Annex J.

12.4.7 Impulse voltage tests

12.4.7.1 Switching impulse voltage test

A swit hing impulse \/nlfngn test shall bhe carried out on the s\cepmhly for systems, cables and

accessories of voltage U, 2 300 kV.

The agsembly shall be heated by conductor current only, until the cable conductor reag¢hes a
steady temperature 5 Kto 10 K above the maximum conductor temperature in normal opefation.

The conductor temperature shall be maintained within the stated temperature limits for aﬁ least
2 h bdfore the first switching impulse voltage is applied. The temperature shall be mainfained
within|the above limits until the test is completed.

If, for practical reasons, the test temperature cannot be reached; additional thermal insdilation
can be applied.

The syitching impulse voltage shall be applied according to the procedure given in IEC 60230
with standard switching impulse withstand voltage levels according to Table 4, column 1.

The agsembly shall withstand, without failure.etéflashover, 10 positive and 10 negative vpltage
impulges.

12.4.7.2 Lightning impulse voltage-test followed by a power frequency voltage test

The agsembly shall be heated by\conductor current only, until the cable conductor reag¢hes a
steady temperature 5 Kto 10 Ksabove the maximum conductor temperature in normal opefation.

The conductor temperature.shall be maintained within the stated temperature limits for at least
2 h bdfore the first lightning impulse voltage is applied. The temperature shall be maintained
within|the above limits until the test is completed.

If, for practical-feasons, the test temperature cannot be reached, additional thermal insdilation
can be applied:

The lighthing impulse voltage shall be applied according to the procedure given in IEC §0230,
while the conductor temperature is within the limits stated above.

The assembly shall withstand without failure or flashover 10 positive and 10 negative voltage
impulses 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
voltage test at 2 U, for 15 min (see Table 4, column 9). At the discretion of the manufacturer,

this test can be carried out either during the cooling period or at ambient temperature.

No breakdown of the insulation or flashover shall occur.
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Examination

.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.

Additional guidance on the examination of cable and accessories is given in informative

Annex
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.2 Cables with a longitudinally applied metal tape or foil, bonded to the
oversheath

sample shall be taken from the U-bend part of the cable length and subjected to th¢
b.16.

Resistivity of semi-conducting screens

1 General

ne same manufacturing batch as the cable under test.

sistivity of extruded semi-conducting screens applied over the conductor and oy
ion shall be determined by measurements ontest pieces taken from the core of a
le as manufactured, and a sample of cable)which has been subjected to the
ent to test the compatibility of componentmaterials specified in 12.5.5.

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: 1000Q - m;
ulation.screen: 500 Q - m.

p tests

rement of resistivity of the cable semi-conducting scregns shall be made on sgmples

er the
mple
geing

ductor

12.5

Non-electrical type tests on cable and on cable components

12.51

General

The tests are as follows:

a) check of cable construction (see 12.5.2);

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

c) tests for determining the mechanical properties of oversheaths before and after ageing
(see 12.5.4);

d) ageing tests on pieces of cable to check compatibility of materials (see 12.5.5);

e) loss of mass test on PVC oversheaths of type ST, (see 12.5.6);

f) pressure test at high temperature for oversheaths (ST4, ST,, ST4, and ST,,) (see 12.5.7);
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g) tests for PVC and LSHF oversheaths (ST,, ST,, and ST,,) at low temperature (see 12.5.8);
h) heat shock test for PVC oversheaths (ST, and ST,) (see 12.5.9);

i) ozone resistance test for EPR insulation (see 12.5.10);
j) hot set test for EPR and XLPE insulations (see 12.5.11);
k) measurement of density for HDPE insulation (see 12.5.12);

I) measurement of carbon black content for black PE oversheaths (ST; and ST;)
(see 12.5.13);

m) test under fire conditions (ST4, 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).

12.5. 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, and\shall comply with the
requirements given in 10.4, 10.6 and 10.7.

12.5.3 Tests for determining the mechanical properties, of'insulation before and dfter
ageing

12.5.3.1 Sampling

Sampling and preparation of test pieces shalls be carried out in accordancqd with
IEC 6(0811-501:2012 and IEC 60811-501:2012/AMD1:2018.

12.5.3.2 Ageing treatment

The ggeing treatment shall be carried” out in accordance with IEC 60811-401 under 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 60811-501:2012 and,{EC 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 syecession, and

b) any suitable‘measuring instrument can be used, for example a micrometer.

12.5.3.4/ Requirements

The test 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 and
after ageing

12.5.4.1 Sampling

Sampling and preparation of test pieces shall be carried out in accordance with
IEC 60811-501:2012 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.
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12.5.4.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out in accordance
with IEC 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 can be used, for example a micrometer.
12.5.4.4 Requirements

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

12.5.9 Ageing tests for pieces of cable to check compatibility of materials
12.5.81 General

The ageing test on pieces of completed cable shall be carried out to check that the insujation,
the extruded semi-conducting screens and the oversheath are notyliable to detefiorate
excessively 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 calple as
descriped in IEC 60811-401.

12.5.5.3 Ageing treatment

The ageing treatment of the pieces of cable shall be carried out in an air oven, as descriped in
IEC 60811-401, under the following conditions:

— temperature: (10 £ 2) K abovetthe maximum conductor temperature of the cable in normal
operation (seexTable 1);

— duration: 7 x 24 h,
12.5.5.4 Mechanical tests

Test pieces of insulation and oversheath from the aged pieces of cable shall be prepargd and
subjegted to meehanical tests as described in IEC 60811-401.

12.5.9.5 , ( Requirements

Th P bat o P~ H ] £ 4 H| 4 . Al ] 4+ ] ft
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ageing and the corresponding values obtained without ageing (see 12.5.3 and 12.5.4) shall not
exceed the values applying to the test after ageing in an air oven given in Table 6 for insulations
and in Table 7 for oversheaths.

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

12.5.6.1 Procedure

The loss of mass test for ST, oversheaths shall be carried out as described in IEC 60811-409
under the conditions given in Table 9.

12.5.6.2 Requirements

The results shall comply with the requirements given in Table 9.
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12.5.7 Pressure test at high temperature on oversheaths
12.5.7.1 Procedure

The pressure test at high temperature for ST4, ST,, 8ST; and ST, oversheaths shall be carried
out as described in 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 can 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

reW&MﬁMﬂM&M&W@_&mdrel.
The metal sheath shall be supported so that it is not deformed during the test.

The tgst conditions given in the test method and Table 7 shall be used.

12.5.7.2 Requirements

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

12.5.8) Test for PVC oversheaths (ST, and ST,) and LSHF oyersheaths (ST,,) at Iqw
temperature

12.5.8.1 Procedure

The test at low temperature for ST, ST, and ST, oversheaths shall be carried out as desfribed
in IEC|60811-505 and IEC 60811-506, employing the test temperature given in Table 9.

12.5.8.2 Requirements
The rgsults of the test shall comply with the'requirements given in Table 9.
12.5.9 Heat shock test for PVC eversheaths (ST, and ST,)

12.5.9.1 Procedure

The heat shock test on«ST, and ST, oversheaths shall be carried out as described in
IEC 60811-509, the testtemperature 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 Table 9.

12.5.110..0zone resistance test for EPR insulation

12.5.10.1 Procedure

EPR insulation shall be tested for resistance to ozone using the sampling and test procedure
described in IEC 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 Table 8.

12.5.11 Hot set test for EPR and XLPE insulations

EPR 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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2 Measurement of density for 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 for black PE oversheaths (ST; and ST)

12.5.1

3.1 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
the pr

test assembly but shall be cooled in a desiccator, using the same procedure as_Us
bvious cooling stage (but with air or oxygen instead of nitrogen gas flow).

ed for

If theqe is an extruded semi-conductive layer applied to the oversheath, this“shall pot be

includ

12.5.1

The n

By ag
applic

12.5.14 Test under fire conditions

12.5.1

The tgsts in 12.5.14.2 shall be carried out on ST4, (LSHF) oversheath material.

The tgsts in 12.5.14.3 shall be carried out in accordance with the fire performance claim

the ca

12.5.1

12.5.1

The tgst according to IEC 60754-2 shall be carried out on the oversheath of the cable.

The rgsults_shall comply with the requirements given in Table 10.

12.5.1

bd in the test sample.

3.2 Requirements

bminal value of the carbon black content shall be (2,5 + 0,%) %:

htions not exposed to UV radiation in service.

4.1 General

ble, see Clause 6, item c).

[4.2 Tests on gases evolved during combustion of ST, (LSHF) oversheath
material

evolved-during combustion

4.2.2 Measurement of halogen content of gases evolved during combustion

reement between manufacturer and purchaser lower\values are allowed for gpecial

ed for

4.2.1 Determination of acidity (by pH measurement) and conductivity of gages

The value for the oversheath, H;, of the individual halogen content for each of the four halogens

F, Cl,

The v

Br, and I, shall be determined by carrying out the test according to IEC 60754-3.

alues for each of the four individual halogens, H;, and the sum of the values for the

oversheath for the four halogens, i.e. Y H;, shall comply with the requirements given in Table 10.
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12.5.1

12.5.1

4.3 Fire performance tests for the cable

4.3.1 \Vertical flame propagation test for single cable

The test under fire conditions in accordance with IEC 60332-1-2 shall be carried out on a sample
of completed cable. During the test, the determination of flaming droplets and particles shall be
carried out in accordance with IEC 60332-1-3.

The results for IEC 60332-1-2 shall comply with the requirements given in Table 10 and the
filter paper (IEC 60332-1-3) shall not ignite during the test duration.

If a fwwwwwwmw
carrie@ out. If both tests result in passes, the cable shall be deemed to have passed the

12.5.1

The tefst for vertical flame spread of vertically-mounted cables shall be carriedyout in accor
with IEC 60332-3-24, on samples of completed cable.

NOTE
betwee
materia

The rgsults shall comply with the requirements given in Tabl&.10.

12.5.1

The tg

carrie

The rgsults shall comply with the requirements given in Table 10.

12.5.1

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

cable.
mass

The w

be ca
Table

12.5.1

|4.3.2 Test for vertical flame spread of vertically-mounted cables

Higher performance to meet the requirements of IEC 60332-3-22 [8] or IEC 60332-3-23 [9] can be
h the purchaser and manufacturer. The fire performance level achieved depends on cable design as
performance.

4.3.3 Measurement of smoke density of cables burning under defined cond

i out in accordance with IEC 61034-2 on a sample of completed cable.

evolved during combustion of the non-metallic materials in the cable

Non-metallic components with a mass less than or equal to 1 % of the total non-m
heed not be testeds

culated aecording to IEC 60754-2 and shall comply with the requirements gi
10.

4.3.5 Measurement of halogen content of gases evolved during combustion

all be
test.

dance

agreed
well as

tions

st for measurement of smoke density of cables'burning under defined conditions slall be

4.3.4 Determination of acidity (by pH measurement) and conductivity of gages

of the
etallic

eighted values 'of pH and conductivity of the non-metallic components of the cabl¢ shall

en in

of

the non-metallic materials in the cable

The weighted value for the cable, Hi' , for the four halogens F, Cl, Br, and I, shall be determined
by carrying out the test according to IEC 60754-3 either:

— individually on each non-metallic component of the cable, and calculating the weighted value
for the cable, for each halogen, as described in Annex K, or

— on a sample representative of the cable construction prepared as described in Annex K, in
which case the result for each halogen shall be taken as the weighted value for the cable.

Non-metallic components with a mass less than or equal to 1 % of the total non-metallic mass
need not be tested.
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The weighted value for the cable, Hi' , for each of the four individual halogens and the sum of
the weighted values for the non-metallic components of the cable for the four halogens, i.e.
ZHi' shall comply with the requirements given in Table 10.

12.5.15 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 in Clause 6, item d) and
Clause 6, item g). The test is designed to meet the requirements for buried cables and is not
intended 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-and one
for the 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 for components of cables with a longitudinally applied metal tape orfoil,
bonded to the oversheath

The SJampIe shall be subjected to the following tests:

a) vidual examination (see Clause G.1);
b) adhesion strength of the laminated metal tape or foil (see<Clause G.2);

c) pegl strength of the laminated metal tape or foil (see Clause G.2).

The apparatus, test procedure and requirements shallkbe in accordance with Annex G.

13 Prequalification test of the cable system

13.1 |General and range of prequalification test approval

When| a PQ test has been successfully performed on a cable system, it qualifigs the
manufacturer as a supplier of cable-systems of the same family with the same or lower vpltage
rating$, as long as the calculated-nominal electrical stresses at the cable insulation scregpn are
equal fo or lower than for the ‘tested cable system.

The PQQ test shall be pérformed except:

— if gable 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 withl equal
or highencalculated electrical stresses on the conductor and insulation screens, in th¢ main
indulation part(s) and in boundaries of the accessories and of accessories of the|same
farmity;or

=

— if the manufacturer has fulfilled the requirements of an equivalent long-term test, on a cable
system at an equal or higher voltage rating with the same construction and accessories of
the same family, following a national or purchaser specification.

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
current prequalification shall be extended with this cable and/or accessory when the
requirements of 13.3 are all met.
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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 PQ test on this new complete cable system shall be performed by meeting all requirements
of 13.2.

The PQ test need only be carried out once unless there is a substantial change in the cable
system with respect to material, manufacturing process, design or design electrical stress
levels. A substantial change is defined as that which might adversely affect the performance of
the cable system. The manufacturer should provide a detailed case, including test evidence, if
modifications are introduced which are claimed not to constitute a substantial change.

It is rgcommended that a PQ test should use a cable with a large conductor cross-section in
order o cover thermo-mechanical aspects.

Prequhplification tests which have been successfully performed according to the\previous ¢dition
of this|standard are valid.

A list of PQ tests and EQ tests is given in Annex C.

A PQ pr EQ 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 gfficer,
or a PQ or EQ test certificate issued by an independent testlaboratory shall be acceptalple as
evidence of PQ or EQ testing. Such a certificate or report‘shall include details of the indopr test
arrandement or outdoor installation and shall specify-details of laying conditions and how the
cable pystem was installed.

For a nore detailed understanding of the need for a PQ or EQ tests, reference should bel made
to CIQRE TB 303 [6].

13.2 |Prequalification test on complete cable system
13.2.1 Summary of prequalification tests

The P test shall comprise thé electrical tests on the complete cable system with approximately
100 m|of full-sized cable, including at least one of each type of accessory. The minimum Jength
of fred cable between aceessories shall be 10 m. The sequence of tests shall be as follows:

a) hepting cycle voltage test (see 13.2.4);
b) lightning impulse voltage test (see 13.2.5);
c) exgmination/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
PQ tekfs”in 13.2. After repair of the test assembly the PQ tests can 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.

The test can be continued for prequalification of the cable 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 PQ test of the complete system is
considered to start after the repair.

13.2.2 Test voltage values

Prior to the PQ test of the cable system, the insulation thickness of the cable shall be measured
and the test voltage values determined, as stated in 8.4 and 12.4.1.
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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.

The test arrangement shall be representative of the installation design conditions, for example
rigidly fixed, flexible and transition arrangements, underground and in air. In particular, special
attention shall be paid to thermo-mechanical aspects of accessories.

Ambient conditions can vary between installations and during the test and are not considered
to have any major influence. The temperature limits of 8.1 do not apply.

If the cable system includes sections installed under different conditions (e.g. directly: puried
and infan air-filled chamber) then the manufacturer shall select one part of the cable-sysfem to
be us¢d for determination of cable conductor temperature. Temperatures shall e determined
at this| fixed position for the duration of the test. If a reference cable is usedfor-determination
of confductor temperature (see Annex A) then the reference cable shall be installed in condlitions
repregentative of the cable system under test.

13.2.4 Heating cycle voltage test

The agsembly shall be heated by conductor current only, untilthe cable conductor rea¢hes a
temperature 0 K to 5 K above the maximum conductor temperature in normal opefation.
Varialjle ambient conditions can require adjustment of the conductor current during the test.

The heating 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.

The heating shall be applied for at least 8:h. The conductor temperature shall be maintained
within|the stated temperature limits for atleast 2 h of each heating period. This shall be fo|lowed
by at least 16 h of natural cooling.

If, for practical reasons, the testemperature cannot be reached, additional thermal insdilation
can be applied.

test period of at least 8760 h. The cycles of heating and cooling shall be carried out af least
180 times. Heating'cycles with a conductor temperature higher than 5 K above the maximum
conduptor temperature in normal operation are considered valid. Up to a maximum of 10 gycles,
in which the period at high temperature is between 1 h and 2 h can also be counted a$ valid
cycles. At least 180 valid heating cycles, with applied voltage, shall be completed.

A volt}fe of 1,7 Uy and-heating cycles shall be applied to the assembly during the whole|of the

AS an xample—in-orderto-comphrwith-the-above-reguirements—if-the-heatingcvcles-are-aof 24 h
Al s y TEE bl e L A A AL L L bl v v M ey R I L o LR | J r AT

duration then 365 cycles (8 760/24) would be necessary. If cycles are of a longer duration then

a reduced number is permissible.

Interruption of the heating cycles or the test voltage is allowed during the test, however the
required minimum number of cycles shall be carried out irrespective of interruptions.

No breakdown shall occur.

Partial discharge measurements are recommended, to provide an early warning of possible
degradation and to enable the possibility of a repair before failure.


https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

IEC 62067:2022 © |IEC 2022 -41 -

13.2.5 Lightning impulse voltage test

The test shall be performed on the complete assembly or one or more cable samples, with a
minimum total active length of 30 m, cut from the assembly. The cable conductor temperature
shall be 0 K to 5 K above the maximum conductor temperature in normal operation and shall
be maintained within the stated temperature limits for at least 2 h before the first lightning
impulse voltage is applied. The temperature shall be maintained within the above limits while
the lightning impulse voltages are applied.

The lightning impulse voltage shall be applied according to the procedure given in IEC 60230,
except that the maximum front time is increased to 8 ps.

The tgst assembly or cable samples shall withstand without failure 10 positive and 10-nejgative
voltage impulses of the appropriate value given in 13.2.2.

13.2.60 Examination

The examination of the cable system (cable and accessories) and 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 EQ tests shall comprise the electrical part of the tesis on the complete cable system as
specifled in 13.3.2 and the non-electrical tests on the/cable as specified in 12.5.

For a nore detailed understanding of the need for\a’PQ or EQ tests, reference should belmade
to CIQRE TB 303 [6].

13.3.2 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 cable, of the already
prequalified cable system ‘or having minor changes from an already prequalified sign,
depending on the numbefof accessories involved. The test shall include at least one accg¢ssory
of eagh type that needs’/the extension of the prequalification. The accessories, if any} shall
already have been grequalified on a different cable system (with an insulation screen stress at
least gs high as the*value for the EQ test) or had minor changes from the prequalified design.
The tgst can bevperformed in a laboratory and not necessarily in a situation simulating the real
installation eonditions.

The nminimum total cable length shall be 20 m, not including that inside accessories. The
minimum length of cable between accessories shall be 5 m.

A bending test shall be carried out on the cable, according to 12.4.3, before the installation of
the accessories. The same diameter tolerances given in 12.4.3 shall apply.

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.

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.

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 1.
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Figure 1 — Example of EQ test arrangement for the prequalification of a system with
another joint, designed for rigid as well as’for flexible installation

With the exception of the provisions of 13.3.2.2 all the tests listed in 13.3.2.3 shall be dpplied

successively to the same sample.

The measurement of the resistivity of semi-eanducting screens, described in 12.4.9, shall be

made jon a separate sample from the sametwmanufacturing batch of cable.

13.3.2.2 Test voltage values

Prior tp the electrical EQ tests, the'insulation thickness of the cable shall be measured, and the

test voltage values determined ,as stated in 8.4 and 12.4.1.

13.3.2.3 Sequence of.the electrical part of the extension of prequalification tests

The s¢quence of the efectrical part of the EQ tests shall be as follows:

a) ingtallation-ef.the accessories that shall be carried out by the manufacturer;

b) partial discharge test at ambient temperature (see 12.4.4), to check the installation apd the
quplity‘of the installed accessories;

c) hebthrg-eyeletestwithout-voltage{see133-24);

d) tan & measurement, if the extension to prequalification is for the cable (see 12.4.5). This
test can 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
tests shall be carried out after the final cycle of item e) above or, alternatively, after the
lightning impulse voltage test in item h) below;

g) switching impulse test (required for U,, 2 300 kV, see 12.4.7.1);

h) lightning impulse voltage test followed by a power frequency voltage test (see 12.4.7.2);

i) partial discharge tests, if not previously carried out in item f) above;
additional tests for accessories (see Annex H);
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k) examination of the cable and/or accessories, as applicable, shall be carried out after
completion of the tests above (see 12.4.8).

13.3.2.4 Heating cycle test without voltage

The assembly shall be heated by conductor current only, until the cable conductor reaches a
temperature 0 K to 5 K above the maximum conductor temperature in normal operation.

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

The h:nfing shall be applied for at least 8 h The conductor temperature shall bhe 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 equalte_3( °C or
within|15 K of ambient temperature, whichever is the higher, but with a maximum.of.45 °C. The
condugtor current during the last 2 h of each heating period shall be recorded.

Heating cycles with a conductor temperature higher than 5 K above the"'maximum confductor
tempefrature in normal operation are considered valid.

The cycle of heating and cooling shall be carried out 60 times.

Interryption of the test is allowed, provided 60 complete heating cycles in total are completed.
Guidaphce concerning interruption of the test and the determination of valid heating cy¢les is
given |n Annex J.

14 Type test on cables

Cables will be type tested as part of a cable\system.

15 Type test on accessories

Accespories will be type tested'as part of a cable system.

16 Electrical test after installation (on-site tests)

16.1 |General

Tests [on new.installations (on-site tests) are carried out when the installation of the|cable
system has been completed. The tests carried out shall be in accordance with IEC 60060-3.

ADC o 4+l 4 4 PR H ry EWalEs) L A o | P + 4+ PR H 4 4["3
OUVTTSTITAaliT tTcot aLLulunTy U TU 2 altururT —arm AT TiourativiT teot alLuTunTytu—TU. are

recommended.

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

The use of very low frequency (VLF) and damped AC (DAC) waveforms for on-site tests are not
recommended, as further studies of these test methods are required.

16.2 DC voltage test of the oversheath

The electrical test after installation shall be carried out on the oversheath according to
IEC 60229:2007.
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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. The test cannot be carried out unless the oversheath has an
outer electrode, for example moist backfill or a conductive layer.

16.3 Tests using AC voltage
16.3.1 AC voltage test of the insulation

The AC test voltage to be applied shall be subject to agreement between the purchaser and the
manufacturer.

The w, i i i z and
300 Hg. In particular cases, the minimum frequency can be reduced to 10 Hz subject to
agreement between the purchaser and the manufacturer.

A voltage according to Table 12, column 4 shall be applied for 1 h, except in.cases whefe this
is not practicable, for example, for very long circuit lengths. In such cases the alternative lower
voltage according to Table 12, column 6 shall be applied for 1 h.

Alternatively, a voltage of U, can be applied for 24 h.

For ingtallations which have been in use, lower voltages than given in Table 12 and/or ghorter
duratipns can be used. Values should be negotiated, taking into account the age, enviropment,
history of breakdowns and the purpose of carrying out the‘test.

16.3.2 Partial discharge test

A parli]al discharge (PD) test under AC voltage,is recommended and can be carried put by
agreement between the purchaser and the manufacturer. Distributed PD measurements ¢an be
carriedl out along the cable route. Typical pass criteria for such measurements are no detgctable
PD frgm the cable system at 1,5 U, or.atthe test voltage, if lower. When applicable, the test

procedlure and pass criteria should _be agreed. The PD test can be carried out during the AC
voltagg test of the insulation (at the ‘'voltage used for that test) or as a separate test. PD) tests
shall not be considered to replacé,the AC voltage test of the insulation.

Table 1 — Insulating compounds for cables

Maximum conductor temperature

Insulating compound °c
Normal Short-circuit
operation (maximum duration 5 s)
Low d¢nsity'thermoplastic polyethylene (PE) 70 1302
High density thermoplastic polyethylene (HDPE) 80 1602
Cross-linked polyethylene (XLPE) 90 250
Ethylene-propylene rubber? (EPR) 90 250

a8 For PE and HDPE, a short-circuit temperature rise up to 20 K in excess of those shown can be acceptable with
suitable semi-conducting layers over the conductor and the insulation and by agreement between purchaser
and manufacturer.

b Only for cables with rated voltage U, <245 kV.



https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

IEC 62067:2022 © |IEC 2022

— 45—

Table 2 — Oversheathing compounds for cables

Oversheathing compound Abbreviated Maximum conductor
designation temperature in normal
operation

°C

Polyvinyl chloride (PVC) ST, 80

ST, 90

Polyethylene (PE) ST, 80

ST, 90

Low smoke halogen free (LSHF) STy, 90

Table 3 — Tan 6 requirements for insulating compounds for cables

Designation of compound (see 4.2) PE HDPE | EPR" | XLPE
Maximum tan & 1074 10 10 30 10
Table 4 — Test voltages
1¢ 2 3 42 52 62 72 82 92 102
Rate Highest | Value of | Voltage Partial Tan o Heating |Lightning| Voltage [Switching
voltage voltage U, for |test of 9.3|discharge | measure- cycle impulse | test after [ impulse
for equip-|qetermin- test of 9.2|_ment of | voltage | voltage | impulse | vqltage
ment ation of and 12.4.5 test of test of voltage tgst of
test 12.4.4 12.4.6 10.12, test of 12.4.7.1
voltages 12.4.7.2 | 12.4.7.2
and
13.2.5
U Un, Uy Volt- |Durazt” 1,5 U, U, 20U, 20,
ageb tion®
kV kV kV KV\| min kV kV kV kV kV kV
220 to P30 245 127 318 | 30 190 127 254 1 050 254 -

275 to p87 300 160 400 | 30 240 160 320 1 050 320 850

330 to B45 362 190 420 | 60 285 190 380 1175 380 D50

380 to §00 420 220 440 | 60 330 220 440 1425 440 1050

500 550 290 580 | 60 435 290 580 1550 580 1175

Subject to@greement between purchaser and manufacturer, the voltage test of 9.3 can be replaced by a fest at
lower|voltage and longer duration, even if the maximum stress in the insulation is lower than 30 kV/mm. Ho
the vqltagé level shall not be below 1,5 U, and the duration not longer than 10 h.

ever,

Test voltages for the voltage test after installation of 16.3 are given in Table 12.

2 If necessary, these test voltages shall be adjusted as stated in 12.4.1.

b A threshold limit of 27 kV/mm to 30 kV/mm should not be exceeded for some insulations (as specified by the
manufacturer), in order to avoid any possible weakening of the insulation prior to delivery which might later
cause a failure in service. At the voltage test of 9.3, for example for a rated voltage 330 kV to 500 kV, the
voltage is lowered, combined with a longer testing time in order to avoid too high stresses. For insulations
where a threshold limit is not a problem, the manufacturer can increase the test voltage and reduce the testing
time. However, the duration should be at least 30 min.

¢ For rated voltages not listed in column 1, see 8.4.
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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 | XLPE | ST, | ST, | ST, | ST, | ST,,

Check of cable construction
Applicable irrespective of insulation and oversheathing compounds
Water penetration test?

Mechanical properties
(Tensile strength and elongation at

break)

a) without ageing X X X X X X X X X
b) after ageing in air oven X X X X X X X X X
c) aftgr ageing of the complete cable X X X X X X X X X

(cdmpatibility test)
Pressyre test at high temperature - - - - X X \, X X
Behav|our at low temperature
a) cold elongation test - — - - X X — — X
b) cold impact test - - - - X X - — X
Loss of mass in air oven - - - - A X - — _
Heat shock test - — - - X X — — —
Ozone|resistance test - - X Z - - - - —
Hot sef test — — X X — — — — _
Measurement of density - X < - - - - - -
Carbon black content? - - — - - - X X -
pH valpe (12.5.14.2.1) — s — — — — — _ X
Condutivity test (12.5.14.2.1) - - - - - - - - X
Halogé¢n content (12.5.14.2.2) - - - - - - - - X

Key
x: thq test shall be applied
—: thd test shall not be applied

a8 Shpll be applied to those“designs of cable where the manufacturer claims that barriers to longitudinal water
penetration have been, included.

b Fof black oversheathsonly.
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Table 6 — Test requirements for mechanical characteristics of
insulating compounds for cables (before and after ageing)

ageing, expressed as a percentage of the latter.

Designation of compound (see Table 1) Unit PE HDPE XLPE EPR
Maximum conductor temperature in normal operation °C 70 80 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
Minimum elongation at break % 300 350 200 200
After dgeing in air oven
(IEC 6p811-401)
Treatnjent: temperature °C 100 110 138 135
tolerance K +2 2 *3 +3
duration h 240 240 168 168
Tensil¢ strength
a) | minimum value after ageing N/mm?2 - - - -
b) | maximum variation? % € - +25 +30
Elonggtion at break
a) | minimum value after ageing % 300 350 - -
b) [ maximum variation? %, - - 125 +30
a8 Variation: difference between the median value obtained after ageing and the median value obtained Without
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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, 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)
Treatnjent: temperature °C 100 100 100 110 110
tolerance K +2 +2 +2 2 +2
duration h 168 168 240 240 240
Tensil¢ strength:
a) | minimum value after ageing N/mm?2 12,5 12,5 — - 10,0
b) | maximum variation? % +25 +25 - - +30
Elonggtion at break:
a) | minimum value after ageing % 150 150 300 300 300
b) | maximum variation? % +25 +25 - - -
Pressyre test at high temperature
(IEC 6p811-508:2012 and IEC 60811-
508:2012/AMD1:2017)
Test tgmperature °C 80 90 - 110 110
Tolerapce K +2 +2 - +2 +2
Maximjum indentation % 50 50 - 50 50
a8 Vaiation: difference between the median valuetebtained after ageing and the median value obtained Without
ageing, expressed as a percentage of the latten
Table 8 — Test requirements for particular characteristics of
insulating compounds for cables
Designation of compound (see 4.2) Unit PE HDPE XLPE EPR
Ozone|resistance test
(IEC 60811-403)
Ozone|concentratign.(by volume) % - - - D,025
),E)OSO
Test dpration.without cracks h - - - 24
Hot settest
(IEC 60811-507)
Treatment: air temperature °C - - 200 250
tolerance K - - +3 +3
tensile stress N/cm? - - 20 20
Maximum elongation under load % - - 175 175
Maximum permanent elongation after cooling % - - 15 15
Density
(IEC 60811-606)
Minimum density g/lcm? - 0,940 - -
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Table 9 — Test requirements for particular characteristics of PVC

— 49—

and LSHF oversheathing for cables

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

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 -

Behavipur at low temperature?

Tests fo be carried out without previous ageing:

a) Cold elongation test on dumb-bells

(IEIC 60811-505)
test temperature °C -15 ~15 -15
tolerance K 2 2 H2
Requirement % 220 220 2P0
b) Cold impact test
(IEf 60811-506)
test temperature °C -15 -15 -15
tolerance K +2 +2 H2
Repuirement < no cracks no cracks no cfacks

Heat shock test

(IEC 6p811-509)

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

Requirement no cracks no cracks -

a2 Dug¢ to climatic conditions, national standards can require the use of a lower or higher test temperatureq.
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Table 10 — Test requirements for fire performance characteristics
of cables with PVC and LSHF oversheaths

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

Tests on ST,, (LSHF) oversheath material

pH value and conductivity tests (12.5.14.2.1)
(IEC 60754-2)

pH - - - 24,3
Conductivity | uyS/mm - - <10
Halogen content of gases (12.5.14.2.2)
(IEC §0754-3)
Value|for each of the 4 individual halogens (F, Cl, Br, 1) H, mg/g - - <2
Sum df values for the 4 individual halogens (F, CI, Br, I) > H, mg/g - - <5

Tests|for cable

Vertical flame propagation test for single cable (12.5.14.3.1)
(IEC 90332-1-2)

Distance between the lower edge of the top support and the onset of

. mm > 50 > 50 > 50
chprring

Lower extent of charring below the lower edge of the top support mm < 540 < 540 < 540

Test for vertical flame spread of vertically-mounted cables (12.5.14.3.2)
(IEC §0332-3-24)

Udper limit of char above bottom edge of burner m - - < 2,5

Smok¢ density test of cables (12.5.14.3.3)
(IEC §1034-2)

Ndrmalized transmittance (1/15) norm % - - > 60

pH value and conductivity tests (12.5.14.3.4)
(IEC §0754-2)

Weighted value for the non- pH - - - > 4,3

metallic materials in the
caple Conductivity | yS/mm - - <10

Haloggn content of gases evolved during combustion (12.5.14.3.5)
(IEC g0754-3)

Value for each of the 4 individual
Weighted values for nofn- halogens (F, Cl, Br, 1) H; mg/g - - <2
metallic materials in the

cable Sum of the values for the 4 individual
halogens (F, Cl, Br, I) yH | ™99 - - <5
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Table 11 — Cantilever operating load for insulators for outdoor terminations

Highest.voltage for Rated current
equipment
U, A
kV < 800 1000 to 1 600 2 000 to 2 500 23150
Maximum cantilever operating load in service and for which the insulator is designed
(= MML for composite insulators)
N
Termination installed < 30° from the vertical
| I | I | I | 1
> 170 to 245 625 2 000 800 2 000 1250 2 500 2 000 2600
= 300 1250 2 000 1250 2 000 1575 2500 2 500 2600
Key
Level | = normal load, Level Il = heavy load
For outdoor terminations operating at an angle > 30° to the vertical, the effect of termiination self-load should be
considered when selecting test load and procedure. The values given above correspond to vertical terminafions
that sHall be tested in a vertical position. If a tilted or horizontal termination is to béjtested vertically, then gn
equivalent force should be added to achieve the bending moment at the flange, caused by the weight of thg
terminption in its operating position. If a vertical termination is to be tested hotizontally, then the test load dan be
reducqd in the same manner.
NOTE| This table is derived from IEC 60137.
Table 12 — Test voltages for AC voltage test after installation
( 2 3 4 5 6 7
Test voltage for specgial
conditions
Value of U Preferred test voltage (when use of the preferrgd test
Highest for voltage_ of column 4 is| not
Rated
vollage volt?ge for | determination possible, see 16.3.1)
equipment of test Voltage test Voltage test
voltages after Multiplier after Multiplier
installation of installation of
16.3 16.3
[/ Ui Uy - - - -
KV KV kV kV x Uy kV x Uy
220 fo 230 245 127 216 1,7 180 1.4
275 fo 287 300 160 272 1,7 210 1,
330 fo 345 362 190 323 1,7 250 1,
380 to 400 420 220 374 1,7 260 1,2
500 550 290 435 1,5 320 1.1

A threshold electrical stress of 27 kV/mm to 30 kV/mm should not be exceeded for some insulations (as specified
by the manufacturer) in order to avoid a possible weakening of the insulation.
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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
access$ to the conductor to enable direct measurement of temperature.

In addition, the conductor temperature should be maintained within a restricted ‘tangq (5 K)
since the ambient temperature can vary over a wider range.

Although preliminary calibration on the cable under test or calculations_c¢an'be satisfacfory in
the firgt place, the variation of ambient conditions throughout the duration of the test caph lead
to devjations of the temperature of the conductor outside range.

Therefore, methods should be used in which the conductor temperature can be monitorgd 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 the reference cable) should be taken frgm the
same Jength as the cable used-for the main test loop.

A.2.2 Installation-of cable and temperature sensors

The calibration sheuld be performed on the reference cable which shall have a minimum Jength
of 5 m[ The length-should be such that the longitudinal heat transfer to the cable ends does not
affect the temperature in the centre 2 m of cable by more than 2 K.

bn the

gmperature sensors should be attached to the middle of the reference cable: one

O .l.‘. e exierna urrace or dire Vv under e externd urrace

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
can 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 can be put back. This can restore the thermal
behaviour of the reference cable.
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To prove a negligible heat transfer towards the cable ends, the difference between the readings
of TC4¢, TCyc 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, measurements being
performed on the hottest cable length (usually the middle length).

Dimensions in millimetres

IEC

Key
1 current inducing transformers 6 TC,. (conductor)
2 terminations 7 TC,. (conductor)
3 cable under test 8 TC,, (sheath)
4 reference cable (> 5 m) 9 TC,,. (conductor)
5 current*measuring transformers 10 TC, (sheath)

Figure A.1 — Schematic diagram of test set-up for
the reference loop and the main test loop
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Dimensions in millimetres
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conductor 5 flexible thermal jhsulating compound
semi-conducting screens 6 temperature sensor
insulation 7 cable oversheath

metal sheath

Figure A.2 — Example of an arrangement of the temperature sensors
on the conductor of the reference loop

Calibration method

libration should be carried out in-aidraught-free situation at a temperature of (20 + 1

Temp

temperatures simultaneously;

The ¢
TC. ¢
maxin

When

— CO

5) °C.

rature recorders should.be“used to measure the conductor, oversheath and afnbient

ble should be heated until the conductor temperature, indicated by temperature s
f Figure A.1, has.stabilized and reached a temperature between 5 K and 10 K abo|

um conductor temperature of the cable in normal operation, as given in Table 1.

stabilization has been reached, the following should be noted:

nducter temperature: average value at sensors TC,., TC,;, and TCs;

ensor
ve the

- oV

ersneatn temperature at position 1L,

— 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 main test loop 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;

— the reference cable 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 botl iuupb are—atastmitar tclllpclatuu:.

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

loop chn be considered to be representative for the conductor temperature of the energized test
loop.

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 togproeve that the two currents|are of
the same value throughout the duration of the test. The diffefence between the heating cyrrents
should be kept within £1 %.

The reference cable can be connected in seriesiwith 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 the calibration isto’determine the conductor temperature by direct measurement
for a diven current, within theltemperature range required for the test.

The clble used for calibration should be taken from the same length as the cable used for the
main test loop and the way of heating should be identical.

The installationiof cable and temperature sensors for the calibration should be as giyen in
Clausg¢ A.2.

The calilibration 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 [10], 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.

IEC 60287-1-1 can be used to determine the asymptotic temperature.

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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Annex B
(normative)

Rounding of numbers

When 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 remairurehanrged{rounding-dewn)-

If the figure in the last place to be retained is followed, before rounding, by 9, 87,6 ¢r 5, it
shall e increased by one (rounding up).

EXAMPLE

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
25,041 8 ~ 25,048 rounded to three decimal places
25,047 8 ~ 25,05 rounded to two decimal place$

25,041 8 ~ 25,0 rounded to one decimal place
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Annex C
(informative)

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

Type tests for cable systems are covered by Clause 12.

Table C.1 gives a summary and references for type testing of cable systems.

PQ tests of cable systems are covered by 13.1 and 13.2.
EQ tests for the extension of prequalification are covered by 13.1 and 13.3.
Table [C.2 gives a summary and references for prequalification testing of theése’cable sygtems.

Table [C.3 gives a summary and references for the extension of prequalification testing of{these
cable pystems.

Table C.1 — Type tests for cable systems

Item Test Clausep

a General 12.1

b Range of type approval 12.2

c Electrical type tests 12.4

d Test voltage values 12.4.1

e Bending test 12.4.3
Partial discharge test at ambient temperature 12.4.4

f Tan 6 measurement 12.4.5

g Heating cycle voltage test 12.4.6
Partial discharge test at ambient and at high temperatures (after final cycle in 12.4.4
item g above or aftenlightning impulse voltage test in item j below)

i Switching impulsevoltage test 12.4.7.

j Lightning impulse voltage test followed by power frequency voltage test 12.4.7.2

k Partial discharge tests at ambient temperature and at high temperature (if not 12.4.4
carried out after item g above)

| Additional tests for accessories Annex I

m Examination 12.4.8

n Resistivity of semi-conducting screens 12.4.9

o] Non-electrical type tests for cable components and on completed cable 12.5
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Table C.2 - PQ tests on cable systems

Item Test Clauses

a General and range of PQ test approval 13.1

b PQ test on complete cable system 13.2

c Summary of PQ 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 trghtrimgmputsevottagetest +3-25
h Examination 13.2.6

Table C.3 — EQ tests on cable systems

Item Test Clausep

a General and range of prequalification test approval 13.1

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

c Electrical part of the extension of prequalification tests on complete’cable 13.3.2
system

d Test voltage values 13.3.2.2

e Bending test without partial discharge test 12.4.3

f Partial discharge test at ambient temperature after\installation of the accessories 12.4.4
that are part of the test

g Heating cycle test without voltage 13.3.2.4
Tan 6 measurement 12.4.5

i Heating cycle voltage test 12.4.6

j Partial discharge test at ambient\and high temperatures (after final cycle in item i 12.4.4
above or after lightning impulse-voltage test in item | below)

k Switching impulse voltage fest 12.4.7.

| Lightning impulse valtage test followed by power frequency voltage test 12.4.7.2

m Partial discharge test at high temperature (if not carried out after item i above) 12.4.4

n Additional tests-for accessories Annex It

o Examination 12.4.8

p Resistivity of semi-conducting screens 12.4.9

q Non-electrical type tests on cable components and on completed cable 12.5
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Annex D
(normative)

Measurement method for resistivity
of semi-conducting screens

Each test piece shall be prepared from a 150 mm sample of 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.1). The insulation

screenrtestpiece strattbepreparedby Temoving attthecoverings from a sampte of ToT
Figurg D.2).
The procedure for determining the volume resistivity of the screens shall be as-follows.

Four s
to the
and tH

potentfial electrodes.

Connqg
to the
insula

The a

semi-conducting surfaces. The two potential electrodes, B and Cisshall be 50 mnmj
e two current electrodes, A and D, shall be each placed atdeast 25 mm beyo

ctions shall be made to the electrodes by means of suitablé clips. 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:

ssembly shall be placed in an oven preheated:to the specified temperature and, a

b (see

ilver-painted electrodes A, B, C and D (see Figure D.1 and Figure.D.2) shall be gpplied

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
screel|
at am
showr

The volume resistivity p in ohm’metres shall be calculated as follows:

a) co

Fcuit, the power of which shall not exceedZ100 mW.

and the thicknesses of the conductor screen and insulation screen shall be me§

in Figure D.2.

hductor screen:

3 chnx(DC —TC)><TC

Pc

he electrical measurements, the diameters over the conductor screen and inslilation

sured

bient temperature, each being(the average of six measurements made on the sample

21,

where!
o) is the volume resistivity _in ohm metres (Q - m)-

C r T ML v r LA A BRI L L AL \== vy
R. is the measured resistance, in ohms (Q);
L, s the distance between potential electrodes, in metres (m);
D. is the diameter over the conductor screen, in metres (m);
T, s the average thickness of the conductor screen, in metres (m).
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Dimensions in millimetres

Key
1 insulation screen B, C potential‘eleCtrodes
2 conductor screen A, D current_electrodes

Figure D.1 — Dimensions for preparation of samples
for measurement of resistivity of conductor screen

b) ingqulation screen:

Rixn'x(Dl—Ti)XY}
Py=
L

where:
pi | is the volume resistivity, in ohm metres (Q - m),

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

L; | is the distance between potential electrodes, in metres (m);

D;| is the diameter over the insulation screen, in metres (m);

T; | is theraverage thickness of the insulation screen, in metres (m).
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Dimensions in millimetres

2
1\
Cc
B
A IEC
Key
1 insulation screen B, C potential electrodes
2 conductor screen A, D currentcelectrodes

Figure D.2 — Dimensions for preparation of samples
for measurement of resistivity of insulation screen



https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

EA

- 62— IEC 62067:2022 © IEC 2022

Annex E
(normative)

Water penetration test

Test piece

A sample of cable at least 8 m in length which has not been subjected to any of the tests

descri

bed in 12.4 shall be subjected to the bending test described in 12.4.3.

An (8,
bendir

the centre of the length. This ring shall comprise all the layers external to the insulation s

Wherg
compr

If the d
contai
case,

D + 0,050) m length of cable shall be cut from the length which has been subjected
g test and placed horizontally. A ring approximately 50 mm wide shall be remoyve

the conductor is also claimed to contain a longitudinal water barrier) the ring
ise all layers external to the conductor.

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

to the
H from
creen.
shall

p shall
In this

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

readily
sealeq

Examples of such interfaces include

- wh
- wh
Arrang

to be
seals

The T
compd

test unless otherwise _specified.

E.2

The tybe shall be filled within 5 min with tap water at a temperature of (20 + 10) °C so th

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

en the cable only has a conductor barrier

en the interface is positioned between the oversheath and the metal sheath.

e a suitable device (see Figure Eu1) to allow a tube having a diameter of at least 1
blaced vertically over the expesed ring and sealed to the surface of the oversheat

esponse of certain barriers to longitudinal penetration can be dependent d
sition of the water«(€:g. pH, ion concentration). Normal tap water should be used

Test

Wwhere the cable exits the apparatus shall not exert mechanical stress on the cablel.

all be

0 mm
N. The

n the
or the

at the

heightl ofd¢he water in the tube is (1,0 £ 0,050) m above the cable centre (see Figure E.1).

The sample shall be allowed to stand for 24 h.

The sample shall then be subjected to 10 heating cycles. The conductor shall be heated by a
suitable method until it has reached a steady temperature 5 K to 10 K above the maximum
conductor temperature 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 |

The w

east 16 h of natural cooling.

ater head shall be maintained at (1,0 £ 0,050) m.
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No voltage being applied throughout the test, it is recommended to connect a reference cable
in series with the cable to be tested, the temperature being measured directly on the conductor
of this cable.

E.3 Requirements

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

Dimensions in millimetres

1 >
o
2 L
™) (=)
o)
d +
B I July
o
o
3

p
2
N

A

IEC

Key
1 water header tank d @10 mm minimum (inner)
2 vent s 50 mm approximately
3 cable P length = (8 000 + 50) mm

Figure Ei? — Schematic diagram of apparatus for water penetration test



https://iecnorm.com/api/?name=698279a42babc781d06ecf6025b03077

F.1

- 64 - IEC 62067:2022 © IEC 2022

Annex F
(normative)

Test for water penetration in the conductor

Test piece

A (4,0 £ 0,050) 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 full

sectio

h of the conductor shall be exposed at both ends of the test piece.

Cross-

Arrange a suitable chamber to enclose one end of the test piece. The chamber shall bg fitted

with ah air vent and a separate vertical tube, both of at least 10 mm internal-diameter,
headef tank to allow the application of a (1,0 £ 0,050) m head of water (see Figure F.1
chamber shall be sealed to the surface of the insulation screen. The sealwhere the cabl
the chamber shall not deform the insulation during the test.

The response of certain barriers to longitudinal penetration, can be dependent d
compgsition of the water (e.g. pH, ion concentration). Normalk tap water should be used
test upless otherwise specified.

F.2

The tybe shall be filled within 5 min with tap watér at a temperature of (20 £ 10) °C so th
height of the water in the tube is (1,0 + 0,050)-m above the cable centre (see Figure F.1).

The sample shall be allowed to stand for 11 days at ambient temperature.

F.3

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

Test

Requirements

with a
). The
b exits

n the
or the

at the
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Dimensions in millimetres

[

1000 +50

A
S

\Q/O IEC

Key O
1 water header tank Q
Y

air Jent

test|piece \\}

chamber Q)

S
¥
o

X
Figure F.1 — Schematic diagrar&{of apparatus for water penetration test in the conductor

o

full pore valve (optional)
intefnal diameter 2 10 mm

length = (4 000 + 50) mm

] QU 0~ W N

-

N
C)C)
A

O
D
\(OC)
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Annex G
(normative)

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

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, cracking or

tearin

G.2

G.21

j of the metal tape or foil, or buckling or crossing of the screen wires.

Adhesion and peel strength

General

Adhegdion and peel strength are defined as

where
F is
w is

In thg

Flw

he force (N);
he width of the tape (mm).

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
electri
delam
short-

case of an SD design (separate design — SD design with radial watertightnes
cal properties, managed.by different metal components), there is no concer
nation will alter the ele€ctric functionality of the screen. The cable can be operate

strength and peel strength*shall be high enough to preserve the laminate from foldin

buckli

In the
electri
canno
peelin

Ng.

case of ap;SscD design (separate semi-conductive design — SscD design with sep
cal and fadial watertightness properties with semi-conductive plastic-coated foil), t
I be_performed because the metal foil is so thin that it breaks during the adhe
g strength test.

radial
je the
nesion

s and
h that
d with

Circuit capability provided by the presence of the screen wires. However, the adhesion

g and

hrated
e test
ion or

NOTE

G.2.2

Examples of the different designs as described above can be found in IEC TR 61901 [1].

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 foil or
the weld of the metal tape, and two of them on the opposite side of the cable.

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.

S

Key
1 ove

2 met

3 grip

/ 2
Ta
/l:_:\

sheath

bl tape or foil

o7

Figure G.1 — Adhesion of metal tape or foil

The specimen should be held approximately vertically in the plane of the grips during th¢ test.

After 4
specin
distan
shall §

When
the la
record

G.2.3

A sample specimen of approximately 200 mm in length shall be taken from the cable ing

djusting the continuous recording device, the metal tape or foil shall be stripped fr
nen at an angle of approximately~180° and the separation continued for a su
Ce to indicate the adhesion strength value. At least one half of the remaining bonde
e peeled at a speed of approximately 50 mm/min.

the adhesion strength is-greater than the tensile strength of the metal tape or foil s
ter breaks before peeling, the test shall be terminated and the break point sh
ed.

Test: Peel'strength of overlapped metal foil

the ov
overla

m the
icient
d area

o that
all be

luding

erlapped portion of the metal foil. The test specimen shall be prepared by cutting only the

Fped portion from this sample as shown in Figure G.2.
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IEC

1 specimen

2 ove

3 met

The tqg
The a

The tg

Key
1 ove

2 met

sheath

bl foil or laminated metal foil

Figure G.2 — Example of overlapped metal foil

st shall be conducted in the same manner as described for the adhesion strengt
rangement of the test specimen is shown in Figure G.3.

st shall be performed on a total of three specimens.

&

IEC

sheath
bl foil or'taminated metal foil

=3

h test.

3 grip

G.24

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

streng

th F.... shall be determined for an increase in the spacing between the grips of a

min

t least

50 mm. A tensile testing machine with either a direct output for the minimum value or a graphical
output can be used. Figure G.4 and Figure G.5 give typical curves from a graphical output

machi

ne and indicate how they shall be interpreted.
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Minimum acceptable adhesion and peel strength forces are shown in Table G.1.
F)
Sample preparation

Steady state Sample end

Grip spacian

IEC
Figure G.4 — Typical strength versus grip spacing curve (1)
FA

Sample preparation Steady state Sample end

min

Grip spacinrg

IEC

Figure 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
CD SD SscD
Fmin
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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Annex H
(normative)

Additional tests for accessories

General

Annex H specifies the procedure for additional tests, which are either type tests or extension of
qualification tests for accessories for:

— joi
- ac
— ten
— ins
- ga

en

Acces
subjeq
exam
acces

Acces
as we|
compl
water.

The m|
under

Table

Nts with or without screen interruption;
cessories for cable screen interruption and/or earth connection;
minations with an insulated screen;

ulators for outdoor terminations;

Closure.
sories specified for installation in air only can be tested withoutithe water immersio|

le in terms of tunnel installation or any other risk of temporary exposure of jo
sories to water, should be considered in this case.

5 immersed terminations, when changing the insulating gas in_the:-cable connection

h test,

t to agreement between purchaser and manufacturer. The'risk of presence of wafer, for

nts or

| as in other situations. Accessories testeduwithout the water immersion test a
ant when used for buried installation or inkan environment with the risk of expo

anufacturer of the accessory shall provide a drawing in which all relevant features
this annex are clearly defined and‘identified.

H.1 lists the test procedurestfor different types of accessories.

sories tested with the water immersion test are €omipliant when used for instaIIatiO} in air

e not
ure to

tested
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Table H.1 — Test sequence

Joints without Joints with Terminations Insulators for Change of
screen or metal | screen or metal with an outdoor insulating gas
sheath sheath insulated terminations for gas
interruption interruption and screen immersed
and cable cable termination
accessories accessories
without a with a screen or
screen or metal metal
Test sequence sheath/screen sheath/screen
interruption interruption
(e.g. earth (e.g. earth
connection) connection
dind/or Cross
bonding
applications)
Clause H.3 Clause H.3 Clause H.4 Clause H.4.4 Clauge H.6
Subjectefd to
20 thermpal cycles b
with or without X X X - I
voltage
Water immersion
conditionling a a
(20 thermpal X X - - I
cycles)
DC voltape
withstandl test X X X - -
screen tq earth
DC voltape
withstandl test - X - - -
screen tq screen
Lightnind impulse
voltage Withstand X X X _ |
test screen to
earth
Lightnind impulse
voltage Withstand
— X - - 5
test screpn to
screen
Internal
— — - X 5
pressure|test
Cantilevgr o _ _ % i
load test
Examinafion X X X - -

Electrical tests

Leak rate test

2 Not qpplicable to accessories for installation in air. tested without water immersion.

b

Not applicable if the sheath sectionalizing insulation is external to the main body of the accessory, see H.4.1.

H.2 Range of approval

H.2.1

Range of approval for joints without screen or metal sheath interruption

When the test sequence according to this annex has been successfully performed for a joint
design without screen interruption, the type approval shall be considered as valid for all joints
without screen interruption for the same conductor size or smaller, embodying the same basic

design principles and the same materials tested at equal or lower test voltages.
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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.2.2 Range of approval for joints with screen or metal sheath interruption

When the test sequence according to this annex has been successfully performed for a joint
design with screen interruption, the type approval shall be considered as valid for all joints with
or without screen interruption for the same conductor size or smaller, embodying the same

baSIC docioan nrinain loc and tha comn paatariale tactad ot o Anial Ar oy ar valtaan ~ras s
STy orprco oo re—oar e atCroro tCotC ot o c oo oO—TovweT—v oragec—grouy .

Wherg approval is required for joint outer protection embodying entries for items“sdch as
bonding leads, the outer protection tested shall include these design features.

A sucgessful test on the joint outer protection with embodying entries will giverapproval tp 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 intérruption and/or earth
connection

When|the test sequence according to this annex has been successfully performed on a| cable
with sgreen or metal sheath interruption, the type approval shall be considered as valid|for all
cableg with screen or metal sheath interruption offered\by the same manufacturer, embodying
the same basic design principles, at an equal or lowervoltage group.

H.2.4 Range of approval for terminations with an insulated screen

When| the test sequence according to this annex has been successfully performéd for
termiuations with an insulated screen, -the type approval shall be considered as valid [for all
terminfations without an insulated screen, offered by the same manufacturer, embodying the
same pasic design principles, at ansequal or lower voltage group.

1~

H.3 | Tests of joints with.or without screen or metal sheath interruption ang
accessories for cable screen interruption and/or earth connection

H.3.1 Conditioning of sample for test

The tgst of joints;-cables with a metal sheath interruption and accessories for cable gcreen
interryption and/or earth connection, shall be applied to an accessory which has passed the
heating cyele.voltage test (see 12.4.6) or to a separate accessory which has undergone at least
20 thermal cycles according to 12.4.6 but without voltage applied.

If the accessory is not to be subjected to wet conditions in service (i.e. not directly buried in
earth or not intermittently or continuously immersed in water), the test in H.3.2 can be omitted.

H.3.2 Water immersion test

The assembly to be approved shall be immersed in water to a depth of not less than 1,0 m at
the highest point of the outer protection. Where desired, this can be achieved by using a header
tank connected to a sealed-off vessel containing the test assembly.

Additional voltage tests according to H.3.3 can be carried out before commencing the
heating/cooling cycles, at the discretion of the manufacturer.
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A total of 20 heating/cooling cycles shall be applied by raising the water temperature to within
15 K to 20 K below the maximum temperature of the cable conductor in normal operation. In
each cycle, the water shall be raised to the specified temperature, maintained at that level for
at least 5 h and then be permitted to cool to within 10 K above the ambient temperature. The
test temperature can be achieved by mixing the water with water of higher or lower temperature.
The minimum duration of each cycle of heating and cooling shall be 12 h and the duration for
raising the water temperature to the specified temperature shall be as much as possible the
same as the duration for cooling the water to within 30 °C or 10 K above the ambient
temperature, whichever is the higher.

H.3.3 Electrical tests

H.3.3/ General

For agcessories subjected to the water immersion test, voltage tests shall be caeried put on
completion of the heating cycles in water, with the test assembly still immersed. If it|is not
practi¢able to carry out the electrical tests whilst the assembly is still immersed in watgr, the
assembly can be removed from the water and the voltage tests carried out with a minimum of
delay.|In this case, earthing of the test object can be achieved by wrapping with a wet fabric,
or by ising a conductive coating applied over the entire exterior surface)of the test assembly.

For aqcessories without a water immersion, test earthing of the test object can be achieyed by
wrappjng with a conductive tape or mesh, or using a conductjve‘coating applied over the|entire
exterigr surface of the test assembly.

All acgessories shall be subjected to the tests in H.3/.3.2’and H.3.3.4. In addition, accesgsories
with al screen or metal sheath interruption shall also be subjected to the tests in H.3.3|3 and
H.3.3.p. In both cases the tests shall be carried<out in the order given below. All tests |in this
annex|shall be carried out at ambient temperature if not specified otherwise.

No br:rakdown of the test object shall occurduring any of the electrical withstand tests. Failure
or flaghover of a termination of the cablée-shall not be considered a failure of the test object.

H.3.3.2 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 edrthed exterior of the\test object.

H.3.3.B DC voltage withstand test between screen and screen

A test|voltage of25 kV DC shall be applied for 1 min between both sides of the metal scrgen or
sheath interruption of the test object.

H.3.3.|4 Lightning impulse voltage withstand test between screen and earth

A test voltage in accordance with Table H.2 shall be applied between the metal screens/sheaths
and the exterior of the assembly.

The testing procedure shall be performed in accordance with IEC 60230.
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Table H.2 — Lightning impulse voltage withstand test between screen and earth of joints

H

.3.3.p Lightning impulse voltage withstand test between screen and screen

with or without screen or metal sheath interruption and accessories for cable screen
interruption and/or earth connection

Rated lightning impulse voltage Lightning impulse level -
for main insulation? metal screen to earth
kV kV
1050 47,5
117510 1 425 62,5
1550 72,5
*— See Table 4, column 8.

Beforg the lightning impulse test between the metal screens/sheaths, the assembly shall be

removijed from the water, if applicable.
To test between parts, a test voltage in accordance with Table H.3 shall be applied.

The tgsting procedure shall be performed in accordance with IE€ 60230.

H.3.4 Examination

Taljle H.3 — Lightning impulse voltage withstand test between screen and screen of
joints with screen or metal sheath interruptionand accessories for cable scre¢n
interruption and/or earth connection

Rated lightning impulse voltage for Lightning impulse level — between
main insulation? parts
kV kV
1050 95
117510 1 425 125
1550 145
2 See Table 4, column 8.

The ekamination. of the accessories shall be done as stated in 12.4.8.1 and in additijon for

accessories_subjected to the water immersion test:

the decessory shall be examined with respect to the defined and clearly identified water-

prd tection barriers (see Clause H 1)
Ay 77

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 outer protections employing alternative designs and materials, there shall be no evidence
of water ingress or internal corrosion behind the defined water-protection barriers.
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H.4 Tests of terminations with an insulated screen

H.4.1 Conditioning of sample for test

The test of terminations with an insulated screen shall be applied to an accessory which has
passed the heating cycle voltage test (see 12.4.6) or to a separate accessory which has
undergone at least 20 thermal cycles according to 12.4.6 but without voltage applied. This
requirement can be omitted if the screen insulation is external to the main body of the
accessory, for example in the case of support insulators.

H.4.2 DC voltage withstand test between screen and earth

A test|voltage of 25 kV DC shall be applied for 1 min between the screen and earth.

H.4.3 Lightning impulse voltage withstand test between screen and earth

A test|voltage in accordance with Table H.4 shall be applied between the screen and eafth.
The tgsting procedure shall be performed in accordance with IEC 60230,

Table H.4 — Lightning impulse voltage withstand tests between screen
and earth of terminations with an insulated screen

Rated lightning impulse voltage Lightning impulse level —
for main insulation? metal screen to earth
kV kV
1050 47,5
1175 to 1425 62,5
1550 72,5
a8 See Table 4, column 8.

H.4.4 Examination

The examination of the accessories shall be done as stated in 12.4.8.1.

H.5 | Tests for insulators for outdoor terminations

H.5.1 Tests for ceramic insulators

H.5.1. General

One insutator of each type shall be subjected to the tests given in H.5.1.2 and H.5.1.3.
Alternatively, a certificate or test report can be provided, as acceptable evidence of testing as
specified in 12.2.

H.5.1.2 Internal pressure test

For insulators which will be pressurized in service, the type test pressure test shall be carried
out according to IEC 62155.

The requirements of IEC 62155 shall be met.
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H.5.1.3 Cantilever load withstand test
The cantilever load withstand test shall be carried out according to IEC 60137. The test load
for insulators designed for Level | and Level Il cantilever loads shall be in accordance with

Table 11. The test load for insulators designed for other cantilever loads shall be subject to
agreement between the purchaser and the manufacturer.

There shall be no evidence of damage (deformation, rupture or leakage).

H.5.2 Tests for composite insulators

H.5.2.14 General

One insulator of each type shall be subjected to the tests according to IEC 61462.as_given in
H.5.2.p and H.5.2.3. Alternatively, a certificate or test report can be provided, as{acceptable
eviderce of testing as specified in 12.2.

H.5.2.p Internal pressure test

For insulators which will be pressurized in service, the internal pressure test according to
IEC 61462 shall be carried out. The requirements of IEC 61462 shall’be met.

H.5.2.B Bending test

The bending test according to IEC 61462 shall be carried out for the declared MML value for
the ingulator, see Clause 7. The requirements of IEC 61462 shall be met.

H.6 | Tests for gas-immersed terminations'in case of changing insulating gas

H.6.1 General

The tgsts in H.6.2 and H.6.3 shall be _carried out in order to approve a design of gas imnjersed
terminfation for use with an alternative gas, to that used during a type test, in the|cable
conneftion enclosure.

In addition, the type test for the pressure test on the insulator, according to IEC 6227{1-209,
shall be carried out if the.design pressure of the insulator required for the alternative |gas is
highern than the design'pressure for which the insulator has previously been type tested.

The cpmpatibility) of new gases or gas mixture with the components, especially seals, |of the
cable [termination shall be considered to avoid the possibility of leaks developing in s¢rvice.
Other [technical aspects can require evaluation depending on the nature of the alternativge gas.

H.6.2| “FElectrical tests

H.6.2.1 Test assembly

The gas immersed termination shall be installed in a cable connection enclosure in accordance
with 8.6. There shall be at least 5 m of free cable between the gas immersed termination and
any other accessory. The termination shall be heated by conductor current for the tests in
H.6.2.3 and H.6.2.4.

H.6.2.2 Partial discharge test at ambient temperature

A partial discharge test shall be carried out at ambient temperature according to 12.4.4.

H.6.2.3 Impulse voltage tests

Impulse voltage tests shall be carried out according to 12.4.7.
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H.6.2.4 Partial discharge test at high temperature

A partial discharge test at high temperature shall be carried out according to 12.4.4.

H.6.3 Leak rate test

The leak rate type test on the insulator of a cable termination according to IEC 62271-209 shall
be carried out.

The requirements of IEC 62271-209 shall be met.
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Annex |
(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
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J.1

J.1.1

Annex J
(informative)

Guidance for type test on heating-cycle-voltage-test
interruption and cycle validity

Interruption of cycles during a heating cycle voltage test

Scheduled interruption of test

of the [test is scheduled, the interruption is made after ending of a complete heating _eycle
erruption period, the test is restarted by applying the test voltage together with thg start
ew heating cycle. Only complete applied heating cycles count towards|the repuired

the in
of a 1

number of heating cycles. Planning of interruptions to influence the outcome af’the test

allows

J.1.2

a) If the cause of a non-scheduled interruption is detected and corrected within 15 min

be

b) Mg
[Yo)
int
at
is

The interrupted heating cycle does not countitewards the required number of heating cy¢

J.2

Valid

Durinj‘the interruption, no heating cycles are applied to the cable system. As the internuption

d.

Non-scheduled interruption of test

treated as a controlled interruption of test, as detailed in{d.1.1.
re often, the delay is more than 15 min and the non-scheduled interruption takes

emperature less than or equal to 30 °C or within{15 K of ambient temperature, whig
he higher, but with a maximum of 45 °C.

Valid heating cycles

neating cycles are those forswhich:

there are no interruptions other than as given in J.1.2, item a);
test voltage, at the specified value, is applied continuously;

the temperatureof the cable conductor, at the start of the cycle and at the end
cycle, is withinthe range given in J.1.2, item b) above;

minimuny’value specified for at least the time specified;

the\ambient temperature is within the range specified;

there are records confirming the above points.

T

. After

is not

it can

place

mewhere during the heating cycle. In such a case, after clearing the cause pf the
erruption, the test should be restarted after the temperature of the conductor has relached

hever

es.

of the

the temperature of the cable conductor at the hot part of the cycle is at or aboye the
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Annex K
(normative)

Methods for determining the weighted value of halogen content
of the non-metallic materials in the cable

K.1 Calculating the weighted value for the cable when the halogen content of
individual non-metallic material is tested
Measure_the wnighf, e of each non-metallic material | per unit Inngfh of cable

The wgighted value for the halogen content of non-metallic materials in the cable, Hi' fo
halogen (i.e. F, Cl, Br, I), is calculated as follows:

Z(Hix w)

H = S

Wherg H; is the halogen content of the individual material of weight w,.

The s
the fo

K.2

r individual halogens (F, CI, Br, 1), i.e. ZH{, shall’be calculated.

Preparation of the test sample for-nmieasurement of halogen content o
sample representative of the non=metallic materials in the cable

A sample of length 15 mm to 25 mm ofthe cable shall be cut into small pieces after all
elements have been removed. The<sample shall be of sufficient length to give the re

weigh
3 mm.

The p

eces should be well.imixed and the test sample shall be taken from the mixture.

I each

]:m of the weighted values of the halogen content ef‘hon-metallic materials in the cable of

metal
quired

of test specimen. The cable- components shall be cut into small pieces no larggr than
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Norme internationale.
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des caractéristiques de performance revendiquées pour le cable;
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INTRODUCTION

Face aux développements majeurs dont ont fait I'objet les systémes de céables a isolation
extrudée destinés a des tensions supérieures a 150 kV, le Comité d'études (SC) 21 du CIGRE
a créé le Groupe de travail (WG) 21.03 en 1990. Les termes de référence du WG 21.03 étaient
"d'établir des recommandations pour les essais de type, les essais individuels de série et les
essais sur prélevements électriques, en étendant les tensions de I'lEC 60840:1988 a 400 kV et
de formuler des propositions pour les essais de préqualification/développement qu'il convient
d'effectuer au minimum".

Le WG 21.03 a indiqué que I'extension de I'lEC 60840 [2] aux tensions supérieures a 150 kV

néces-ii-nii- una considéaration-narticuhiora an raican dac fantauire ciivantc -
prrort o e o oTa e atro par oot e r e e Tt o S e oA tteuroSutv atitoT

1) cep cables constituent I'un des éléments essentiels des réseaux de transpert dt, par
copséquent, les considérations de fiabilité sont de la plus haute importance;

2) cep cables et leurs accessoires fonctionnent sous des contraintes électriques’ supérjeures
a gelles des cables de tensions jusqu'a 150 kV et, de ce fait, ont une marge-de sécurifé plus
restreinte par rapport a la performance intrinséque des liaisons par cables;

3) cep cables et leurs accessoires ont une épaisseur d'isolation plus’ forte que celle des
matériels jusqu'a 150 kV et sont donc soumis a des contraintes Ithermomécaniquefs plus
fontes;

4) la conception et la coordination des cables et de leurs accesspires deviennent plus difficiles
avec l'accroissement des niveaux de tension des réseaux:

Les recommandations du WG 21.03 ont été publiées dans.la brochure Electra n® 151 [3][[4] en
décembre 1993 et prises en compte par I'lEC en 1995Yors de la préparation de la prg¢sente
norme relative aux systemes de cables a isolation extrudée de tensions supérieures a 150 kV.
Néanmoins, I'|EC a estimé qu'il convenait de cQuvrir également le niveau 500 kV dans la
nouvelle norme. Lors de sa réunion de septembre 1996, le SC 21 du CIGRE a donc dréé le
groupé ad hoc 21.18 afin d'étudier I'extensjon* des recommandations initiales a la tensjon de
500 kY. Le comité d'études (CE) 20 de I'lEC a pris en compte les recommandations mjises a
jour lors de la préparation de la premiéréeédition de la présente norme.

Sur aVis du CIGRE, un essai de vjeillissement accéléré de longue durée a été introduit dans la
premigre édition afin de recueillit_des indications sur la fiabilité a long terme d'un systéme de
cable.|Cet essai, appelé "essai de préqualification", devait étre effectué sur le systéme complet
équipe du cable, des jonctions et des extrémités afin de démontrer la performance du sygteme.

En oufre, en aolt 1997)1le WG 21.09 du CIGRE a publié ses recommandations pour les "pssais
aprés [installation des'systémes de cables haute tension a isolation extrudée" dans la brgchure
Electra n°® 173 [5],Ces recommandations avaient également été prises en compte dans la
premig¢re édition‘de la présente norme; celles-ci indiquaient notamment qu'il convenait dféviter
de régliser les-essais sous tension continue sur l'isolation principale, car ces essais ¢taient
inefficaces_et dangereux.

Lors desa reunion en novembre 2004, fe CE 20 a décidé quitconvenait d'inciure dans la
prochaine révision de I'lEC 62067 les recommandations d'essai pour les cables extrudés HT
et THT, qui étaient en cours de préparation par le WG B1.06 du SC B1 (antérieurement
appelé SC 21). Ces recommandations ont été publiées dans le cadre de |la
Brochure thématique 303 [6] avant la réunion d'octobre 2006 du CE 20 qui a réaffirmé sa
position. Le CE 20 a pris en compte la Brochure thématique 303 dont elle a repris une grande
partie du contenu dans la présente norme. Les exigences d'essai de préqualification ont ainsi
fait I'objet de quelques modifications mineures, et la modification majeure concernait I'ajout de
I'essai d'extension de préqualification. Cet essai prend environ 25 % du temps nécessaire a
I'essai de préqualification complet.

La présente troisiéme édition de I'lEC 62067 a été élaborée dans le cadre des procédures de
revue et de mise a jour périodiques de I'lEC en tenant compte des progrés et développements
observés dans le secteur de I'énergie.

Une liste des références CIGRE applicables est fournie dans la bibliographie.
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CABLES D'ENERGIE A ISOLATION EXTRUDEE ET LEURS ACCESSOIRES

POUR DES TENSIONS ASSIGN\I’EES SUPERIEURES A 150 kV
(Um =170 kV) ET JUSQU'A 500 kV (Uy, = 550 kV) —
METHODES ET EXIGENCES D'ESSAI

1 Domaine d'application

Le pr

sent document specitie les methodes el exigences dessal relatives aux sysile

cableg d'énergie, aux cables a isolation extrudée et a leurs accessoires desting

install
500 k

Les e
condit|

btions fixes, pour des tensions assignées supérieures a 150 kV (U, = 170 k¥)-et j
(Uny, = 550 kV) compris.

xigences sont applicables aux cébles unipolaires et a leurs accessoires dan
ons d'installation et de fonctionnement courantes, mais ne sonf)pas applicable

cableq spéciaux et a leurs accessoires, tels que les cables sous-marins, pour lesquels

étre
partic

Les jo

écessaire de modifier les essais normalisés ou d'établir’ des conditions d
lieres.

hctions qui assurent le raccordement des cébles a.isolant extrudé aux cables isQ

papiell ne sont pas couvertes par le présent document.

2 R

bférences normatives

Les dgcuments suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou
de leyr contenu, des exigences du présent document. Pour les références datées,
I'éditign citée s'applique. Pour les références non datées, la derniere édition du docum

référe

IEC 6
génér.

IEC 6

hce s'applique (y compris les éventuels amendements).

060-1, Techniques des.essais a haute tension — Partie 1: Définitions et exig
hles

060-3, High-voltage test techniques — Part 3: Definitions and requirements for

testing (disponible en_anglais seulement)

IEC 60137, Traversées isolées pour tensions alternatives supérieures a 1 000 V

IEC 60228, Ames des cables isolés

es de
S aux
isqu'a

s des
S aux
| peut
'essai

és au

partie
seule
ent de

ences

n-site

IEC 60229:2007, Céables électriques — Essais sur les gaines extérieures extrudées avec
fonction spéciale de protection

IEC 60230, Essais de choc des cables et de leurs accessoires

IEC 60287-1-1, Céables électriques — Calcul du courant admissible — Partie 1-1: Equations de
I'intensité du courant admissible (facteur de charge 100 %) et calcul des pertes — Généralités

IEC 60332-1-2, Essais des cables électriques et a fibres optiques soumis au feu — Partie 1-2:
Essai de propagation verticale de la flamme sur conducteur ou céble isolé — Procédure pour

flamm

e a prémélange de 1 kW
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IEC 60332-1-3, Essais des cables électriques et a fibres optiques soumis au feu — Partie 1-3:
Essai de propagation verticale de la flamme sur conducteur ou cable isolé — Procédure pour la
détermination des particules/gouttelettes enflammées

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 cables montés en
nappes en position verticale — Catégorie C

IEC 60754-2, Essai 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 6(0/54- 3, Essai sur les gaz eémis lors de la combustion des matéeriaux prelevés sur
cableg — Partie 3: Mesure d'une faible teneur en halogene par chromatographie ionigue

IEC 60811-201, Céables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non miétalliques — Partie 201: Essais généraux — Mesure de ['épaisseur\de€s enveloppes
isolantes

811-202:2012, Céables électriques et a fibres optiques — Méthodes d'essai pour les

3talliques
IEC 60811-202:2012/AMD1:2017

IEC 6(0811-203, Cébles électriques et a fibres optiques~Méthodes d'essai pour les matiériaux
non miétalliques — Partie 203: Essais généraux — Mesure’des dimensions extérieures

IEC 60811-401, Cébles électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non miétalliques — Partie 401: Essais divers~=’ Méthodes de vieillissement thermjque —
Vieilligsement en étuve a air

IEC 60811-403, Cables électriques et afibres optiques — Méthodes d'essai pour les matériaux
non miétalliques — Partie 403: Essais’\divers — Essai de résistance a l'ozone sur les mélfanges

811-409, Cables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non miétalliques — Partie«409: Essais divers — Essai de perte de masse des enveloppes
isolantes et gaines thekmoplastiques

IEC 60811-501:2012, Cébles électriques et a fibres optiques — Méthodes d'essai pour les
matérfaux nomn—métalliques — Partie 501: Essais mécaniques — Détermination des propriétés
mécaniques-des mélanges pour les enveloppes isolantes et les gaines
IEC 60811-501:2012/AMD1:2018

IEC 60811-505, Cables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non métalliques — Partie 505: Essais mécaniques — Essai d'allongement a basse température
pour les enveloppes isolantes et les gaines

IEC 60811-506, Cables électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non métalliques — Partie 506: Essais mécaniques — Essai de choc a basse température pour
les enveloppes isolantes et les gaines

IEC 60811-507, Cébles électriques et a fibres optiques — Méthodes d'essai pour les matériaux
non métalliques — Partie 507: Essais mécaniques — Essai d'allongement a chaud pour les
matériaux réticulés
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IEC 60811-508:2012, Cébles électriques et a fibres optiques — Méthodes d'essai pour les
matériaux non métalliques — Partie 508: Essais mécaniques — Essai de pression a température
élevée pour les enveloppes isolantes et les gaines

IEC 60811-508:2012/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, Cébles électriques et a fibres optiques — Méthodes d'essai pour les
matériaux non métalliques — Partie 605: Essais physiques — Mesure du taux de noir de carbone

/ J ) e Il ] Il il | RS A B\
et ou ges Criargco Timricralcs udarls 1o TTeidadlilycos CIil DUITyCLUITyITTIC

IEC 6(0811-606, Cables électriques et a fibres optiques — Méthodes d'essai pour lés-mafiériaux
non megétalliques — Partie 606: Essais physiques — Méthodes de déterminatiorf |de la masse
volumfque

IEC 60885-3, Méthodes d'essais électriques pour les cables électriques—~ Partie 3: Méthodes
d'essgis pour la mesure des décharges partielles sur des longueursyde cables de puidsance
extruaés

IEC 61034-2, Mesure de la densité de fumées dégagées parvdes cables brilant dans des
conditfons définies — Partie 2: Procédure d'essai et exigences

IEC 61462, Isolateurs composites creux — Isolateurs “avec ou sans pression interngq pour
utilisation dans des appareillages électriques de tensions nominales supérieures a 1 000 V —
Définitions, méthodes d'essais, critéres d'acceptation et recommandations de conceptiof

IEC 62155, Isolateurs creux avec ou sans pression interne, en matiere céramique ou en|verre,
pour UWtilisation dans des appareillages gpréevus pour des tensions nominales supériegyires a
1000|V

IEC 62271-209, Appareillage a ;haute tension — Partie 209: Raccordement de cébleg 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 $ec ou
remplie d'un fluide

3 Termes et définitions

Pour Ies beseins du présent document, les termes et définitions suivants s'appliquent.

L'ISO [etV1EC tiennent a jour des bases de données terminologiques destinées a étre ut|lisées

I i Le lal ol H 4
en normrantsatro, constultapesS atXaaresses sutvantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1 Définitions de valeurs dimensionnelles (épaisseurs, sections, etc.)

3.11
valeur nominale
valeur utilisée pour dénommer une grandeur et qui est souvent indiquée dans les tableaux

Note 1 a l'article: Généralement, dans le présent document, les valeurs nominales correspondent aux valeurs a
vérifier par mesurage, en tenant compte des tolérances spécifiées.
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3.1.2

valeur médiane

lorsque plusieurs résultats d'essai ont été obtenus et classés dans l'ordre croissant (ou
décroissant), valeur centrale de la série si le nombre de valeurs disponibles est impair et
moyenne arithmétique des deux valeurs centrales de la série si le nombre est pair

3.2 Définitions relatives aux essais

3.21

essai individuel de série

essai effectué par le fabricant sur chacun des composants fabriqués (longueur de céble ou
accessoire) afin de vérifier gue le composant satisfait aux exigences spécifiées

3.2.2
essailsur prélevements
essai effectué par le fabricant sur des échantillons de cable complet ou sur_des”’compgsants
prélevigs sur un cable ou accessoire complet, a la fréquence spécifiée, afimde vérifier gue le
produit fini satisfait aux exigences spécifiées

3.2.3
essailde type
essai egffectué avant la livraison, sur une base commerciale générale, d'un type de systéme de
cable |couvert par le présent document afin de démontrer-'que ses caractéristiqups de
performance répondent a l'application prévue

Note 1 f I'article: Les essais de type sont de telle nature qu'aprés/avoir été effectués, il n'est pas nécessairg de les
répéter| sous réserve que les matériaux, la conception ou leprocédé de fabrication du cable ou des accgssoires
n'aient pubi aucune modification susceptible de modifier leuts,caractéristiques de performance.

3.24
essailde préqualification
essai[PQ

essai effectué avant la livraison, sur une base commerciale générale, d'un type de systéme de
cable [couvert par le présent document afin de démontrer que ses performances a long|terme
sont sptisfaisantes

3.2.5
essai|d'extension de préqualification
essai[EQ

essai effectué avant laJlivraison, sur une base commerciale générale, d'un type de systéme de
cable [couvert par<de présent document afin de démontrer que ses performances a long|terme
sont sptisfaisantes en s'appuyant sur un systeéme de cable déja préqualifié

3.2.6
essai[électrique aprés installation

essai sffectue | . sorited e | A s Hati

Note 1 a I'article: Les éléments optiques intégrés, le cas échéant, sont soumis a I'essai sur demande de I'acheteur.
Les essais doivent étre définis par accord entre I'acheteur et le fabricant.

3.3  Autres définitions

3.31

systéme de cable

cable équipé de ses accessoires, y compris les composants utilisés pour la gestion des
contraintes thermomécaniques du systéme, mais limités a ceux utilisés pour les extrémités et
les jonctions
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3.3.2
gradient électrique nominal
gradient électrique calculé a Uy en utilisant les dimensions nominales

Note 1 a I'article: Les équations pour le calcul des gradients sont données a I'Article 6, point n).

Note 2 a l'article: Le gradient électrique est exprimé en kV/mm.

3.3.3

conception combinée
CD

conception d'écran métallique qui combine des propriétés d'étanchéité radiale a I'eau et des
propri€tés électriques

Note 1 p I'article: Les détails de la constitution sont donnés en 4.3.

Note 2 p l'article: L'abréviation "CD" est dérivée du terme anglais développé correspondant "eombined desjgn".

3.3.4
concegption séparée
SD
conception d'écran métallique qui utilise des composants métallique’s différents pour agsurer
les propriétés d'étanchéité radiale a I'eau et les propriétés électrigues

Note 1 h I'article: Les détails de la constitution sont donnés en 4.3.

Note 2 B l'article: L'abréviation "SD" est dérivée du terme anglais.développé correspondant "separate desig

-

3.3.5
concegption séparée semiconductrice
SscD
conception d'écran métallique qui posséde.des propriétés d'étanchéité radiale a I'eau pt des
proprigtés électriques distinctes, et. gui emploie une feuille a revétement plastique
semicpnducteur

Note 1 p I'article: Les détails de la constitution sont donnés en 4.3.

Note 2 [a ['article L'abréviation "SscD" est dérivée du terme anglais développé correspondant "sgparate
semi-cdnductive design".

3.3.6

sectign nominale de_I'ame

sectioh de I'ame du\eéble conformément a I'l'EC 60228

3.3.7

charge mécanique maximale

MML

chargc de—frexion |||éba||iquc ta piua ctevée qui peut etre appiiquéc auntsotateur—con pOSite

pour extrémités extérieures dans les conditions de service et pour laquelle l'isolateur est congu

Note 1 al'article: L'abréviation "MML" est dérivée du terme anglais développé correspondant "maximum mechanical
load".

3.3.8

pression de service maximale

MSP

différence la plus élevée entre la pression interne absolue maximale et la pression extérieure
lorsque I'équipement (dont fait partie un isolateur composite creux) est soumis au courant
normal assigné a la température de fonctionnement maximale et a la pression ambiante
normale

Note 1 a l'article: L'abréviation "MSP" est dérivée du terme anglais développé correspondant "maximum service
pressure".
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3.3.9

accessoire de cable avec interruption d'écran ou de gaine métallique

accessoire de cable ou I'écran/la gaine métallique et I'écran sur enveloppe isolante du cable
sont interrompus électriquement

3.3.10

jonction avec interruption d'écran ou de gaine métallique

jonction ou I'écran/la gaine métallique et I'écran sur enveloppe isolante du cable sont
interrompus électriquement

3.3.11

extré:l‘me—avevetm-ls-u-le' 8 & i &
extrémité ou I'écran/la gaine métallique et I'écran sur enveloppe isolante du cable sont|isolés

par rapport a la terre

4 Deé¢signations des tensions, matériaux et arrondissement desmiombres

4.1 |Tensions assignées

Dans |e présent document, les symboles U,, U et U, sont utilises pour désigner les tepsions
assigrlées des cables et accessoires. Ces symboles sont définisrdans I''EC 60183 [7].

4.2 |Matériaux pour enveloppes isolantes de cables
Le prégsent document s'applique aux cables isolés au moyen d'un des mélanges énumérés dans
le Tahleau 1. Ce tableau spécifie également, pouinchaque type de matériau pour enveloppe

isolanfe, les températures maximales de service de l'ame, sur lesquelles reposent les
conditjons d'essai spécifiées.

Il est [recommandé de dégazer les conducteurs du céble qui sont isolés par un systéme
d'isoldtion réticulé.

4.3 |Ecrans/gaines métalliques-pour cables

Le présent document s'applique aux différentes conceptions en usage. |l traite des concefptions
qui procurent une étanchéité radiale a I'eau, ainsi que d'autres constructions.

Dans |tous les casy,’/I'écran/la gaine métallique doit étre capable de satisfair¢ aux
caractéristiques de-court-circuit assignées de I'écran.

Les canceptions qui procurent une étanchéité radiale a I'eau comprennent principalement:

— leq gaines métalliques massives ou soudées en longueur;

— les feuilles ou rubans métalliques appliqués en longueur et contrecollés a la gaine
extérieure:

e CD: conception d'écran métallique qui comporte une feuille ou un ruban métallique avec
recouvrement soudé ou collé, qui transporte une partie ou la totalité du courant de court-
circuit de I'écran avec, si nécessaire, des fils métalliques qui transportent une partie du
courant de court-circuit;

e SD: conception d'écran métallique qui comporte une feuille métallique laminée (avec
revétement sur I'une ou les deux faces) pour assurer I'étanchéité radiale a I'eau, et des
fils métalliques pour transporter la totalité du courant de court-circuit de I'écran;

e SscD: conception d'écran métallique qui comporte une fine feuille de plomb ou
d'aluminium, dont la face extérieure est revétue de colle et la face intérieure de plastique
semiconducteur, superposée sur une couche de ruban semiconducteur, qui repose a
son tour sur une couche de fils de cuivre ronds;

NOTE Les définitions des conceptions CD, SD et SscD sont données en 3.3.3, en 3.3.4 et en 3.3.5.
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— les écrans composites, qui comportent une couche de fils et soit une gaine, soit une feuille
ou un ruban métallique contrecollé a la gaine extérieure qui sert de barriére d'étanchéité
radiale a I'eau (voir Article 5).

Lors du développement des cables et systemes de cables qui comportent une feuille ou un
ruban métallique appliqué en longueur et contrecollé a la gaine extérieure, les essais
spécifiés dans I'lEC TR 61901 [1] sont recommandés.

Les conceptions qui ne procurent pas d'étanchéité radiale a I'eau comprennent:

— les feuilles ou rubans métalliques non contrecollés a la gaine extérieure;

- un

e couche de fils métalliques uniquement.

4.4
Les eg
- ST
- ST

- ST
H4

Le ch
perfor
fonctid

Le Tableau 2 indique les températures maximales del'ame en service normal pour les diff]

types

S'il existe un risque que la gaine extérieure “se détériore sous l'effet des rayonnemen

celle-g
I'ache
carbo
rayon

NOTE 1
présent
Pour ce

NOTE 3
exempl

4.5

La prg

Matériaux pour gaines extérieures de cables

sais sont spécifiés pour les cing types suivants de gaines extérieures:
4 et ST, a base de polychlorure de vinyle (PVC);

5 et ST, a base de polyéthyléne (PE);

12 @ base de matériau sans halogéne a faible dégagement de.-fumee (LSHF, Low {
logen Free).

bix du type de gaine extérieure dépend de la conception du cable en fonctio
mances mécaniques, thermiques et de tenue au feu exigées pour son installation
nnement.

e matériaux pour gaines extérieures couverts par le présent document.

bmoke

n des
et son

Brents

ements UV.

Pour une installation a I'airdibre, par exemple dans des tunnels ou batiments, il est préférable que
e une tenue au feu et qulil soit construit avec des matériaux sans halogéene a faible dégagement de|
s applications, une gaine:extérieure de type ST,, (LSHF) peut étre appliquée.

Pour certaines “applications, la gaine extérieure peut étre recouverte d'une couche fonctionng
P, semiconductrice).

Arrondissement des nombres

cédure donnée a I'Annexe B doit étre appliquée a I'ensemble des nombres et v

emplo|

s UV,

i doit étre protégée contre les gayonnements UV, selon un commun accord avec
eur. Les gaines extérieures en PE de couleur noire qui contiennent le taux de rjoir de
e exigé, de qualité adéquate et bien dispersé (voir Tableau 5), sont protégées confre les

e cable
fumée.

lle (par

aleurs

€s“ou déterminés dans le cadre du présent document.

5 Précautions contre la pénétration d'eau dans les cables

Lorsque les systémes de cables sont installés dans le sol, dans des zones qui sont situées
dans l'eau ou qui présentent un risque de pénétration d'eau ou de corrosion, une barriére

d'étan

chéité radiale a I'eau est recommandée.

Des barrieres d'étanchéité longitudinales peuvent également étre appliquées afin d'éviter le
remplacement de grandes sections de cable en cas de détérioration due a la présence d'eau.

Un essai de pénétration d'eau longitudinale est décrit en 12.5.15.

NOTE

A ce jour, aucun essai n'est disponible pour la pénétration d'eau radiale.
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6 Caractéristiques du cable

Pour les essais du cable ou systéme de céble décrits dans le présent document et
I'enregistrement des résultats, le cable doit étre identifié.

Le fab

ricant doit déclarer les caractéristiques suivantes:

a) le nom du fabricant, le type, la désignation et la date de fabrication (date de la derniéere

ph

ase de production) ou le code de date;

b) la tension assignée: les valeurs de Uy, U, U,, doivent étre indiquées (voir 4.1 et 8.4);

NO
d) le
ca
po
as
I'lE
de
e) le

4.2
f) le
g) la
niy

. 1
et Tableau 2), les paragraphes du 12.5.14.3, le cas échéant, auxquels la confor
endiquée doivent étre indiqués;

type d'dme, son matériau constitutif et sa section nominale, exprimge en millin
rés; la constitution de I'dme; 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
C 60228, la résistance maximale en courant continu de I'Ame, rapportée a une lor
1 km et a 20 °C;

mélange isolant (défini dans le Tableau 1) et I'épaisseur nominale de l'isolation (¢
);
ype de procédé de fabrication du systéme d'istlation;

présence éventuelle et la nature des dispesitions prises pour assurer I'étanché
eau de I'écran;

ur I'écran/la gaine métallique:

constitution de I'écran métalligue, nombre et diametre des fils; le matéri
constitution et I'épaisseur neminale de la gaine métallique, de la feuille ou du
métallique appliqué en longueur et contrecollé a la gaine extérieure, le cas éc
Pour les cables qui comportent une feuille ou un ruban métallique appliqué en lor
et contrecollé a la gaine’extérieure, le type de construction CD, SD ou SscD;

la résistance maximale en courant continu de I'écran/la gaine métallique, rappo
une longueur de ¥ km et a 20 °C;

matériau (défini.en 4.4 et dans le Tableau 2) et I'épaisseur nominale de la gaine exté
le cas échéant, la nature et le matériau de la couche fonctionnelle semiconductrig

Hiametre-nominal sur ame (d);

Hiameétre extérieur nominal du céable (D);

TE La tenue au feu dépend de la conception du cable, ainsi que du matériau de la gaine extérieured.

hétres
prises
5 pour
me a
gueur

) (voir

ité au

les détails constitutifs de I'écran/la gaine métallique, par exemple matériau et

U, la
ruban
héant.
gueur

rtée a

rieure
e;

diameétre nominal intérieur (dii) et le diameétre nominal extérieur calculé (I

o) de

I'enveloppe isolante;

m) la capacité linéique, rapportée a une longueur de 1 km, entre I'ame et I'écran/la gaine
meétallique;

n) lavaleur calculée du gradient électrique nominal sur I'écran sur &me (E;) et celle du gradient

no

minal sous I'écran sur enveloppe isolante (E,):

20,
B0
dii xIn(D,o /dii)

- 20U,
° Dy ><In(Dlo /dii)
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Uy est la valeur déclarée au point b) ci-dessus en kV;

o = dyt+ 2

io  estle diamétre nominal extérieur calculé de I'enveloppe isolante, en mm;

est le diamétre nominal intérieur déclaré de I'enveloppe isolante, en mm;

est I'épaisseur nominale déclarée de I'enveloppe isolante, en mm;

0) la conception des éléments optiques intégrés, le cas échéant.

7

7.1

Les eixtrémités de cable immergées dans du gaz doivent étre congues,\conformén
I'"EC §2271-2009.

7.2

Cc

Les is

dans |g Tableau 11 pour une charge de flexion de service maximale de niveau | ou Il (o

dans
génér
une v

accord entre I'acheteur et le fabricant.

7.3

Pour |

I'enregistrement des résultats, I'accessoire doit étre identifié.

Le fabricant doit déclarer les caragtéristiques suivantes:

a) les

b)

c)

d)

co

un
do

leq connexions-qui conduisent du courant et qui sont utilisées dans les accessoires d

Aractéristiques des accessoires

Extrémités de cable immergées dans du gaz

Isolateurs pour extrémités de cable extérieures
blateurs pour extrémités de cable extérieures doivent satisfaire aux exigences ind

e cas d'isolateurs composites). Le niveau | correspond a la charge normale
lement étre appliqué, sauf si l'acheteur spécifie uné/charge lourde de niveau Il. A g
leur différente de charge de flexion de service;maximale (MML) peut faire I'objg

Caractéristiques des accessoires a déclarer

s essais du systéme de cable ou des accessoires décrits dans le présent docun

hformément a I'Article*6;

plan qui représentel'ensemble des éléments pertinents soumis a I'essai selon I'Ann
t étre fourni (voir-Article H.1);

ent a

quées
MML
t doit
éfaut,
t d'un

ent et

cables utilisés pour I€s,essais des accessoires doivent étre correctement identifiés,

exe H

oivent

étne correctement identifiées, pour I'dme comme pour I'écran/la gaine métdllique,

no
.

amment:

la-technique de montage employée;

le fypn lanuméro-de référence et tout autre moyen didentification du raced
+ t —t ALHR-S+ G rFet+efrehn —oLH—a U R—ataehRHHeaHoR—GH—I4a

rd de

connexion;

les détails de I'acceptation d'essai de type du raccord de connexion, le cas échéant;

les accessoires a soumettre a l'essai doivent étre correctement identifiés, en incluant

no

tamment:
le nom du fabricant;
le type, la désignation, la date de fabrication ou le code de date;

la tension assignée (voir Article 6, point b));

le type de matériau employé pour les moulages en caoutchouc qui constituent I'isolation

principale (par exemple, caoutchouc silicone ou caoutchouc éthyléne propyléne);
le type de matériau du fluide de remplissage diélectrique, le cas échéant;

le type de protection externe;
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si la conception comprend un arrét d'écran;

les instructions de montage (référence et date);

e) des exigences supplémentaires pour les extrémités immergées dans du gaz:

la pression de calcul pour I'extérieur de l'isolateur d'extrémité (voir IEC 62271-209);

le type de gaz isolant a utiliser dans I'enveloppe du raccordement de céble (SFg ou

détails de l'autre type de gaz);

si l'isolateur d'extrémité est apte a la livraison au fabricant de l'appareillage afin de
confirmer la compatibilité et les performances pour l'installation dans I'appareillage

avant livraison sur site (voir IEC 62271-209);

8 C

8.1
Sauf

si applicables, les mesurages exigés pour réaliser I'essai individuel de _sé
I'appareillage qui doit étre effectué sans le céble;

exigences supplémentaires pour les isolateurs composites pour extrémités extéri

la valeur MML pour les isolateurs composites (voir 7.2);

ie de

eures:

pour les isolateurs qui sont sous pression en service, la_fression de slervice

maximale (MSP);

5 exigences supplémentaires pour les isolateurs en matiére @éramique pour extr
érieures:

la charge de flexion de service maximale;

pour les isolateurs qui sont sous pression en service;-la pression de calcul.
bnditions d'essai

Température ambiante

spécification contraire dans la procedure d'essai applicable, les essais doivern

effectliés a une température ambiante de€4(20 £ 15) °C.

8.2
Sauf i

sont d

Essais a haute tension

bmités

t étre

hdication contraire dans le présent document, les essais a haute tension doivent étre
effectnlleés conformément a I'tEC 60060-1. Tous les essais a haute tension du présent doc

s essais de tenue.en tension.

Aucune "correctiontatmosphérique pour les essais a sec" (IEC 60060-1) ne doit étre app

aux vd

8.3

Les fo

leurs de tension d'essai spécifiées dans le présent document.

Forme-d'onde des tensions d'essai de choc

rmes d'onde des essais de tenue au choc de foudre et aux chocs de manocsuvre d

ument

liquée

oivent

étre conformes a I'lEC 60230.

8.4

Relations entre les tensions d'essai et les tensions assignées

Lorsque le présent document spécifie des tensions d'essai comme des multiples de la tension
assignée U, la valeur U, utilisée pour la détermination des tensions d'essai doit étre conforme

aux valeurs spécifiées dans le Tableau 4.
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Pour les cébles et accessoires dont la tension assignée ne figure pas dans ce tableau, la valeur
Uy utilisée pour la détermination des tensions d'essai peut prise selon la tension assignée
indiquée la plus proche, sous réserve que la valeur U, spécifiée pour le cable et I'accessoire
ne soit pas supérieure a la valeur indiquée dans le tableau. Dans le cas contraire, notamment
si la tension assignée n'est pas proche de I'une des valeurs indiquées dans le tableau, la valeur
Uy a partir de laquelle sont déterminées les tensions d'essai doit étre €gale a la valeur assignée,
a savoir U, divisée par V3. Les tensions d'essai associées doivent étre déterminées par calcul,
en utilisant les multiplicateurs indiqués dans le Tableau 4, ou par interpolation lorsqu'aucun
multiplicateur n'est donné.

Les tensions d'essai spécifiées dans le présent document ont été établies en retenant
I'hypothése que les cables et accessoires sont utilisés sur un systéme de la catégorie A, diéfinie
dans I[IEC 60183 [7].

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.

8.6 |Essais des extrémités immergées dans du gaz

Les egsais électriques des extrémités immergées dans du gaz.deivent étre effectués dams une
envelgppe du raccordement de cable du diamétre spécifié dans I'lEC 62271-209 selon la valeur
de tepsion assignée applicable. Les exigences de<{pression du gaz spécifiées| dans
I'"EC §2271-209 pour les essais de type électriques doivent également étre remplies.

9 Es$sais individuels de série des cables et des accessoires

9.1 |Généralités
Les egsais suivants doivent étre effectués sur chaque longueur de cable fabriquée:

a) espai de décharges partielles(voir 9.2);
b) espai de tension (voir 9.3);
c) espai électrique sur lagaine extérieure, s'il est exigé (voir 9.4).

L'ordré des essais est-laissé a I'appréciation du fabricant.

L'isolgtion principale des accessoires préfabriqués doit étre soumise aux essais individuels de
série e décharges partielles (voir 9.2) et de tension (voir 9.3), selon lI'une des varianteg 1), 2)
ou 3) ¢i-dessous:

1) sur Kisolation principale des accessoires préfabriqués montés sur le cable;

2) en utilisant un accessoire hote dans lequel le composant soumis a I'essai est inséré en
substitution du composant correspondant de I'accessoire hote;

3) en utilisant un dispositif de simulation de I'accessoire, dans lequel est reproduit
I'environnement électrique d'un composant de l'isolation principale.

Dans les cas 2) et 3), la tension d'essai doit étre choisie de fagon a obtenir des gradients
électriques au moins égaux a ceux appliqués au composant dans un accessoire complet soumis
aux tensions d'essai spécifiées en 9.2 et en 9.3.

L'isolateur d'une extrémité immergée dans du gaz doit également étre soumis aux essais
individuels de série décrits dans I'lEC 62271-209.
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Les isolateurs pour extrémités extérieures soumis a une pression gazeuse interne en service
doivent étre soumis a un essai individuel de série avec une pression conforme a I'lEC 61462
pour les isolateurs composites ou a I'lEC 62155 pour les isolateurs en matiére céramique.
Aucune défaillance ne doit se produire.

Les essais individuels de série ne s'appliquent pas 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 cable ou qui sont nécessaires au contrdle de la répartition des gradients électriques
dans l'accessoire. Les composants isolants prémoulés ou coulés en élastomére ou en résine époxyde, qui peuvent
étre utilisés de maniére isolée ou conjointe de fagon a assurer la reconstitution d'une enveloppe isolante ou d'un
écran dES acCcesSoITeS, CONStuent des eXempies.

9.2 |Essai de décharges partielles

L'essqi de décharges partielles doit étre réalisé conformément a I'lEC 60885-3pour les dables,
et la sfensibilité selon I'EC 60885-3 doit étre égale d'au moins 10 pC. L'essai.des accessoires
respec¢te les mémes principes, mais la sensibilité doit étre de 5 pC ou mieux!

La tension d'essai doit étre augmentée progressivement et maintenue|a 1,75 U, pendant 10 s,
puis ramenée lentement a 1,5 U, (voir Tableau 4, colonne 5).

Il ne |[doit pas y avoir de décharge deétectable, supérieute a la sensibilité déclarde, en
provemance de I'objet a I'essai a 1,5 Uj,.

9.3 Essai de tension

L'essqi de tension doit étre effectué a la température ambiante en appliquant une ténsion
d'essdi alternative a la fréquence industriellex

La tension d'essai doit étre augmentée_progressivement jusqu'a la valeur spécifiée et dqit étre
maintgnue a cette valeur entre I'ame(et I'écran/la gaine métallique pendant la durée spécifiée,
commg cela est indiqué dans le Tableau 4, colonne 4.

Aucun claquage de I'enveloppe’isolante ne doit se produire.

9.4 |Essai électriqué sur la gaine extérieure du cable

Selon|accord entre\l'acheteur et le fabricant, la gaine extérieure du cable doit étre soumise a
I'essal électriqué/spécifié a I'Article 3 de I'lEC 60229:2007.

10 Efsais sur échantillons de cébles

10.1 Généralités

Les essais suivants doivent étre effectués sur des échantillons qui, pour les essais des points b)
et g) ci-dessous, doivent étre des longueurs complétes de cable sur touret, représentatives de
lots:

a) examen de I'ame (voir 10.4);

b) mesurage de la résistance électrique de I'dme et de I'écran/la gaine métallique (voir 10.5);
c) mesurage de I'épaisseur de I'enveloppe isolante et de la gaine extérieure (voir 10.6);

d) mesurage de I'épaisseur de la gaine métallique (voir 10.7);

e) mesurage des diameétres, si cela est exigé (voir 10.8);

f) essai d'allongement & chaud des enveloppes isolantes en XLPE et en EPR (voir 10.9);

g) mesurage de la capacité (voir 10.10);
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h) mesurage de la masse volumique des enveloppes isolantes en PEHD (voir 10.11);

i) essai au choc de foudre (voir 10.12);

j) essai de pénétration d'eau, si applicable (voir 10.13);

k) essais sur les composants de cables qui comportent une feuille ou un ruban métallique
appliqué en longueur et contrecollé a la gaine extérieure (voir 10.14).

10.2

Fréquence des essais

Les essais sur prélévements indiqués aux points a) a h) et k) en 10.1 doivent étre effectués sur
une longueur de cable prélevée dans chaque lot (fabrication en série) de cables de type et
section identiques, mais le nombre de longueurs doit étre limité a 10 %, arrondi au nombre

entier

Les eg

procéIures de contréle qualité fixées par accord. En I'absence d'un tel accord, Win ess

étre r
20 km
cables

10.3
Si I'é

le plus proche, du nombre total de longueurs stipulées dans tout contrat.

sais des points i) et j) en 10.1 doivent étre effectués a la fréquence indiquée dalns les

alisé pour les contrats qui portent sur une longueur de cable comprise entre 4
et deux essais doivent étre réalisés pour les contrats qui portent./surles longue
supérieures.

Répétition des essais

chantillon choisi échoue a l'un des essais répertoriés”a I'Article 10, de nod

échan

étre doumis aux essais auxquels I'échantillon initial &/ échoué. Si ces deux échan
supplémentaires satisfont aux essais, les autres cables\du lot dans lequel ont été préleV
échantillons doivent étre considérés comme étant“conformes aux exigences du p

docuni

n'étant pas conforme.

10.4

La co
consti

10.5

La lon
d'essd
12 h &
I'écrar
avoir
mesur

1 h dans un pain de liquide a température régulée.

illons doivent étre prélevés sur deux autres longueurs)de cable du méme lot et d

ent. Si lI'un des échantillons échoue a I'essai)le lot de cables doit étre considéré ¢

Examen de I'ame

ution déclarée, doit étre vérifiée par examen et par mesurage, lorsque cela est po

Mesurage de la résistance électrique de I'dame et de I'écran/la gaine métalliqu

gueur de cable (ouwiun échantillon prélevé sur celle-ci) doit étre placée dans Ig
i qui doit étre maintenu a une température raisonnablement constante pendant au
vant l'essai. En/cas de doute sur la coincidence entre la température de I'ame
/la gaine métallique et la température du local, la résistance doit étre mesurée
aissé le~cable dans le local d'essai pendant 24 h. A défaut, la résistance pet
e sur.un-échantillon d'ame ou d'écran/de gaine métallique conditionné pendant au

ai doit
km et
irs de

veaux
oivent
tillons
és les
Fésent
omme

hformité aux exigences de I'lEC'60228 relatives a la constitution de I'ame, ol a la

5sible.

e

local
moins
ou de
aprés
t étre
moins

La résistance en courant continu de Tdme ou de I'écran/la gaine métallique doit éfre rapportée
a une température de 20 °C et a une longueur de 1 km a l'aide des formules spécifiées dans
I''EC 60228:

— en appliquant les coefficients de température spécifiés dans I'lEC 60228 pour les ames ou
les écrans/gaines métalliques en cuivre ou en aluminium; ou

— en appliquant les coefficients de température spécifiés dans I'lEC 60287-1-1 pour les
écrans/gaines métalliques réalisés dans un matériau autre que le cuivre ou I'aluminium.

La résistance en courant continu, rapportée a 20 °C, de I'ame ne doit pas dépasser la valeur
maximale applicable spécifiée dans I'lEC 60228 ou, lorsqu'une valeur de résistance maximale
en courant continu de I'ame est déclarée a I'Article 6, point d), la résistance en courant continu,
rapportée a 20 °C, de I'ame ne doit pas dépasser la valeur déclarée.
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La résistance en courant continu, rapportée a 20 °C, de I'écran/la gaine métallique ne doit pas
étre supérieure a la valeur déclarée.

10.6 Mesurage de I'épaisseur de I'enveloppe isolante et de la gaine extérieure
10.6.1 Généralités

La méthode d'essai doit étre conforme a I'lEC 60811-201 pour I'enveloppe isolante. Pour la
gaine extérieure, la méthode d'essai conforme a [I'lEC 60811-202:2012 et a
I''EC 60811-202:2012/AMD1:2017 doit étre appliquée, excepté que pour les gaines dont la
surface sous-jacente n'est pas irréguliere, le mesurage peut étre effectué a l'aide d'un
micromeétre dont la touche sphérique a un rayon compris entre 2,5 mm et 3 mm. La précision
du migromeétre doit étre de £ 0,01 mm.

Chaqye longueur de cable choisie pour I'essai doit étre représentée par une<eprouvette
prélevge a une extrémité aprés avoir éliminé, si nécessaire, les parties qui '‘peuvert étre
endonmpmageées.

Les symboles suivants sont utilisés en 10.6:

t est I'épaisseur mesurée maximale, en mm,;

max

t est I'épaisseur mesurée minimale, en mm;

min

t est I'épaisseur nominale, en mm.

n

10.6.2 Exigences relatives a I'enveloppe isolante

N4

L'épaipseur mesurée minimale ne doit pas étre inférieure a 90 % de I'épaisseur nominal

tmin, = 0,90 mn
En oufre:
tmax ~ Imi
max min < 0,10
tmax
tmax ©F fmin doivent étre mesurées sur une seule et méme section de I'enveloppe isolantg.

L'épaipseur des\écrans semiconducteurs sur I'ame et sur I'enveloppe isolante ne doit pgds étre
comprjse dans T'épaisseur de I'enveloppe isolante.

10.6.3 “EXxigences relatives a la gaine extérieure du cable

L'épaisseur mesurée minimale ne doit pas étre inférieure de plus de 0,1 mm a 85 % de
I'épaisseur nominale:

tmin 2 0,85 m - 0,1

En outre, pour les gaines extérieures appliquées sur une surface pratiquement lisse, la
moyenne des valeurs mesurées arrondie a 0,1 mm prés ne doit pas étre inférieure a I'épaisseur
nominale.

Cette derniére exigence ne s'applique pas aux gaines extérieures appliquées sur une surface
irréguliere, par exemple sur les écrans métalliques constitués de fils et/ou de rubans ou sur les
gaines métalliques ondulées.
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10.7

10.7.1

Mesurage de I'épaisseur de la gaine métallique

Généralités

Si le cable comporte une gaine métallique constituée de plomb, d'alliage de plomb, de cuivre
ou d'aluminium, les essais suivants s'appliquent. Les feuilles appliquées a des fins d'étanchéité
radiale a I'eau uniquement sont exclues de ces essais.

Les symboles suivants sont utilisés en 10.7:

Imin

est I'épaisseur mesurée minimale, en mm;

In

10.7.2

10.7.2,

L'épai

0,1 mm a 95 % de I'épaisseur nominale:

L'épai
du fab

10.7.2.

Le md

diamétre compris entre 4 mm a 8 mm. La précision du micrométre doit étre de = 0,01 mm.

Le msg
prélev
soigne

de la gériphérie de la gaine, a aumoins 10 mm du bord de I'éprouvette redressée, en unn

de poi

10.7.2.3 Méthode de-l'anneau

Les m
plane

0,8 mim de largeur et de 2,4 mm de longueur. La touche sphérique ou la touche rectang

plane
étre d

UDt :'épa;occul IIUIII;IIO:U, CITTTTimTT.
Gaine constituée de plomb ou d'alliage de plomb
1 Généralités

5seur mesurée minimale de la gaine métallique ne doit pas étre inféfieure de p

tmin 2 0,95 m - 0,1

5seur de la gaine doit étre mesurée selon I'une des methodes suivantes, a la disq
ricant.

2 Méthode "a plat”

surage doit étre effectué a I'aide d'ungmicrometre a faces planes, de touche

surage doit étre effectué sur une éprouvette de gaine de 50 mm de longueur e
e sur le céble complet. ltéchantillon doit étre fendu longitudinalement,
usement redressé. Apres nettoyage de I'éprouvette, I'épaisseur doit étre mesurée

Ints suffisant pour s'assurer que I'épaisseur minimale est mesurée.

et une touche sphérique, soit une touche plane et une touche rectangulaire plg

doit éire appliquée sur la face intérieure de I'anneau. La précision du micromét
e +,0,01 mm.

us de

rétion

5 d'un

viron,

puis
e long
bmbre

esurages doivent étre effectués a l'aide d'un micrométre qui posséde soit une fouche

ne de
ulaire
e doit

Les mesurages doivent étre effectués sur un anneau de gaine, soigneusement prélevé sur
I'échantillon. L'épaisseur doit é&tre mesurée en un nombre de points suffisant sur la périphérie
de I'anneau pour s'assurer que I'épaisseur minimale est mesurée.

10.7.3 Gaine constituée de cuivre ou d'aluminium

Pour une gaine lisse en cuivre ou en aluminium, I'épaisseur mesurée minimale de la gaine ne
doit pas étre inférieure de plus de 0,1 mm a 90 % de I'épaisseur nominale:

tmin 20,9 tn - 0,1
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L'épaisseur mesurée minimale d'une gaine ondulée en cuivre ou en aluminium ne doit pas étre

inférie

ure de plus de 0,1 mm a 85 % de I'épaisseur nominale:

tmin 2 0,85 m - 0,1

Les mesurages doivent étre effectués a I'aide d'un micrométre dont les touches sphériques ont
un rayon de 3 mm environ. La précision du micrométre doit étre de + 0,01 mm.

Les mesurages doivent étre effectués sur un anneau de gaine de 50 mm de largeur environ,
soigneusement prélevé sur le cable. L'épaisseur doit étre mesurée en un nombre de points

suffisantsurla périnhérie de l'anneau pour s'assurer gue I'épaisseur minimale est mesu
Ld Ld L - Lg

rée.

10.7.4 Ruban meétallique pour conception CD

L'épai
I'épais

Les m
un ray

Les m

seur nominale:
20,91,

Imin

on de 3 mm environ. La précision du micrométre doit étre de £ 0,01 mm.

5seur mesurée minimale du ruban métallique ne doit pas étre infériéurée a 90|% de

psurages doivent étre effectués a I'aide d'un micrometre dont les touches sphériqules ont

bsurages doivent étre effectués sur un anneau deruban et de gaine extérieure de $0 mm

en un

de largeur environ, soigneusement prélevé sur le cable. L'épaisseur doit étre mesurée
nombﬂe de points suffisant sur la périphérie et aux extrémités latérales de l'anneay pour
s'assurer que I'épaisseur minimale est mesurée.

10.8
Si I'ac
mesur
10.9
10.9.1
L'échg

condit

Les é
réticul

Mesurage des diamétres

heteur exige que le diamétre du~gonducteur et/ou le diametre extérieur du cable
€s, les mesurages doivent étre effectués conformément a I'lEC 60811-203.

Essai d'allongement a-chaud des enveloppes isolantes en XLPE et en EPR
Procédure
ons d'essai Specifiées dans le Tableau 8.

rouvettes' doivent étre prélevées dans la partie de I'enveloppe isolante, ou le de
tiomest estimé étre le plus faible pour le procédé de réticulation utilisé.

10.9.2

Les ré

10.10

soient

ntillonnage et ("essai doivent étre effectués conformément a I'lEC 60811-507, dans les

jré de

—Exigences

sultats de I'essai doivent satisfaire aux exigences indiquées dans le Tableau 8.

Mesurage de la capacité

La capacité doit étre mesurée entre I'dme et I'écran/la gaine métallique a la température
ambiante, et la température ambiante doit étre enregistrée en méme temps que les données
d'essai.

La valeur mesurée de la capacité doit étre rapportée a une longueur de 1 km et ne doit pas
dépasser la valeur nominale déclarée de plus de 8 %.
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10.11
10.11.

Mesurage de la masse volumique des enveloppes isolantes en PEHD

1 Procédure

La masse volumique du PEHD doit étre mesurée selon la procédure d'échantillonnage et
d'essai spécifiée dans I'lEC 60811-606.

10.11.

Les ré

10.12

L'ess3
acces

Le mo|
I'ame
Si, pqg
dans |

La ten
I'EC 6
de I'an

Le cal
dans |

Aucun

10.13

Le cag
les ex

10.14

2 Exigences

sultats de I'essai doivent satisfaire aux exigences indiquées dans le Tableau 8.

Essai de tension de choc de foudre

i doit étre effectué sur un cable d'au moins 10 m de longueur, en echuaLt les
boires, la température de I'ame du cable étant comprise entre 5 K et 10 K au-dessus de
la température maximale de I'ame en service normal.

ntage doit étre chauffé par circulation de courant dans I'ame uniquement, jusqu'a
htteigne la température exigée.

e que

ur des raisons pratiques, la température d'essai ne peut pas étre atteinfe, un
calorifugeage supplémentaire peut étre appliqué. La températufe de I'ame doit étre maigtenue

es limites de température indiquées pendant au moins¢2 h

sion de choc de foudre doit étre appliquée, confarmément a la procédure spécifiég¢ dans
0230, apreés la période de chauffage de 2 h indiguée ci-dessus et lorsque la tempdrature

ne se situe dans les limites établies ci-dessus.

le doit supporter 10 chocs positifs et a~xt0chocs négatifs a la tension adéquate ingiquée

e Tableau 4, colonne 8, sans défaillance.
claquage de I'enveloppe isolanté'ne doit se produire.

Essai de pénétration d'eau

échéant, des échantillons doivent étre prélevés sur le cable, I'essai doit étre réalisé et

gences spécifiées«en 12.5.15 doivent étre remplies.

Essais des composants de cables qui comportent une feuille ou un ruban
métallique appliqué en longueur et contrecollé a la gaine extérieure

Pour |
contre
aux es

es cables qui comportent une feuille ou un ruban métallique appliqué en longu

leur et

collé a'la gaine extérieure, un échantillon de 1 m doit étre prélevé sur le cable et Joumis

sais et exigences du 12.5.16.

11 Essais sur échantillons d'accessoires

1.1

Essais des composants d'accessoire

Les caractéristiques de chaque composant doivent étre vérifiées par rapport aux spécifications
du fabricant d'accessoires, soit en consultant les rapports d'essai fournis par le fabricant du
composant considéré, soit en réalisant des essais internes.

Le fabricant de I'accessoire doit fournir une liste des essais a effectuer sur chaque composant
et préciser la fréquence de chaque essai.

Les composants doivent étre examinés par rapport a leurs plans. Il ne doit y avoir aucun écart
en dehors des tolérances déclarées.
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NOTE Comme les composants different d'un fabricant a l'autre, il n'est pas possible de définir des essais sur
prélevements communs pour ces composants dans le présent document.

11.2 Essais sur accessoire complet

Pour les accessoires dont l'isolation principale ne peut pas étre soumise aux essais individuels
de série (voir 9.1), les essais électriques suivants doivent étre effectués par le fabricant sur un
accessoire completement monté:

a) essai de décharges partielles (voir 9.2);

b) essai de tension (voir 9.3).

L' rdr dac PP o ot loiccd S 1o dicarAt:
[0} PO TS CoSarS oot iarsSt—oa ra UroorotroTT

NOTE |Les isolations rubanées et/ou moulées sur site sont des exemples d'isolations principales qui_ne sjont pas
soumisg¢s aux essais individuels de série.

Un acgessoire de chaque type stipulé dans le contrat doit étre soumis a ces gssais, si le gontrat
compqrte plus de 50 accessoires de ce type.

Si I'échantillon échoue a I'un des deux essais ci-dessus, deux autres-échantillons d'accessoires
du méine type stipulé dans le contrat doivent étre prélevés et soumis-aux mémes essais. [Si ces
deux ¢chantillons supplémentaires satisfont aux essais, les autres’accessoires du mémg type
stipulé dans le contrat doivent étre considérés comme étant*Conformes aux exigendes du
présemt document. Si I'un d'eux échoue, ce type d'accessoire stipulé dans le contrat ddit étre
considéré comme n'étant pas conforme.

12 Es$sais de type des systémes de cables

12.1 |Généralités

Les egsais spécifiés a I'Article 12 ont pourlobjet de démontrer le comportement satisfaisant des
systémes de cables.

Il n'est pas nécessaire de répéter les essais de type lorsque ceux-ci ont été réaliség avec
succes, sous réserve que lesmatériaux, le procédé de fabrication, la conception ou les njveaux
calculgs de gradient électrique du cable ou des accessoires n'aient subi aucune modification
susceptible de comprometire leurs caractéristiques de performance.

L'Ann¢xe C fournittles références des articles ou paragraphes a consulter dans le cadfe des
essaig de type surles systémes de cables.

Les extrémités de cable immergées dans du gaz doivent étre soumises aux essais dg type
conformément a I'lEC 62271-209, en plus des essais spécifiés dans le présent documer]L

Des essais de type électriques supplémentaires sont exigés dans I'lEC 62271-209 lorsque
I'isolateur d'une 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 Le présent document ne spécifie pas les essais pour les extrémités exposées sous des conditions
d'environnement, telles que les précipitations et/ou la pollution.

12.2 Périmétre de I'acceptation de type

Lorsque les essais de type ont été réalisés avec succes sur un ou plusieurs systémes de cables
de sections spécifiques, de tension assignée et constitution identiques, 'acceptation de type
doit étre considérée comme étant valable pour les systémes de cables qui relévent du domaine
d'application du présent document avec d'autres sections, tensions assignées et constitutions
si I'ensemble des conditions a) a h) suivantes sont remplies.
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Les essais de type qui ont été réalisés avec succés selon les éditions précédentes de la
présente norme restent valables si les conditions suivantes sont réunies:

a) le groupe de tension n'est pas supérieur a celui du ou des systémes de cables soumis aux
essais. Les systémes de cables du méme groupe de tension sont ceux dont les tensions
assignées ont la méme valeur U, tension la plus élevée pour le matériel, et les mémes

niveaux de tension d'essai (voir Tableau 4, colonnes 1 et 2) ;
b) la section nominale de I'dme n'est pas supérieure a celle du cdble soumis aux essais;

c) le cable et les accessoires ont la méme constitution ou une constitution similaire a celle du
ou des systémes de cables soumis aux essais.

Le et accessc =T-Wa¥a s—6ta constity =

et e procédé de fabrication de leurs enveloppes isolantes et écrans semiconducteu
idgntiques. Il n'est pas nécessaire de répéter les essais de type électriques~en
différences entre le type ou le matériau de I'dme ou du raccord de connexion, ‘ou dans les
coliches protectrices appliquées au-dessus de |'écran semiconducteursur enve¢loppe
isglante, ou sur l'isolation principale de l'accessoire, sous réserve queces différeng¢es ne
solent pas susceptibles d'avoir une incidence significative sur les résultats de I'essai| Dans
ceftains cas, il peut étre approprié de répéter un ou plusieurs des.€ssais de type (]'essai
d'gnroulement, I'essai de cycles de chauffage et/ou I'essai de compatibilité, par exemple);

d) la jvaleur du gradient électrique nominal et du gradient de tension de choc sur I'écrgn sur
anje du cable, calculée en utilisant les dimensions nominal€s du cable, ne dépasse pas de
plys de 10 % les gradients respectifs calculés pour le oudes systémes de cables solimis a
I'essai;

e) la jaleur du gradient électrique nominal et du gradient de tension de choc sur I'écrgn sur
enyeloppe isolante, calculée en utilisant les dimefisions nominales du cable, ne dgpasse
pap les gradients respectifs calculés pour le qu-les systémes de cables soumis a I'egsai;

f) leq valeurs du gradient électrique nominal et,du gradient de tension de choc, calculges en
utilisant les dimensions nominales, dans l'isolation principale de l'accessoire gt aux
interfaces entre cable et accessoire, ne dépassent pas les gradients respectifs cdlculés
polr le ou les systémes de cables soumis a l'essai;

g) le méme type de gaz ou mélange(de gaz et la méme pression sont utilisés pour I'enveloppe
du|raccordement de cable d'une extrémité immergée dans du gaz;

NOTE L'Article H.6 fournit les(exigences relatives a I'acceptation d'une extrémité immergée dans du gpz avec
un putre type de gaz.

h) unp extrémité immergée dans du gaz comporte la méme séparation isolante, le mémg¢ céne
déflecteur et le méme cable que ceux utilisés lors des essais de type, en tenant compite des
tolerances et des exigences applicables indiquées aux points a) a g) ci-dessus.

Il n'es} pas néeessaire de réaliser les essais de type des composants du cable (voir 12]5) sur
des éghantillons de cable de tensions assignées et/ou de sections d'dme nominales différentes,
sous fésefve' que les cables soient congcus dans les mémes matériaux et/ou qu'ils ai
és/selon le méme procédé de fabrication. Cependant, la répétition des ess

de I'écran semiconducteur sur enveloppe isolante 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 contrdle compétent,
ou un rapport de résultats d'essai établi par le fabricant 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 I'exécution des essais de type.

12.3 Récapitulatif des essais de type

Les essais de type doivent comprendre les essais électriques effectués sur le systéme de cable
complet, spécifiés en 12.4, et les essais non électriques appropriés effectués sur les
composants du cable et sur cable complet, spécifiés en 12.5.
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Les essais non électriques sur cable et sur les composants du cable sont répertoriés du
Tableau 5 au Tableau 10, qui indiquent les essais applicables a chaque matériau pour
enveloppe isolante et pour gaine extérieure. Les essais de tenue au feu, répertoriés dans le
Tableau 10, sont exigés uniquement si le fabricant souhaite revendiquer la conformité a ces

essais comme caractéristique particuliere de la conception du cable.

Les essais répertoriés en 12.4.2 doivent étre effectués sur un ou plusieurs échantillons de
cable, en fonction du nombre d'accessoires concernés.

Une longueur de cable suffisante doit étre soumise a I'essai d'enroulement du 12.4.2 a) afin de
permettre la construction d'un montage d'essai pour les essais du 12.4.2 c) a g) et pour l'essai

Y B W P N | orrn e n
dU 12.“".4 V), 1 Lds TUIITdAITL.

L'essqi de décharges partielles du 12.4.2 a) et les essais du 12.4.2 c) a g) doivent@étre rdalisés
sur un montage d'essai qui comprend au moins un échantillon de chaque type. d'accesqoire a
soumettre a I'essai. Les accessoires doivent étre montés sur un cable de maniere a obtenir une
longueur de cable libre (c'est-a-dire sans tenir compte du cable compris dans la longuepr des
acces$oires) entre accessoires adjacents d'au moins 5 m et une longueur'‘totale de cable libre
d'au moins 10 m.

Le megsurage de tan & en 12.4.2 b) peut étre effectué a I'ajde yJdu montage d'essai|décrit
ci-despus ou sur un échantillon de cable séparé, prélevé dans{eméme lot de fabrication| Dans
ce defnier cas, aucun essai d'enroulement n'est exigé sur le.cable, et les extrémités d'essai
peuvept étre différentes de celles utilisées pour les autres essais. La longueur totale def cable
libre dpit étre d'au moins 10 m. Pour les essais décrits en 12.4.2 c) a g), les accessoires doivent
étre montés aprés I'essai d'enroulement du cable.

Les cables et accessoires doivent étre montés,,conformément aux instructions du fabficant,
avec lgs qualités et quantités de matériaux fournis, lubrifiants éventuels compris.

La surface extérieure des accessoires doit'étre propre et séche, mais les cables et accesgsoires
ne doivent étre soumis a aucun typede conditionnement non spécifié dans les instructigns du
fabricant, qui est susceptible de medifier leurs caractéristiques électriques, thermiquyes ou
mécarniques.

Si le gysteme de cable a soumettre aux essais c) a g) du 12.4.2 comporte des jonctions}, il est
nécespaire de réaliser J'essai avec les protections externes en place.

Le mgsurage de la\résistivité des écrans semiconducteurs décrit en 12.4.9 doit étre effectué
sur un échantillon-séparé.

12.4 |Essais de type électriques sur systémes de cables complets

12.4.1L VNaleurs 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
prélevé sur la longueur du cable a soumettre aux essais, afin de vérifier que I'épaisseur
moyenne n'est pas trop élevée par rapport a 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 prises parmi les valeurs déterminées conformément
au 8.4 pour la tension assignée du cable.

Si I'épaisseur moyenne de l'enveloppe isolante dépasse la valeur nominale de plus de 5 %,
sans dépasser 15 %, la tension d'essai doit étre ajustée afin que le gradient électrique sur
I'écran sur ame soit égal a celui appliqué lorsque I'épaisseur moyenne de I'enveloppe isolante
est égale a la valeur nominale et que les tensions d'essai sont les valeurs normales spécifiées
pour la tension assignée du cable.
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L'épaisseur moyenne de I'enveloppe isolante de la longueur de cable utilisée pour les essais

de typ

e électriques ne doit pas dépasser la valeur nominale de plus de 15 %.

12.4.2 Essais et séquence d'essais

Les essais des points a) a i) doivent étre effectués selon la séquence suivante (voir également

12.3):

a) essai d'enroulement du cable suivi d'un examen visuel, lorsque cela est applicable (voir
12.4.3). Les accessoires doivent ensuite étre installés par le fabricant, puis un essai de

dé
b) msg

charges partielles est réalisé a la température ambiante (voir 12.4.4);

c) es
d) es

Le
ap
e) es
f) es
(vd
g) es
h) es
i) ex
ci-

Les te
confor

12.4.3
L'échd
d'un tq
axiale

Cecy

Le cyl

i-dessus (voir 12.4.8);

A-6-tvreirt24-6et42-3%

5ai 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 aprés le dernier cycle du point c) ci<dessus ou, a d
rés le point f) ci-dessous;

5ai de tension de choc de manceuvre (exigé si U, = 300 kV, voir 12.4.7.1);

ai de tension de choc de foudre, suivi d'un essai de tension a la fréquence indu
ir 12.4.7.2);

5ais supplémentaires des accessoires (voir Ahnexe H);

bmen du systéme de céble avec le cable etleés accessoires aprés réalisation des

résistivité des écrans semiconducteuts du cable (voir 12.4.9) doit étre mesurée
hantillon séparé. Aucun essai d'enrfoulement n'est exigé sur I'échantillon d'essai.

nsions d'essai doivent étre déterminées conformément au 8.4 et, si nécessaire, aj
mément au 12.4.1.

Essai d'enroulement

ntillon de cable doit étre enroulé autour d'un cylindre d'essai (par exemple, le ta
uret) a la température ambiante, sur un tour complet au moins, et déroulé sans rq
Une rotatienyde 180° doit ensuite étre appliquée a I'échantillon, en répétant I'opé

cle d'operations doit étre effectué trois fois au total.

ndré d'essai doit avoir le diamétre nominal suivant:

éfaut,

strielle

ais de décharges partielles, si ceux-ci n'ont pas‘éte effectués au point d) ci-dessys;

bssais

sUr un

Istées

mbour
tation
ration.

— pour les cables a gaine lisse en cuivre ou en aluminium:

36 (d + D);

— pour les cébles a gaine en plomb ou en alliage de plomb et les cables a gaine métallique
ondulée:

25 (d + D);

— pour les cables qui comportent une feuille ou un ruban métallique appliqué en longueur
(avec recouvrement ou soudé) et contrecollé a la gaine extérieure:

20 (d + D) pour les conceptions CD;
25 (d + D) pour les conceptions SD et CD + fils;

10 Dg pour les conceptions SscD;
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— pour les autres cables:
e 20 (d+ D);
ou:
d estle diamétre nominal de I'dme, en mm (voir Article 6, point j));
D est le diaméetre extérieur nominal du cable, en mm (voir Article 6, point k));
Dy est le diametre nominal de I'écran métallique, en mm.
Le diameétre du cylindre d'essai correspond au diametre nominal avec une tolérance de 0 %

a +5 %. Des diameétres d'enroulement inférieurs peuvent étre utilisés, a la discrétion du
fabricant

Pour :Fs cables qui comportent une feuille ou un ruban métallique laminé, un examen |visuel
doit éfre réalisé conformément a I'Article G.1, aprés avoir réalisé trois cycles d'enroulement.

12.4.4 Essais de décharges partielles

Les egsais doivent étre effectués conformément a I'lEC 60885-3, avec une sensibilité dé 5 pC
Ou migux.

La tension d'essai doit étre augmentée progressivement et maintenue a 1,75 Uy pendant 10 s,
puis ramenée lentement a 1,5 U, (voir Tableau 4, colonne &),

A température élevée, l'essai doit étre effectué surdeé “montage, la température de I'ame du
cable |étant comprise entre 5 K et 10 K au-dessus.de la température maximale de I'dme en
servicg normal. Le montage doit étre chauffé par eirculation de courant dans I'ame uniqugment.
La tenppérature de I'ame doit étre maintenue dans les limites de température indiquées pgndant
au mojins 2 h avant de procéder au mesuragée.des décharges partielles.

Si, pour des raisons pratiques, la -fempérature d'essai ne peut pas étre atteinfe, un
calorifugeage supplémentaire peut étre appliqué.

Il ne |[doit pas y avoir de décharge détectable, supérieure a la sensibilité déclarge, en
provemance de I'objet a I'essai-a 1,5 Uj,.

12.4. Mesurage de'tan ¢

L'échgntillon doitvétre chauffé par circulation de courant dans I'dme uniquement|et la
température de-l'ame est déterminée soit en mesurant sa résistance, soit par des capteprs de
température_placés a la surface de I'écran/de la gaine, soit par des capteurs de tempdrature
placéq surI'ame d'un autre échantillon du méme cable chauffé selon la méme méthode.

L'échantillon doit étre chauffé jusqu'a ce que Tame atteigne une température qui doit étre
comprise entre 5 K et 10 K au-dessus de la température maximale de I'ame en service normal.

Si, pour des raisons pratiques, la température d'essai ne peut pas étre atteinte, un
calorifugeage supplémentaire peut étre appliqué.

La température de I'ame doit étre maintenue dans les limites de température indiquées pendant
au moins 2 h.

La tan o doit étre mesurée sous la tension U, a la fréquence industrielle et & la température
spécifiée ci-dessus (voir Tableau 4, colonne 6).

La valeur mesurée ne doit pas dépasser la valeur indiquée dans le Tableau 3.
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12.4.6 Essai de cycles de chauffage sous tension

Le cable doit étre courbé en forme de U selon un diamétre inférieur ou égal a celui du cylindre
d'essai pour I'essai d'enroulement du 12.4.3. Le diamétre et les tolérances admises doivent
étre conformes aux spécifications du 12.4.3.

Le montage doit étre chauffé par circulation de courant dans I'ame uniquement, jusqu'a ce que
I'Ame atteigne une température de régime établi comprise entre 5 K et 10 K au-dessus de la
température maximale de I'ame en service normal.

Si, pour des raisons pratiques, la température d'essai ne peut pas étre atteinte, un
calorif; 3 } z fertHé

Le chauffage doit étre appliqué pendant au moins 8 h.

La tenppérature de I'ame doit étre maintenue dans les limites de température indiquées pgndant
au molins 2 h au cours de chaque période de chauffage. Le montage doit,ensuite étre Igissé a
refroiqir naturellement pendant au moins 16 h jusqu'a ce que I'ame atteigne une tempdrature
inférigure ou égale a 30 °C ou une température qui ne dépasse pas de plus de 1p K la
température ambiante, si celle-ci est supérieure, la température maximale étant fixée a §5 °C.
Le cotbirant qui circule dans I'dme doit étre enregistré pendant, les deux derniéres heufes de
chaqug période de chauffage.

Si le |cable subit des pertes diélectriques trop élevées a la tension d'essai, celd peut
compromettre le refroidissement. Dans des cas ex{rémes, cela peut méme empécher le
refroigissement de I'dme dans les limites de la ¥plage de températures spécifiep. Ce
compgrtement doit étre considéré comme étant un‘€chec de I'essai.

Les cycles de chauffage et de refroidissement\doivent étre réalisés 20 fois.

Pendgnt toute la période d'essai, une_{ension de 2 U, doit étre appliquée au montag¢ (voir
Tableau 4, colonne 7).

Les cycles de chauffage ou Jame atteint une température de plus de 10 K au-dessus| de la
température maximale de I'ame en service normal sont considérés comme étant valable

"2

Une irterruption de I'essai est admise pour autant que I'échantillon ait subi un nombre tgtal de
20 cygles de chauffage sous tension. L'Annexe J fournit des recommandations| pour
I'interquption de |'éssai et la détermination des cycles de chauffage valides.

12.4.7) Essais de tension de choc

12.4.7.1{ Essai de tension de choc de manceuvre

Pour les systémes, cébles et accessoires de tension U, 2 300 kV, le montage doit étre soumis
a un essai de tension de choc de manceuvre.

Le montage doit étre chauffé par circulation de courant dans I'ame uniquement, jusqu'a ce que
I'ame atteigne une température de régime établi comprise entre 5 K et 10 K au-dessus de la
température maximale de I'ame en service normal.

La température de I'ame doit étre maintenue dans les limites de température indiquées pendant
au moins 2 h avant d'appliquer la premiére tension de choc de manceuvre. La température doit
étre maintenue dans les limites indiquées ci-dessus jusqu'a la fin de I'essai.

Si, pour des raisons pratiques, la température d'essai ne peut pas étre atteinte, un
calorifugeage supplémentaire peut étre appliqué.
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La tension de choc de manceuvre doit étre appliquée conformément a la procédure spécifiée
dans I'lEC 60230 en utilisant les niveaux de tension de tenue au choc de manceuvre normalisés
indiqués dans le Tableau 4, colonne 10.

Le montage doit supporter 10 chocs positifs et 10 chocs négatifs, sans défaillance ni
contournement.

12.4.7.2 Essai de tension de choc de foudre suivi d'un essai de tension a la fréquence
industrielle

Le montage doit étre chauffé par circulation de courant dans I'ame uniquement, jusqu'a ce que
'ame patteig Ae 56 de—+réai 2 ; ; A5 o de la
tempé

ature maximale de I'ame en service normal.

La tenppérature de I'ame doit étre maintenue dans les limites de température indiquées pgndant
au mojins 2 h avant d'appliquer la premiére tension de choc de foudre. La température dqit étre
maintgnue dans les limites indiquées ci-dessus jusqu'a la fin de I'essai.

Si, pour des raisons pratiques, la température d'essai ne peut\pas étre atteinle, un
calorifugeage supplémentaire peut étre appliqué.

La tension de choc de foudre doit étre appliquée, conformément-a la procédure spécifiée dans
I'"EC 60230, lorsque la température de I'ame se situe dans les limites établies ci-dessus

Le moptage doit supporter 10 chocs positifs et 10 chogs negatifs a la tension adéquate ingiquée
dans Ie Tableau 4, colonne 8, sans défaillance ni contournement.

Aprés|l'essai de tension de choc de foudre, le-montage doit étre soumis a un essai de t¢nsion
a la fréquence industrielle, a 2 U,, pendant™45 min (voir Tableau 4, colonne 9). L'essdi peut

étre dffectué pendant la période de refroidissement ou a la température ambiante] a la
discréfion du fabricant.

Aucun claquage ni contournementine doivent se produire au niveau de I'enveloppe isolante.

12.4.8 Examen
12.4.8.1 Cable et accessoires

L'exarmen en visien'normale ou corrigée sans grossissement d'un échantillon disséqu{ et, si
possiljle, des dceessoires apres démontage ne doit révéler aucun signe de détérigration
(dégrgdation-électrique, fuite, corrosion ou rétraction nuisible, par exemple) susceptible de
compromettre les performances du systéme en service.

L‘Ann AT : ;IIfUIIIIdt;VU fUuIII;t dca ICUUIIIIIIallddtiUIID bup}J:elllclltd;IUD pUUI :lcl\alllcll du Céble
et des accessoires.

12.4.8.2 Cables qui comportent une feuille ou un ruban métallique appliqué en
longueur et contrecollé a la gaine extérieure

Un échantillon de 1 m doit étre prélevé sur la partie courbée en U de la longueur de cable et
soumis aux essais du 12.5.16.

12.4.9 Résistivité des écrans semiconducteurs
12.4.9.1 Généralités

La résistivité des écrans semiconducteurs du cable doit étre mesurée sur des échantillons
prélevés dans le méme lot de fabrication que le cable soumis a l'essai.
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La résistivité des écrans semiconducteurs extrudés, appliqués sur I'dme et sur I'enveloppe
isolante, doit étre déterminée en réalisant des mesurages sur des éprouvettes prélevées sur le
conducteur d'un échantillon de cable fabriqué, et sur un échantillon de cable qui a été soumis
au traitement de vieillissement spécifié en 12.5.5 pour évaluer la compatibilité des matériaux
constitutifs dans le cadre d'un essai.

12.4.9

La pro

.2 Procédure

cédure d'essai doit étre conforme a I'Annexe D.

Les mesurages doivent étre effectués a la température maximale de I'dme en service normal,

azx?2

12.4.9.

Avant
- éc
- éc
12.5
12.5.1
Les es

a) ex

b) es
vig

c) es
vig
d) es
m3

e) es

f) es
(vq

Brac
pPTeoT

3 Exigences

et aprés vieillissement, la résistivité ne doit pas dépasser les valeurs suivantes:
[an sur ame: 1000 Q- m;

fan sur enveloppe isolante: 500 Q - m.

Essais de type non électriques sur cable et sur les composants du cable
Généralités
sais sont les suivants:

bmen de la constitution du cable (voir 12.5.2);

ais de détermination des propriétés mécaniques des enveloppes isolantes avant et
illissement (voir 12.5.3);

ais de détermination des propriétés_ mécaniques des gaines extérieures avant et
illissement (voir 12.5.4);

ais de vieillissement sur éprouvettes de cables pour vérifier la compatibilif
tériaux (voir 12.5.5);

sai de pression a température élevée sur les gaines extérieures (ST4, ST,, ST, et
ir 12.5.7);

bais & basse température sur les gaines extérieures en PVC et en LSHF (ST,
12) (voir 12:6.8);

sai de choc thermique sur les gaines extérieures en PVC (ST et ST,) (voir 12.5.9

sai, dejrésistance a I'ozone des enveloppes isolantes en EPR (voir 12.5.10);

5ai de perte de masse sutnles gaines extérieures en PVC de type ST, (voir 12.5.6);

aprés
aprés
¢ des

ST,45)

BT, et

sadi.d'allongement & chaud des enveloppes isolantes en EPR et en XL PE (voir 12.5

A1);

k) mesurage de la masse volumique des enveloppes isolantes en PEHD (voir 12.5.12);

I) mesurage du taux de noir de carbone des gaines extérieures en PE de couleur noire (STy

et

ST;) (voir 12.5.13);

m) essai de tenue au feu (ST4, ST, et STy,) (voir 12.5.14);

n) essai de pénétration d'eau (voir 12.5.15);

0) essais sur les composants de cables qui comportent une feuille ou un ruban métallique

ap
12.5.2

pliqué en longueur et contrecollé a la gaine extérieure (voir 12.5.16).

Examen de la constitution du cable

L'examen de I'ame et les mesurages d'épaisseur de I'enveloppe isolante, de la gaine extérieure
et de la gaine métallique doivent étre effectués conformément au 10.4, au 10.6 et au 10.7 et
doivent satisfaire aux exigences applicables.
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12.5.3 Essais de détermination des propriétés mécaniques des enveloppes isolantes
avant et aprés vieillissement

12.5.3.1 Echantillonnage

L'échantillonnage et la préparation des éprouvettes doivent étre effectués conformément a
I''EC 60811-501:2012 et a I'lEC 60811-501:2012/AMD1:2018.

12.5.3.2 Traitement de vieillissement

Le traitement de vieillissement doit étre effectué conformément a I''EC 60811-401, dans les
conditions spécifiées dans le Tableau 6.

12.5.3.3 Conditionnement et essais mécaniques

Le cgnditionnement et le mesurage des propriétés mécaniques doivent~étre effectués
confomément a I'lEC 60811-501:2012 et a I'lEC 60811-501:2012/AMD1;2018, avgc les
exceptions suivantes:

a) il p'est pas obligatoire d'effectuer en succession immédiate les\ essais de traction sur
épfouvettes vieillies et non vieillies; et

b) todt instrument de mesure approprié peut étre utilisé, par exemple un micrométre.
12.5.3.4 Exigences

Les rgsultats des essais sur les éprouvettes vieillies(et* non vieillies doivent satisfaife aux
exigences indiquées dans le Tableau 6.

12.5.4 Essais de détermination des propriétés mécaniques des gaines extérieurep
avant et aprés vieillissement

12.5.41 Echantillonnage

L'échgntillonnage et la préparation,des éprouvettes doivent étre effectués conformément a
I''EC 60811-501:2012 et a I'lEC 60811-501:2012/AMD1:2018.

12.5.4.2 Traitement de vieilissement

Le trajtement de vieillissement doit étre effectué conformément a I''EC 60811-401, dahs les
conditjons spécifiées(dans le Tableau 7.

12.5.4.3 Conditionnement et essais mécaniques

Le cgnditionnement et le mesurage des propriétés mécaniques doivent étre efféctués
confoimément a I'lEC 60811-501:2012 et a I'lEC 60811-501:2012/AMD1:2018, avegc les
exceplions suivantes:

a) il n'est pas obligatoire d'effectuer en succession immédiate les essais de traction sur
éprouvettes vieillies et non vieillies; et

b) tout instrument de mesure approprié peut étre utilisé, par exemple un micrométre.
12.5.4.4 Exigences

Les résultats des essais sur les éprouvettes vieillies et non vieillies doivent satisfaire aux
exigences indiquées dans le Tableau 7.
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