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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SUBMARINE POWER CABLES WITH EXTRUDED INSULATION
AND THEIR ACCESSORIES FOR RATED VOLTAGES
FROM 6 kV (U,, = 7,2 kV) UP TO 60 kV (U, = 72,5 kV) —
TEST METHODS AND REQUIREMENTS

FOREWORD

1) The Intg¢rnational Electrotechnical Commission (IEC) is a worldwide organization for standardization|comprising
all national electrotechnical committees (IEC National Committees). The object of IEG. is fo promote
internafional co-operation on all questions concerning standardization in the electrical and €lectronif fields. To
this end and in addition to other activities, IEC publishes International Standards, Techhical Spgcifications,
Technidal Reports, Publicly Available Specifications (PAS) and Guides (hereafter) referred tp as “IEC
Publicafion(s)”). Their preparation is entrusted to technical committees; any IEC National’Committeq interested
in the [subject dealt with may participate in this preparatory work. International,) governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collabordtes closely
with the International Organization for Standardization (ISO) in accordance\with conditions detgérmined by
agreement between the two organizations.

2) The foral decisions or agreements of IEC on technical matters express,as nearly as possible, an ijpternational
consensus of opinion on the relevant subjects since each technicdl, committee has representatipn from all
interested IEC National Committees.

3) IEC Puplications have the form of recommendations for international use and are accepted by IHC National
Committees in that sense. While all reasonable efforts are miade to ensure that the technical confent of IEC
Publicafions is accurate, IEC cannot be held responsibléfor the way in which they are used |or for any
misintefpretation by any end user.

4) In ordey to promote international uniformity, IEC National Committees undertake to apply IEC Hublications
transpafently to the maximum extent possible in_their national and regional publications. Any |divergence
betweeh any IEC Publication and the corresponding national or regional publication shall be clearly Indicated in
the lattg

=

5) IEC its¢lf does not provide any attestation<of’ conformity. Independent certification bodies provide|conformity
assessinent services and, in some areasi.access to IEC marks of conformity. IEC is not responsiple for any
service$ carried out by independent céertification bodies.

6) All userns should ensure that they have’the latest edition of this publication.

7) No liabflity shall attach to IEC_ar.its directors, employees, servants or agents including individual gxperts and
membefs of its technical committees and IEC National Committees for any personal injury, property|damage or
other dpmage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of ‘the publication, use of, or reliance upon, this IEC Publication or any| other IEC
Publicalions.

8) Attentign is drawn~{o the Normative references cited in this publication. Use of the referenced pul]lications is
indispepsable for'the correct application of this publication.

9) Attentign is drawn to the possibility that some of the elements of this IEC Publication may be thg subject of
patent llights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 63026 has been prepared by IEC technical committee 20: Electric
cables.

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

FDIS Report on voting
20/1888/FDIS 20/1895/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://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.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it| contains colours which are considered to be useful for “the |correct
unders{anding of its contents. Users should therefore print this document pusing a
colour printer.
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INTRODUCTION

As a result of the growing demand for inter-array cables for offshore windfarms, IEC TC 20
decided to develop an International Standard for medium voltage submarine cable systems.

The worldwide mandate to reduce carbon emissions has stimulated major developments of
power production systems where the principal contribution comes from offshore wind farms.

Due to the location of these wind power generation systems, large amounts of submarine
cables are required to inter-connect individual power generating units (inter-array cable) and
to connect to the mainland (power export cable).

Many offshore wind farms have been built or are today under construction and there, pre plans
for even |more farms to be built in future. Although the focus is on wind farms,.'the|need for
cable conpnections to other types of offshore generation will increase. At this stage mpst of the
informatipn and expertise already available on cables for the connection to(the mairfland grid
can be fdund in CIGRE documents.

Requirements of this document are mainly based on IEC 60502-2, fEC 60840 and CJGRE TB
490, Redqommendations for testing of long AC submarine cablesiwith extruded insulation for
system \oltage above 30 (36) kV to 500 (550) kV. Referenges to the relevant dpplicable
mechanigal tests are taken from CIGRE TB 623, Recommendations for mechanical {esting of
submarirle cables.

A list of relevant additional references is given in the bibliography.
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SUBMARINE POWER CABLES WITH EXTRUDED INSULATION
AND THEIR ACCESSORIES FOR RATED VOLTAGES
FROM 6 kV (U,, = 7,2 kV) UP TO 60 kV (U, = 72,5 kV) —
TEST METHODS AND REQUIREMENTS

1 Scope

This document specifies test methods and requirements for power cable systems, cables with
extruded frsutatiomamnd-theiraccessoriesforfixed—submarime—instattations;forrated voltages

from 6 k\/ (U, = 7,2 kV) up to 60 kV (U, = 72,5 kV).

This dogument includes the electrical tests and the physical tests _on - mategials and
components as well as the specific mechanical tests that are applicable~tor submar|ne cable
systems.

The requjrements apply to armoured single-core cables and threge-core cables in cofbination
with thelr accessories, terminations and joints for usual éonditions of installgtion and
operatior], but not to special cables and their accessories, ‘such as submarine cpbles for
dynamic ppplications (i.e. for direct connection to a floating\structure), for which modifications
to the stgndard tests can be necessary or special test cenditions be devised.

This dogument is applicable to submarine cables installed in permanently sybmerged
conditions with water depths up to 250 m.

NOTE This document does not include accessorie§’shaving a mechanical function only, such as hpng-offs or
armour clamps.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content ¢onstitutes requirements of this document. For dated references, only the edition
cited applies. For undated.references, the latest edition of the referenced document (liencluding
any amemndments) applies.

IEC 60228, Condtusctors of insulated cables

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

IEC 60230, Impulse tests on cables and their accessories

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

IEC 60502-2:2014, Power cables with extruded insulation and their accessories for rated
voltages from 1 kV (U, = 1,2 kV) up to 30 kV (U,, = 36 kV) — Part 2: Cables for rated voltages

from 6 kV (U,, = 7,2 kV) up to 30 kV (U,, = 36 kV)

IEC 60502-4, Power cables with extruded insulation and their accessories for rated voltages
from 1 kV (U, = 1,2 kV) up to 30 kV (U, = 36 kV) — Part 4: Test requirements on accessories

for cables with rated voltages from 6 kV (U, = 7,2 kV) up to 30 kV (U,, = 36 kV)
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IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic materials

Part 201:

IEC 60811-202, Electric and optical fibre cables — Test methods for non-metallic materials

Part 202:

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

Part 203:

IEC 60811-401, Electric and optical fibre cables — Test methods for non-metallic materials

Part 401:

IEC 6081

General tests — Measurement of insulation thickness

General tests — Measurement of thickness of non-metallic sheath

General tests — Measurement of overall dimensions

Miscellaneous tests — Thermal ageing methods — Ageing in an air oven

1-402 _Flectric and opftical fibre cables — Test methods for non-metallic m

aterials

Part 402

IEC 6081
Part 403

IEC 6081
Part 501

sheathing compounds

IEC 6081
Part 502;

IEC 6081
Part 503

IEC 6081
Part 507

IEC 6081
Part 508;

IEC 6081
Part 605
compoun

Miscellaneous tests — Water absorption tests

1-403, Electric and optical fibre cables — Test methods for non-metallic m
Miscellaneous tests — Ozone resistance test on cross-linked compounds

1-501, Electric and optical fibre cables — Test methods for Hon-metallic m
Mechanical tests — Tests for determining the mechanical properties of insul

1-502, Electric and optical fibre cables — Test methods for non-metallic m
Mechanical tests — Shrinkage test for insulations

1-503, Electric and optical fibre cables — Test methods for non-metallic m
Mechanical tests — Shrinkage test for sheaths

1-507, Electric and optical fibre cables — Test methods for non-metallic m
Mechanical tests — Hot set test for cross-linked materials

1-508, Electric and optical\fibre cables — Test methods for non-metallic m
Mechanical tests — Pressure test at high temperature for insulation and she

1-605, Electric andwoptical fibre cables — Test methods for non-metallic m
Physical tests —Measurement of carbon black and/or mineral filler in pol)
ds

IEC 608

above 3( kV (U,(=)36 kV) up to 150 kV (U, = 170 kV) — Test methods and requireme

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

0, Power,cables with extruded insulation and their accessories for rated

hierials

hterials —
ating and

hterials —

hterials —

hterials—-

hterials —
aths

hierials —
ethylene

voltages
nts

br partial

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

3 Terms and definitions

For the p

urposes of this document, the following terms and definitions apply.

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

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

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

3.1.1
nominal

value

value by which a quantity is designated and which is often used in tables

Note 1 to entry:

taking into account specified tolerances.

3.1.2

median value
when several test results have been obtained and ordered in an increasing (or decreasing)
succession, middle value if the number of available values is odd, and mean of the two middle

values if

he number is avaen

Usually, in this document, nominal values give rise to values to be checked by measurements

3.2 Ddfinitions concerning tests

3.21

routine t
test mad
accessor

3.2.2

sample t
test mad
complete
product n

3.23

type test
test mad
IEC 6302
intended

Note 1 to €
cable or a
which migh

est
e by the manufacturer on each manufactured component~(length of
y) to check that the component meets the specified requirements

est

b by the manufacturer on samples of completed.cable or components takg
d cable or accessory, at a specified frequen€y so as to verify that the|
neets the specified requirements

b before supplying on a general coammercial basis a type of cable system cq
6, in order to demonstrate satisfactory performance characteristics to
application

ntry: Once successfully comp|eted, these tests need not be repeated, unless changes are 1

t adversely change the performance characteristics.

Note 1 to

3.3.1

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

ntry: ~Integrated optical elements, if present, will be tested upon customer request. Tests to

cable or

n from a
finished

vered by
meet the

hade in the

Ccessory with respect to materials, manufacturing process, design or design electrical stijess levels,

be defined

cable system
cable with installed accessories including components used for thermo-mechanical restraint of
systems limited to those used for terminations and joints only

3.3.2
nominal
electrical

3.3.3

electrical stress
stress calculated at Uy using nominal dimensions

test object
object, which is a cable length or an accessory, to be subjected to testing
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3.3.4

test assembly
assembly, which is a combination of series connected test objects, i.e. cable and accessories,
simultaneously under test

3.4 Definitions concerning test objects

3.4.1

extrusion length
length of cable conductor with the insulation and semi-conducting layers continuously

the outer

ontrolled

ble and are

struction

rea. In this

extruded in the same non-interrupted extrusion operation

3.4.2

manufacturing length

whole exjrusion length (or parts thereof if cut), where construction elements (outside
semi-conducting layer) have been applied

3.4.3

delivery [length

completed cable length, typically on a drum, in a coil or on a turntahble

3.4.4

factory jpint

joint between extrusion lengths/manufacturing lengths that)is manufactured under ¢
factory conditions

Note 1 to entry: Factory joints have the same mechanical and electrical performance as the original ca
generally filly flexible.

3.4.5

field joint

joint betyveen two delivery lengths of(cable that is completed with all cable cof
elements

Note 1 to eptry: A field joint is generally.used to connect two delivery lengths offshore or in the beach 4
document the requirements for field,joints are the same as for repair joints.

Note 2 to eptry: The requirements in this document are different for rigid and flexible types of joint.
Note 3 to eptry: Repair and.field joints may be of identical design.

3.4.6

repair jojnt

joint used for\repairing a damaged submarine cable

Note 1 to entry: The requirements in this document are different for rigid and flexible types of joint.
Note 2 to entry: Repair and field joints may be of identical design.

3.4.7

rigid joint

joint which cannot be subjected to the coiling or tensile bending tests

3.4.8

flexible repair joint
flexible field joint
repair (field) joint that is manufactured under controlled conditions and that is fully flexible

Note 1 to e
cable.

ntry: Flexible repair (field) joints have the same mechanical and electrical performance as the original
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3.4.9
asymmetric joint
joint which connects two cables with the same insulation system, but of different design

Note 1 to entry:
or land and submarine cables.

3.4.10
long length

cable

measurement

3.4.11

significant wave height
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Examples of different design are different conductors, different insulation or screen dimensions,

length which cannot be moved into a shielded room for the partial discharge

average

4

4.1

Volt

Rated voltages

The rated

Uo/U (U,
36/60 (74

NOTE 1 T
are used, €

In the vo

Up

U

U

m

wave height (trough to crest) of the highest third of the waves

hge designations, materials and rounding of numbers

voltages Uy/U (U,,) of the cables considered in this documient are as follows:

tage designation of cables Uy/U (Ug):

) = 3,6/6 (7,2) — 6/10 (12) — 8,7/15 (17,5) — 12/204(24) — 18/30 (36) — 26/45 (52) —
5) kV.

he voltages given above are the standard designations although in some countries other dgsignations
.g. — 5,8/10 - 6,6/11 — 11,5/20 — 17,3/30 — 19/33~<21/35 — 26/35 — 26/46 — 38/66 kV.

is the rated power frequency voltage between conductor and earth or metal sgreen for

wh
is
des

is

The rate
condition
systems

categ

pry, A:

ch the cable is designed;

highest voltage foffequipment” (see IEC 60038).

the rated power frequency voltage between conductors for which the |cable is
igned;

d voltage ofwthe cable for a given application shall be suitable for the pperating
5 in the system in which the cable is used. To facilitate the selection of the cable,
bre divided-into three categories:

this category comprises those systems in which any phase conductor that
comes into contact with earth, or an earth conductor, is disconne¢ted from

category B:

category C:

the systemm withim T,

this category comprises those systems which, under fault conditions, are
operated for a short time with one phase earthed. This period, according to
IEC 60183, should not exceed 1 h. For cables covered by this document, a
longer period, not exceeding 8 h on any occasion, can be tolerated. The
total duration of earth faults in any year should not exceed 125 h;

this category comprises all systems which do not fall into category A or B.

It should be realized that in a system where an earth fault is not automatically and promptly
isolated, the extra stresses on the insulation of cables during the earth fault reduce the life of
the cables to a certain degree. If the system is expected to be operated fairly often with a
permanent earth fault, it may be advisable to classify the system in category C.

The values of U, recommended for cables to be used in three-phase systems are listed in
Table 1.
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Table 1 - Recommended rated voltages U,

Highest voltage for equipment Rated voltage (U)

Up) kV

kV Categories A and B Category C
7,2 3,6 6,0
12,0 6,0 8,7
17,5 8,7 12,0
24,0 12,0 18,0
36,0 18,0 26,0
526 2650 3656
72,5 36,0 -

4.2 Cdble insulating compounds

This document applies to cables insulated with the materials listed-in Table 2. The table
specifies| for cables with each type of insulating compound,\the maximum ¢pperating
conductor temperatures on which the specified test conditions are.based.

Table 2 — Insulating materials

Insulating material Maximum condtolcc;tor temperatjure
Normal operation Short-c{rcuit
(5 s maximum
duratipn)
Cross-linkpd polyethylene  (XLPE) 90 25(
Ethylene gropylene rubber (EPR and HEPR) 90 250

The temgeratures in Table 2are based on the intrinsic properties of the insulating mgterials. It
is important to take into aecount other factors when using these values for the calcplation of

current ratings.

For guidance on<gentinuous current ratings calculation, reference should be |made to
IEC 60287 (all parts).

For guidaneé on emergency and cyclic load current rating calculation, reference s1hou|d be

made to EES66853(atparts)-

For guidance on short-circuit temperatures, reference should be made to IEC 60986 and
IEC 61443.

For guidance on short-circuit current calculation, reference should be made to IEC 60949.

4.3 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 Cable construction

5.1 General

The cable construction requirements are given in 5.2 to 5.10.

5.2 Conductors

Conductors shall be either of class 1 or class 2 of plain or metal-coated annealed copper or of
plain aluminium or aluminium alloy in accordance with IEC 60228. For all conductors,
measures have to be taken to achieve longitudinal water-tightness. By agreement between
customer and the manufacturer, the conductor may not need to be water blocked.

5.3 Injulation

Insulation shall be extruded solid dielectric of one of the types listed in Table 2.

For cables with a highest voltage for equipment U, up to 36 kV, the)nominal insulation

thicknesy is that indicated in IEC 60502-2:2014, Clause 6; alternatively, by agreement
between [the customer and the manufacturer, the insulation thickness can be select¢d on the
basis of fhe admissible electrical stress at Up,.

For cablgs above U,, = 36 kV and up to U, = 72,5 kV the-neminal insulation thicknegs is that
declared [by the manufacturer.

For all cables, the selected insulation thickness shall result in a nominal electric strgss at the
conductor screen not higher than 8,0 kV/mm . and at the insulation screen not higher than
4.0 kV/mm.

Higher stress cables are under consideration.

The thickness of any separator.orssemi-conducting screen on the conductor or |over the
insulation shall not be included in the thickness of the insulation.

5.4 Sdreening

Screening of individual.Cores in single or three-core cables, shall consist of a qonductor
screen and an insulation screen.

The conductorscreen shall be non-metal and shall consist of an extruded semi-cgnducting
compound,/which may be applied on top of a semi-conducting tape. The extruded semi-
conducti ' i i

The insulation screen shall consist of a non-metal semi-conducting layer in combination with a
metal screen.

The non-metal layer shall be extruded directly upon the insulation of each core and consist of
a firmly bonded semi-conducting compound.

For submarine cables, semi-conducting screens should be firmly bonded in order to better
resist the mechanical stresses during the cable laying.

A layer of semi-conducting tape or semi-conducting compound may then be applied over the
individual cores or the core assembly.
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5.5 Metal screen

The metal screen shall be applied over the individual cores or the core assembly and shall
consist of one or more tapes, or a braid, or a concentric layer of wires, or a combination of
wires and tape(s), or a metal sheath.

Measures may be taken to achieve longitudinal water-tightness in the metal screen. When
choosing the material of the screen, special consideration shall be given to the possibility of
corrosion, to ensure satisfactory mechanical and electrical performance.

In particular cases, the steel wire armour of three-core cables can be considered a metal
screen.

5.6 Cdre oversheathing materials

When reuested, an oversheath is applied over the metal screen. An oversheath based on
polyethylene (PE) type ST is recommended, see tables 5 and 7.

Alternatiyely, a semi-conductive PE oversheath is allowed. It is. recommended |that this
overshedth material should have the same non-electrical properties.as for ST,, except for the

carbon black content.

Particulaf care should be taken to limit the transient overvoltages that may affect long
submarinfe cables.

5.7 Ajsembly of three-core cables and fillers

The assglmbly of three-core cables shall maintairr'an approximately round shape.

The matgrials used for the fillers and~the bedding shall be suitable for the pperating
temperathre of the cable and compatible with the insulating material and/or sheath| material
and with the marine environment.

5.8 Cable armour

This document covers round or flat wire armour, the wires shall be of galvanized steel,
stainless| steel, copperlor tinned copper or other corrosion-resistant metal alloys.|In some
circumstances in orderito make the cable lighter the armour can be a mixture of m¢tal wires
and plasfic wires.

An additipnal(layer of metal tapes may be applied for extra protection in special applications if
required.

The armour may be a single or a double layer of wires that may be applied in the same or
opposite direction depending on the laying conditions and the mechanical performance
requested for the cable. The armour shall be applied on a bedding layer to avoid damaging
the core(s).

Non-magnetic armour shall be used for single-core cables.

When choosing the material of the armour, special consideration shall be given to the
possibility of corrosion, not only for mechanical safety, but also for electrical safety.
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5.9 Cable outer serving

The materials used for the serving are usually of textile origin (e.g. polypropylene yarns) of
suitable thickness and shall be suitable for the operating temperature of the cable and
compatible with any cable material the outer serving is in physical contact with (e.g. metal
sheath, armour, oversheath, or other material) and with the marine environment.

An extruded layer can also be applied in place of the textile yarn serving.

5.10 Packaging

Depending on the length of the connection, submarine cables can be wound on drums, in
coils or on _turntables. When the cables are wound into fixed coils on every turn, the cable is
subjecteq to a 360° twist; particular care shall be taken on the bending radius @nd on the
coiling prfocedures to avoid cable damage.

6 Cable characteristics

For the purpose of carrying out the cable system tests describedin this document and
recordind the results, the cable shall be identified. The following”characteristics|shall be
known or|declared:

a) name| of manufacturer, type, designation and manufactufing date (date of last pfoduction
phasg) or date code;

b) rated|voltage: values shall be given for Uy, U, U, (see 4.1 and 8.4);

c) maximum laying depth in water;

d) type pf conductor, its material and nominal~cross-sectional area, in square mijlimetres;
conductor construction; nature of measurées taken to achieve longitudinal water tightness;

e) mateifial and nominal thickness of insutation (z,) (see 5.3);
f) type of manufacturing process for/the insulation system;
g) naturg¢ of watertightness measures in the screening area;

h) matefial and construction,of-metal screen, for example number and diameter of wires; the
DC rgsistance of the metal screen; material, construction and nominal thickness| of metal
, or longitudinally’applied metal tape or foil bonded to the oversheath, if any;

i) matenial and nominal thickness of the core oversheath if any;

j) matetfial type,Aumber of layers, direction of lay and diameter of the wire in each layer of
the wjre armour; material type and thickness of the additional layer of metal tapes), if any;

k) matenialtype and thickness of the outer serving, if any;

) nominatreiameterof-theconduector{:
m) nominal overall diameter of the cable (D);
n) nominal inner diameter (d;) and calculated nominal outer diameter (D,,) of the insulation;

0) nominal capacitance, corrected to 1 km length, between conductor and metal screen;

p) calculated nominal electrical stress, in kV/mm, at conductor screen (£,) and at insulation
screen (E,):

L 20
' dixIn(Dy / d;j)

_ 2Uy
Dig xIn(Dig / i)

Eq
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where

Dig = d i + 21p;

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

¢ is the declared nominal insulation thickness, in mm.

n

7 Accessory characteristics

For the purpose of carrying out the cable system or accessory tests described in this
document and recording the results, the accessory shall be identified.

The folloying characteristics shall be known or declared:

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

b) conddictor connections used within the accessories shall be correctly identified, where
appli¢able, with respect to

— agsembly technique,

— topling, dies and necessary setting,

— preparation of contact surfaces,

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

— dagtails of the type test approval of the connector, if applicable;
c) accegsories to be tested shall be correctly identified with respect to

— ngme of manufacturer and drawings,

— armour clamp details, where applicable,

— type, designation and manufacturing date or date code,

— rafed voltage (see Clause 6, item b) above),

— ingtallation instructions (reference and date).

8 Test conditions

8.1 Ambient temperature

Unless ofherwise.specified in the details for the particular test, tests shall be carried |out at an
ambient temperature of (20 + 15) °C. A deviation from this temperature range should be
agreed upofy by the manufacturer and the customer.

8.2 Frequency and waveform for AC voltage tests

Unless otherwise indicated in this document, the frequency of the alternating test voltages
shall be in the range 10 Hz to 500 Hz. The waveform shall be substantially sinusoidal. The
values quoted are RMS values.

8.3 Lightning impulse test

The test shall be performed in accordance with 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

determination of test voltages may be the same as for the nearest rated voltage which is
given, provided that the value of U, for the cable and accessory is not higher than the

corresponding value in the table. Otherwise, and particularly if the rated voltage is not close
to one of the values in the table, the value of Uy on which the test voltages are based shall be

the rated value, i.e. U divided by /3 .

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

8.5 Determination of the cable conductor temperature

The condgluctor temperature of the cable under test shall be determined as desfribed in
Annex A.

9 Routine tests on cables and accessories

9.1 Gdneral

Submarine cables are characterized by long lengths and to carry“out the AC voltage|test may
be difficult and could require specific apparatus.

The rout|ne test shall be distinguished between tests/on manufacturing lengths,|tests on
factory jaints, tests on delivery lengths and tests on accessories.

The routihe tests required by this document are described in 9.2 to 9.4.

9.2 Test on manufacturing lengths
9.21 Partial discharge test

When th¢ cable length is not tooJonhg to perform a partial discharge (PD) test, then a test
shall be garried out in accordanee with IEC 60885-3, except that the sensitivity as defined in
IEC 60885-3 shall be 10 pC or less. In particular, the attenuation of pulses shall be assessed
as speciffed in IEC 60885<3ywhen determining the declared sensitivity level.

The procgdure of PDumeasurements is as follows:

The test yoltage:shall be raised gradually to and held at 2 U, for 10 s and then slowly reduced
to 1,73 .

There shall be no detectable discharge exceeding the declared sensitivity level at 1,73 x Uj.

Since it is not feasible to move long cable lengths to a screened environment, it may not be
possible to perform the measurement according to IEC 60885-3. In this case if PD
measurements are carried out they will therefore be for information only.

If the cable length is defined as long (see 3.4.10) the PD measurement may be performed on
short samples by agreement between supplier and customer. In this case the sensitivity as
defined in IEC 60885-3 shall be 5 pC or less.

9.2.2 AC voltage test

An AC voltage test shall be carried out at ambient temperature.
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The test voltage shall be raised gradually to the specified value, which then shall be held for
the specified time between the conductor and the metal screen as per the Table 4, column 4.

No breakdown of the insulation shall occur during the test.

It is permissible to interrupt the test, for example due to overheating of the test equipment,

provided

9.3 Te

that the overall test duration requirement is met.

st on factory joints

Recommendations on tests on factory joints are given in Annex F.

9.4 Te
9.4.1

These te
permane

st on delivery Tengths
General

5ts may be considered as a factory acceptance test (FAT) for the ‘'delivery

before shipment, the FAT shall be performed after the assembly~of such p
mechanig¢al equipment.

9.4.2

Every de
If the co
Table 4,

AC voltage test

ivery length of cable shall be submitted to an AC yvoltage test as described
mplete delivery length is too long to allow application of the test voltage
column 4, a reduced test voltage but with a_longer duration, may be agreed

supplier and customer.

9.4.3

Partial discharge test

In certaif cases, where the delivery lengths are relatively short, it may be possiblg

out a pa
accordin
delivery |

If the calj

tial discharge test on each complete delivery length. The test shall be p
to 9.2.1 and the test on-the manufacturing length is replaced by the te
ngth.

for information only.

9.5 Te

st on accessories

The routjne tests“on joints (other than factory joints) and terminations, shall fi

requirem

ents(of 1IEC 60502-4 or IEC 60840 as applicable.

length. If

nt mechanical equipment (e.g. hang-off heads) is delivered mounted on the cable

brmanent

in 9.2.2.
given in
between

to carry
erformed
5t on the

le length is long, see 3.4.10, then, if PD measurements are carried out, th¢y will be

bllow the

If the accessory is not built up by any pre-fabricated components, the manufacturer and
customer shall agree on the most practical solution, if any, to check the quality of the

accessor

Yy

10 Sample tests on cables

10.1 General

The following tests a) to i) shall be carried out on each core of the samples and test j) on a
completed cable:

a) conductor examination;

b) measurement of electrical resistance of conductor and of metal screen;

c) measurement of thickness of insulation;
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d) measurement of thickness of oversheath, where present;
e) measurement of thickness of metal sheath, where present;
f) measurement of diameters, if required;

g) hot set test for XLPE and EPR insulations;

h) measurement of capacitance;

i) tests on components of cables with longitudinally applied metal tape or foil, bonded to the
oversheath;

j) examination of cable.
This document does not cover tests on fibre optic cables which may be part of an AC MV

submarine_cable. It is recommended that the directives of IEC technical committee 86 are
followed.

10.2 FrIquency of tests

The freqliency of the tests shall be in accordance with agreed quality control proceldures. In
the absence of such an agreement, the sample tests shall be made faor.contracts with a cable
length ug to 20 km and a repeat of sample tests shall be made forrevery additional [50 km of
delivered| cable length. If it is necessary to take two samples fromvone single delivefy length,
the samp|les shall be taken from both ends.

10.3 Repetition of tests

If the sample from any length selected for the testsifails in any of the tests in Clause 10,
further samples shall be taken from two further lengths of the same batch and subjected to
the samgq tests as those in which the original sample failed. If both additional samples pass
the tests| the other cables in the batch from which they were taken shall be regprded as
having complied with the requirements of this' document. If either fails, this batch pf cables
shall be legarded as having failed to comply-

10.4 Cdnductor examination

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

10.5 Mdgasurement ofielectrical resistance of conductor and of metal screen

The cable length,{ora sample thereof, shall be placed in the test room, which|shall be
maintained at a.feasonably constant temperature for at least 12 h before the test. If {here is a
doubt thpt théTconductor or metal screen temperature is not the same as the room
temperatpre, ‘the resistance shall be measured after the cable has been in the test|room for
24 h. Altgrnatively, the resistance may be measured on a sample of conductor Jor metal
screen, conditioned for at least 1 h in a temperature-controlled liquid bath.

The DC resistance of the conductor and metal screen shall be corrected to a temperature of
20 °C and a 1 km length in accordance with the formulae and factors given in IEC 60228. For
screens other than copper or aluminium, temperature coefficients and correction formulae
shall be taken respectively from Table 1 and IEC 60287-1-1:2006, 2.1.1.

The corrected DC resistance of the conductor at 20 °C shall not exceed either the appropriate
maximum value specified in IEC 60228 or the declared value.

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


https://iecnorm.com/api/?name=72caf4b48bde44d8580ef65e02d1609b

IEC 63026:2019 © IEC 2019 - 23 -

10.6 Measurement of thickness of insulation
10.6.1 General

The test method shall be in accordance with IEC 60811-201.

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 may have suffered damage.

10.6.2 Requirements for the insulation

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

tmin = 0,90 £,

min =

fax —Imi
and addifionally: M <0,15
max

where

fmax is the maximum measured thickness, in mitlimetres;

trmin is the minimum measured thickness, in millimetres;

In is the nominal thickness, in millimetres.

tmax @nd fmin shall be measured at the same cross-section of the insulation.

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

10.7 Mdgasurement of thickness of-oversheath
10.7.1 [General

The test method shall be innaccordance with IEC 60811-202.

Each calble length selected for the test shall be represented by a piece taken from|one end
after hav|ng discarded, if necessary, any portion that may have suffered damage.

10.7.2 Requirements for the oversheath

The minimuwmn measured thickness shall not he less than 80 % of the nominal thickndss minus
0,2 mm:

tin 2 0,8 1, — 0,2

min =
where

t is the minimum measured thickness, in millimetres;

min

t is the nominal thickness, in millimetres.

n
10.8 Measurement of thickness of metal sheath
10.8.1 General

The tests in 10.8.2 to 10.8.4 apply if the cable has a metal sheath of lead or lead alloy.
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10.8.2 General

EC 2019

If the cable has a lead or lead alloy sheath, the minimum thickness of the metal sheath shall
not be less than 95 % of the nominal thickness minus 0,1 mm:

where

Imin

In

tmin > 0,95 ¢, — 0,1

min =

is the minimum measured thickness, in millimetres;

is the nominal thickness, in millimetres.

The thic

discretiof of the manufacturer.

10.8.3

The med
diameter

The meagurement shall be made on a test piece of sheath about 50 mm in length

from the
flattened
along the
flattened

10.8.4

The mea
nose, or
nose ort

micrometer shall be £0,01 mm.

The mea
thicknesg
ring to er

10.9 Mg

If the pun

ness of the sheath shall be measured by one of the following methed

Strip method

surement shall be made with a micrometer with plane faces of 4 mm
The accuracy of the micrometer shall be +0,01 mm.

completed cable as a ring. The test piece shall.be slit longitudinally and
After cleaning the test piece, a sufficient number of measurements shall
circumference of the sheath and not less than 10 mm away from the ed
piece to ensure that the minimum thickness.is'measured.

Ring method

surements shall be made with a mierometer having either one flat nose and
one flat nose and a flat rectangular nose 0,8 mm wide and 2,4 mm long.
he flat rectangular nose shall b& applied to the inside of the ring. The accurg

surements shall be immade on a ring of the sheath carefully cut from the san
shall be determjned at a sufficient number of points around the circumferen
sure that the minimum thickness is measured.

asurement-of diameters

chaser-requires that the diameter of the core and/or the overall diameter of

shall be rreasured, the measurements shall be carried out in accordance with IEC 60

5, at the

to 8 mm

removed
carefully
be made
je of the

one ball
The ball
cy of the

ple. The
ce of the

the cable
811-203.

10.10 Hot set test for XLPE, EPR and HEPR insulations

10.10.1 Procedure

The sampling and test procedure shall be carried out in accordance with IEC 60811-507,

employin

g 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.

10.10.2 Requirements

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

The capacitance shall be measured between conductor and metal screen/sheath at ambient
temperature, and the ambient temperature shall be recorded with the test data.

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

10.12 Tests on components of cables with a longitudinally applied metal tape or foil,

bo

nded to the oversheath

For cables with a longitudinally applied metal tape or foil, bonded to the oversheath, a 1 m

sample s

hall be taken from the complete cable and subjected to the tests and requirements in

Annex D

10.13 Examination of completed cable

A samplg
to a visu
and the 1

11 Sam

11.1 Factory joints

11.1.1

For AC s
tested ur
quality of
shall be

manufacfuring. The same procedure shall be used for constructing the sample test

the cable]

In case @
each siz
between

A samplg

If the fac

of completed cable (length: more than one pitch of wire armour) 'shall be s
Bl inspection to ensure that the cable construction conformsto_the declare
hanufacturing process has not caused any harmful defects,

ple tests on accessories

General
ubmarine cable systems, each manufactured length and each factory joint
der the routine tests described in 932, 9.3 and 9.4. Since routine tests ¢
the whole submarine cable systemvitself, the sample tests listed in 11.1.2
berformed on one factory joint,.on the core only, prior to the start of any ¢

joints during production.

e shall be tested&A' reduced number of tests can be carried out by a
supplier and customer.

of at least)10 m cable and a factory joint shall be prepared for the tests.

ory joint is type tested under the contract, the sample tests may be omitted.

11.1.2

ubjected
1l design,

shall be
heck the
to 11.1.6
Bble joint
joint and

f contracts involving different conductor cross sectional areas, normally ong joint for

jreement

PB-meastrement-and-AC—voltage-test

After restoring the semi-conductive insulation screen and the metal screen, and if applicable,
the core oversheath, the PD measurement and the AC voltage test shall be performed in
accordance with 9.2.1 and 9.2.2. The sensitivity as defined in IEC 60885-3 shall be 5 pC or

less.

11.1.3 Lightning impulse voltage test

The lightning impulse voltage test shall be performed under the same conditions as in 12.5.6.

11.1.4 Hot set test for insulation

The hot set test shall be performed according to 10.10.
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11.1.5 Tensile test

The tensile test of the conductor joint shall be performed according to the manufacturer’s
specification. The tensile force applied to the conductor shall not be lower than the declared
value given by the cable manufacturer. The test may be performed using a separate
conductor sample.

11.1.6 Joint inspection

Examination of the joint by dissection with normal or corrected vision without magnification,
shall reveal no signs of deterioration (e.g. electrical degradation, or shrinkage) which could
affect the joint in service operation.

11.1.7 ass criteria

If a factqry joint fails in any of the tests listed above, two additional jointscshall be tested
successfllly.

11.2 Sample tests on repair (field) joints and terminations
11.2.1 ests on components

The charpcteristics of each component shall be verified in acecordance with the spedifications
of the afcessory manufacturer, either through test reports from the supplier ofl a given
component or through tests by the accessory manufacturer,

The manufacturer of a given accessory shall provide'a list of the tests to be perf¢rmed on
each conpponent, indicating the frequency of eachest.

The components shall be inspected against their drawings. There shall be no [deviation
outside thhe declared tolerances.

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

11.2.2 T[ests on complete accessory

For accepsories where the Jmain insulation cannot be routine tested (see 9.1), the [following
electricalltests shall be carried out by the manufacturer on an accessory fully assemhiled up to
and inclyding the outer metal screen. External layers outside the metal screen,|such as
armour, may be omitted:

a) partidl discharge test (see 9.2.1);
b) AC voltage test (see 9.2.2).

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

NOTE Examples of main insulations that cannot be routine tested are heat shrink insulations, cold shrink
insulations and insulations taped and/or moulded on site.

These tests shall be performed on one accessory of each type per contract.

If the 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.
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12 Type tests on cable systems

12.1 General

The tests specified in Clause 12 shall be carried out on the cable system to demonstrate
satisfactory performance.

In case of interruption/deviations in the test parameters during the heating cycle voltage test
or impulse withstand test, the heating cycle or voltage impulse(s) in question shall be
repeated.

In case of insulation breakdown when testing several objects simultaneously, the faulty object

may be WWWObject is
considerg¢d to have failed and needs to be retested. Any fault within an extension|of 0,5 m

from one|accessory is considered to be associated with that accessory only, seé Figyre 1.

Dimensionfs in metres

Limit of weld / joins
in metal screen

/ \
/ \
/ \
Cable ’ N Cable
0,5 Joint { 0,5
-———oa

| |
Extension of joint

IEC

Fiqure 1 — Example of accessiory length extension in the case of factory jgint

NOTE Tes$ts on termination insulators referring to environmental conditions are not specified in this doqument.
12.2 Range of type approval

Apart from a type test.for'a land cable system according to IEC 60502-2 or IEC 60840 which
includes lelectrical and non-electrical tests, the submarine cable system type test includes a
more extegnsive meghanical type test programme prior to electrical testing. A submarjne cable
system may consist of submarine cable(s), termination(s) and different types of joints. The
submarir]e cable system (cable(s) and joint(s)) has to be mechanically tested to the highest

expected| mechanical loads during cable installation, laying and repair.

When type tests have been successfully performed on one or more submarine cable
system(s) of specific cross-section(s), and of the same rated voltage and construction, the
type approval shall be considered as valid for cable systems within the scope of this
document with other cross-sections, rated voltages and constructions provided that all the
conditions a) to k) are met:

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

NOTE 1 In this context, cable systems of the same rated voltage group are those of rated voltages having a
common value of U, highest voltage for equipment, and the same test voltage levels (see Table 4, columns 1

and 2).
b) the conductor cross-section is not larger than that of the tested cable;

c) the cable and the accessories have the same or similar constructions as that of the tested
cable system(s);


https://iecnorm.com/api/?name=72caf4b48bde44d8580ef65e02d1609b

d)

g)

h)

k)

- 28 — IEC 63026:2019 © IEC 2019

NOTE 2 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 only necessary due
to differences in the material of the protective layers applied over the screened cores or over the main
insulation part of the accessory, if 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. mechanical tests, 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 %;

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

the calculated nominal electrical stresses and the impulse voltage stresses calculated
usingl nominal dimensions within the main insulalion parfs of the accessory_ahd at the
cablel and accessory interfaces do not exceed the respective calculated stressgs of the
testedl cable system(s);

the cpble mechanical design is the same or similar, for example single ‘or doyible wire
armolr, armour material and direction of application;

the clable system is subjected to the same or less severe mechanical stress |(tension,
bending, water pressure, etc.) than the tested cable system;

the design and method of conductor and/or screen/sheath water tightness is unghanged.
Type|tests carried out on cables with longitudinal watertightness are valid also fpr cables
withopt longitudinal watertightness;

the design and method of assembly (or constructiofn) of factory and repair (field) joints is
unchanged;

the cplculated nominal electrical stress and the impulse voltage stress calculajed using
nomimal dimensions at the conductor screen in the flexible joint (factory joinf) do not
exceed the respective calculated stresses§ of the tested cable system(s) by more than
10 %

The non-electrical type tests on cablexcomponents (see 12.7) only need to be carrigd out on
samples [from cables of different voltage ratings and/or conductor cross-sectional| areas if
different [materials and/or differént” manufacturing processes are used to produge them.
However| repetition of the ageing-tests on pieces of completed cable to check compatibility of
materials| (see 12.7.5) maytbe required if the combination of materials applied |over the
screened core is differentfrom that of the cable on which type tests have been c3rried out

previously.

As a minjmum, the\test which is affected by the design change, (e.g. a water penetrdtion test)

shall be rlepeated.

A flexiblg joint with the approximately same diameter as the cable, shall be treated and tested

as the cabfe, bothfroman etectricarand mechanical poimt of view:

The type testing on submarine cables in the voltage range up to 72,5 kV as specified in this
document, follows the system approach and tests on cables with installed accessories are
recommended.

NOTE 3 This document does not include tests for the determination of the behaviour of the insulation in the
presence of water.

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

The type tests shall comprise the mechanical test, electrical type tests and longitudinal/radial
water penetration test as specified in 12.4, 12.5, 12.6 and the appropriate non-electrical tests
on cable components and complete cable as specified in 12.7.

The non-electrical tests on cable components and complete cable are listed in Table 5,
indicating which tests are applicable to each insulation and oversheath material.

The minimum required complete test length and distance between factory joints for the
mechanical tests are described in 12.4.

The testg—tsted—in S52—shalbe—performed—oer—one—ormore—samples—of—ecompiete cable,
dependinfg on the number of joints involved, at least 10 m cumulative in length exeluding the
accessorjes. The cable shall be taken from the sample which has been subjected to the
mechanigal tests in 12.4, and shall include factory joint(s) and flexible repair |joint($), where
applicable. The minimum cable length between the accessories shall be 5m-(excluding 0,5 m
at the acgessories).

One sample of each accessory type shall be tested.

Each caple length and joint, which is to be part of the test'assembly to be use¢d for the
electricall type test (with the exception of the resistivity ofisemi-conducting screens) and the
longitudinal/radial water penetration (LWP, RWP) test, shall undergo the mechanicdl tests in
accordanlce with 12.4 before the electrical typextests commence. The accessories,
terminatipns and rigid repair (field) joints, shall be installed after the mechanical tes{ on each
cable length being part of the loop.

The shape of the cable shall have a U-bend'in accordance with the diameter spegcified in
12.4.2 or|a bending diameter specified by_the manufacturer, whichever is smaller.

Cable arld 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.

Neither the cables nor the_accessories shall be subjected to any form of conditigning not
specified| in the manufacturer's instructions which might modify the electrical, thermal or
mechanigal performance.

Measurement of resistivity of semi-conducting screens described in 12.5.8 shall be njade on a
separate[sample.

12.4 Meqchanical tests

12.4.1 Coiling test
12.4.1.1 Purpose/applicability

This test applies only to cables which are coiled during manufacturing, storage, transport or
laying and does not apply to cables which are simply wound on drums or turntables. During a
coiling operation, the cable experiences torsion. It is therefore important to check the cable
construction after the coiling test.

12.4.1.2 Preparations/conditions

The coiling test shall be carried out on a cable of suitable length. This shall form at least six
complete turns of the coil, unless there are two joints, in which case there shall be at least
eight turns of the coil, with at least two turns between the joints.

A typical arrangement for the coiling test is shown in Figure 2 below:
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Caterpillar
—
Jockey wheel
ﬂu
L = h
Cable on turntable
or drum
— - —— Cable coiled
\ ‘-—- — ) d

IEC

Figure 2 — Example of coiling test arrangement

The cablé shall include at least one factory joint and a flexible-repair (field) joint if applicable.
The numper of joint(s) and the distance(s) between them~are determined in accordance with

the following principles:

Singl¢-core cable

A mirlimum of two complete turns of the cailcshall be kept between the joint enq and the
neargst end of the test cable length. If two “or more joints are included in the tpst cable
length, the distance between the ends of;the special parts, or ends of other joints| shall be
at leajst two complete turns of the coil.

Thred-core cable

The rlumber of phase joints included in the test cable depends on the cable conptruction.
The duter diameter of the armour layer(s) is normally increased over the phase jpints due
to a larger outer diameter_of the joint compared to the unjointed core. This sectipn of the
cable| with increased,Quter diameter of the armour, is considered as a “medhanically
specigl part”. See also-Figure 3.

Two [mechanicallyspecial parts” are considered to be mechanically independgnt if the
distarjce betweén-them is at least one lay length of the outer armour layer, see Figure 3a).
Two |mechanically independent sections will not affect each other during p coiling
operation;

If all i/mechanically special parts” on the delivery cable are sufficiently separated {o ensure
mechamicatimdependence; the Tamberof prrasejoints i thetesttabteamdthedistances
between the phase joints can be determined in accordance with the same principle as for
single-core cables.

If several (normally three) phase joints are installed in one continuous “mechanically
special part”, or if the separation between two “mechanically special parts” is less than
one lay length of the outer armour layer, the phase joints shall be considered as
“‘mechanically dependent”, see Figure 3 b). In this case, the number of phase joints in the
test cable shall be at least the same as the number of phase joints that are mechanically
dependent in the delivery cable. The distance between the phase joints shall be
representative for the minimum distance between the phase joints in the delivery cable.
For example, if three phase joints are installed in one continuous “mechanically special
part” in the delivery cable, at least three phase joints shall be included in the test cable.

In addition to the above, at least two turns of cable (which may include joints) shall be
coiled at the declared minimum coiling diameter.
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NOTE The two turns of cable at the minimum coiling diameter can be on top of one another.

A minimum of two complete turns of the coil shall be kept between the end of a
“mechanically special part” and the nearest end of the test cable length. If two or more
“mechanically special parts” are included in the test cable length, the distance between
the ends of the special parts or ends of other joints shall be at least two complete turns of
the coil.

L J
A 1
_“
L L I J
B B B
2
N
L JL JL J
B B B
IEC
Key
1 joint in the middle section 4 phase joint(s)
2 joints 5 phase joint or mechanically special

part
3 armouring

at least one lay length of

A minimum 6 complete turns C :
armouring

B minimum 2 complete turns D mechanically special part

In the figure, a) and b) refer to three-core cables while c) and d) refer to single-core
cables.

Figure 3 — Test cable length for coiling test

The manpfacturer-shall specify the minimum diameter and the direction of coiling tg be used
during amy coiling operation. The test shall be performed in accordance with the |specified
diameter|and-direction. The actual diameter (equal to 2 x the radius measured from the centre
of the cofrtothemearestsurfaceof thejomt(s))atthepositiomof eachjointstattbeTecorded,
the test qualifies the joints for coiling down to this minimum coil diameter.

The coiling should be such that the joint is positioned to the minimum radius of the coil.

Before starting the coiling, a line parallel to the cable axis shall be marked on the cable in
order to check the uniformity of twist in the cable during coiling operations.

The height of the jockey wheel (% in Figure 2) above the top layer of the coiled cable shall not
exceed that to be used during any coiling operation.

If the cable contains optical fibre cable(s) with factory joints, at least one optical cable factory
joint shall be included in the coiling test.
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12.41.3 Test

With both ends held or with one additional turn at the start and at the end of the test in order
to prevent rotation, the cable shall be coiled with a minimum coiling diameter (d in

Figure 2) equal to the value specified by the manufacturer.

min

After coiling, the cable shall be rewound onto the storage facility. This cycle of operations
shall be repeated for a number of times at least equal to the number of times that the coiling
operation is expected to be carried out during manufacturing, storage, transport and laying of
the cable.

During the coiling operation, the cable twist shall be substantially uniform, as assessed from

the previgushyrapphed-markertine-

12.4.1.4 | Requirements and visual inspection

After the|coiling test, the test cable and all joint(s) shall be inspected visually for deformation
of the outer layer. A complete visual inspection shall be performed after.the mechahical and
electricalltests have been completed, see 12.5.7.

12.4.2 Tensile bending test
12.4.2.1 | Purpose/applicability

This test|is designed to take into account the forces_that apply to cables during Idying and
normal rgcovering. The tensile bending test is applicable for cables which are intended to be
installed,| recovered or repaired with a method that”comprises bending under tension, for
example Jaying over lay wheels, lay chutes or around capstan wheels.

A rigid jojnt may also be part of the test length. In this case the rigid joint shall not be passed
round theg rotating drum, so only the cable~oen one side of the rigid joint will be subjec{ed to the
tensile bénding test. Therefore, this latter part of the test length shall be sufficiently long to
provide dll the cable requiring the tensile bending test, see also 12.4.3.

12.4.2.2 | Preparations/conditions

Factory gnd flexible repair (field) joints shall be included in the test sample, if they dre a part
of the cdble system. Ifithe test cable has been subjected to the coiling test of 12.4.1, the
tensile bénding test«shall be performed on a sample taken from that test cable length. If the
cable ha$ earthing\connections between the metal sheath and armour, the test sanmple shall
also inclyde one of'these connections.

The lengthlaf-the sample shall be at least 30 m. The sample shall be wound on a drum having
a radius mmmmm—m&mr%sta“ed

on the cable laying vessel. The length of the test sample in contact with the test drum shall
not be less than half the circumference of the test drum.

For all mechanical tests, all the conductors and armouring shall be bonded together at both
ends of the test sample by means of an anchoring head which prevents them from longitudinal
movement and relative rotation inside it. The cable heads should be installed in a way that the
resulting forces on the different cable components far from the ends, are equivalent to the
distribution of forces during laying. One way to achieve this is to have separate anchoring
devices for the armouring and core(s) of the test sample, where the relative load sharing can
be controlled by a screw device or similar; an example is shown in Figure 4. Before the test, a
small tensile load is applied to the test sample and the core anchoring position is adjusted,
relative to the armour anchoring, to ensure that the core(s) is/are also loaded.


https://iecnorm.com/api/?name=72caf4b48bde44d8580ef65e02d1609b

IEC 6302

6:2019 © IEC 2019 - 33 -

i

IEC

One hea
flexible j

whichever is greater.

If the cal

joint shall be included in the tensile bending test,

The test
tension d

12.4.2.3

The teng

Key
1 cable under test 4 screw to adjust force on conductor
2 armour anchoring 5 tensile force

3 conductor(s) anchoring

Figure 4 — lllustration of an example of an anchoring head where relative

load sharing between conductor and armour can‘be controlled

] shall be free-rotating and one shall be fixed. The distance from a cable
bint shall be at least 10 m or five times the lay Jength of the outer armg

le contains optical fibre cable(s) with factory joints, at least one optical cab

tension, T, used in the test shall\be established based on the maximum
uring laying or recovery. The method for the calculation of T is reported in A

Test

ion in the cable shall be brought up to the calculated value, 7. Using

equipme

on a drum for three times’ consecutively without changing the direction of bendir
carrying put the test itvis eéssential to ensure that all the cable to be used for subseqy
is submitted to theAfull'three bends. Cable that is on the drum at the beginning of tf
remains ¢n the drfum at the end of the test shall not be considered to have completed
Figure 5 phows:an example of a device for carrying out the test.

t, the cable sample; including the joints if applicable, shall be wound and

end to a
ur layer,

e factory

expected
hnex G.

suitable
unwound
g. When
ent tests
e test or
the test.



https://iecnorm.com/api/?name=72caf4b48bde44d8580ef65e02d1609b

- 34 - IEC 63026:2019 © IEC 2019

IEC

Key
1 cable under test 4 cable heads
2  joint 5 pulley

3 rotating drum

Figure 5 — Example of set-up for tensile bending test with a’flexible or factory

If the tes

L sample contains optical fibres, the integrity of all,the’optical fibres shall b

by a contlinuity check.

12.4.3
12.4.3.1
The purp
an axial

included
included

This test

12.4.3.2
The leng

armour |3
a sample

The dist4

Tensile test
Purpose/applicability
ose of this test is to verify the performance of the cable and joints when eX

tensile force without bending. The-tensile test shall be performed if a rigi
in the cable system. A separate tensile test is not required, if the rigi
n the tensile bending test but not passed around the wheel.

Preparations/conditions

h of the cable.used for this test shall be at least five times the lay length of
yer. If a ténsile bending test has been performed then this test may be perf
taken ffom the cable tested according to 12.4.2.

 joint

b verified

posed to
d joint is
i joint is

qualifies the rigid joint up' to the test tension, 7, used in the tensile bending fest.

the outer
brmed on

nce, from the cable end to any Jomts shall be at least 10 m or five tlme

length of

the lay
gtalled so

that the resulting forces on the dlfferent cable components far from the ends are equivalent to
the distribution of forces during laying operations, in accordance with 12.4.2.2.

One head shall be free-rotating and the other shall be fixed.

If the cable has earthing connections between metallic sheath and armour, the test cable shall
also include one of these connections.

If the cable contains optical fibre cable(s), at least one optical cable factory joint shall be

included

12.4.3.3

in the tensile test if the optical cable contains factory splices.

Test

The tension in the cable shall be gradually increased up to the specified tension, 7. The load
shall be held for a minimum of 30 min.
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ed load shall be continuously monitored during the test.

If the test sample contains optical fibres, the integrity of all the optical fibres shall be verified

by a cont

inuity check.

12.5 Electrical type tests

12.5.1 Test voltage values

Prior to the electrical type tests, the insulation thickness shall be measured by the method
specified in IEC 60811-201 on a representative piece of the length to be used for the tests, to
check that the thickness is not excessive compared with the nominal value.

If the average thickness of the insulation does not exceed the nominal value by n

5 %, the
cable.

If the avd
not morg
conducto

to the nc:[}minal value, and the test voltages are the normal valdes specified for

voltage

The cable length used for the electrical type tests shall not have an average i

thickness

12.5.2

Samples
previous
applicabl
the electi

In a thred

The follo

NOTE Th
depending

a) partis
b) tan ¢

test voltages shall be the values specified in Table 4 for the rated (volta

rage thickness of the insulation exceeds the nominal value by-more than 5
than 15 %, the test voltage shall be adjusted to give an‘glectrical stre
I screen equal to that applying when the average thickness of the insulatior

the cable.

exceeding the nominal value by more than 15 %.

Flectrical type tests and sequence of tests

for electrical type test shall be taken from the cable or cable system sub
tensile bending tests and, if applicable, coiling tests as specified in 12.
b, the sample containing the rigid' joint shall be subjected to the tensile teg
ical type test.

-core cable, each test orymeasurement shall be carried out on all cores.

wing electrical tests\shall be performed on the sample:

e sample can.contain a factory joint, a repair (field) joint, an asymmetric joint, termin
pn the scopg of\the type test approval required.

| discharge test at ambient temperature (see 12.5.3);

this testmay be carried out on a different sample with special test terminations. |

measurement (see 12.5.4); 0.0

ore than
je of the

% but by
5s at the
is equal
he rated

nsulation

jected to
L. Where
t prior to

tions, etc.

used for the remainder of the sequence of tests;

c) heating cycle voltage test (see12.5.5);

d) partial discharge tests (see 12.5.3)

- at
— at

ambient temperature and

high temperature;

from that

The tests shall be carried out after the final cycle of item c) above or, alternatively, after
the tests in item e) below.

e) lightning impulse voltage test followed by a power frequency voltage test (see 12.5.6);

f) partial discharge tests, if not previously carried out in item d) above (see 12.5.3);

g) examination of the cable system with cable and accessories on completion of the above

tests;
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h) the resistivity of the cable semi-conducting screens shall be measured on a separate
sample.

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

Annex A describes the methods of heating the test cable and determination of the conductor
temperature.

12.5.3 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 2 U, for 10 s and then slowly
reduced a1l 72 I _(caon Tahla 4 ocaoliiman BN

O T oo g (STt ooTCT T SOOI T O

cable conpductor temperature 5 K to 10 K above the maximum cable conducter.tempgrature in
normal o¢peration. The conductor temperature shall be maintained-. within the stated
temperathre limits for at least 2 h.

When pefformed at high temperature, the test shall be carried out on the test asse£bly at a
r

The test|assembly shall be heated by conductor current only, <until the cable reaches the
required femperature.

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

There sHall be no detectable discharge exceeding the declared sensitivity from|the test
assembly at 1,73 Uj.

12.5.4 [fan 6 measurement

The sample shall be heated by conductor current only and the temperature of the qonductor
determingd either by measuring its_resistance or by temperature sensors on the surfgce of the
screen/sleath, or by temperatufe,sensors on 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 pe 5 K to
10 K abolye the maximum’conductor temperature in normal operation, given in Table 2.

If, for prgctical reasons, the test temperature cannot be reached, additional thermal insulation
may be applied:

hall th b i | + AAL £ i (WERVI-NL £ LI kb +
The tan o—Srarm—theh—be—meastrea—at—¢a puvvvr |FUQucnuy vuuagU SANRSA) at—the mu‘-perature

specified above (see Table 4, column 6).

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

12.5.5 Heating cycle voltage test

The cable shall have a U-bend with a diameter as specified in 12.4.2.2 or the bending
diameter specified by the manufacturer, whichever is smaller.

The test assembly shall be heated by conductor current only, until the cable conductor
reaches a steady temperature 5 K to 10 K above the maximum conductor temperature in
normal operation, given in Table 2.

For a three-core cable, the heating current shall be passed through all conductors.
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If for practical reasons, the test temperature cannot be reached, additional thermal insulation
may be applied.

The heating shall be applied for at least 8 h. The conductor temperature shall be maintained
within the stated temperature limits for at least 2 h of each heating period. This shall be
followed by at least 16 h of natural cooling to a conductor temperature less than or equal to
30 °C or within 10 K of ambient temperature, whichever is higher. The conductor current
during the last 2 h of each heating period shall be recorded.

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

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

Interruptipn of the test is allowed provided 20 complete heating cycles in total undgr voltage
are comgleted.

Heating ¢ycles with a conductor temperature higher than 10 K above the’maximum gonductor
temperatlre in normal operation, given in Table 2, are considered valid.

12.5.6 [ightning impulse voltage test followed by a power-frequency voltage test

The test| assembly shall be heated by conductor current*only, until the cable qonductor
reaches p steady temperature 5 K to 10 K above thé{maximum conductor tempdgrature in
normal operation, given in Table 2.

The condluctor temperature shall be maintained within the stated temperature limjts for at
least 2 h

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

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

The test|assembly shall withstand without failure or flashover 10 positive and 10|negative
voltage impulses of the @ppropriate value given in Table 4, column 8.

After the| lightningddmpulse voltage test, the test assembly shall be subjected to|a power
frequency voltage-test at the routine test voltage for 15 min, in accordance with|Table 4,
column 9 Atthe discretion of the manufacturer, this test may be carried out either during the
cooling periodor at ambient temperature.

No breakdown of the insulation or flashover shall occur.

12.5.7 Examination
12.5.7.1 General

The purpose of the visual inspection is to ensure that both the mechanical and electrical tests
have not caused any damage to the cable system.

A sample, with a length of at least one armour lay length, taken from the central part of the
test cable length, and if applicable, also including one of the joints or “mechanically special
part”, shall be subjected to the visual inspection. Examination of the samples with normal or
corrected vision without magnification shall not reveal any of the following, but not limited to:

— break, crossing or permanent bird caging of armour wires;
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— harmful indentations in the cable core(s), for example, resulting in indentations or cracks
in the lead sheath;

— damage to the insulation;
— damage to the conductor which could have a detrimental effect on the cable performance.

Particular attention should be paid to the same components in the joint including metal sheath
connections.

12.5.7.2 Cable and accessories

Examination of the cable by dissection of a sample taken from the U-bend part and, whenever
possible, of the accessories by dismantling, with normal or corrected vision without
magnificgtiom, —stattTeveat o —signs—of deterioratiom (e g-—efectricadegradatiomn, leakage,
corrosion or harmful shrinkage) which could affect the system in service operation.

12.5.7.3 | Cables with a longitudinally applied metal tape or foil, bonded-.to the
oversheath

A 1 m sample taken from the U-bend part of the type test loop shall be(taken and subjected to
the tests|in 12.7.10.

12.5.8 Resistivity of semi-conducting screens
12.5.8.1 | General

Measurement of resistivity of the cable semi-conducting screens shall be made on a|separate
sample.

The resigtivity of extruded semi-conducting sereens applied over the conductor and|over the
insulation shall be determined by measurements on test pieces taken from the gore of a
sample df cable as manufactured, and.-a sample of cable which has been subjectged to the
ageing treatment to test the compatibility’of component materials specified in 12.7.4.

12.5.8.2 | Procedure

The test procedure shall besin*accordance with Annex C.

For semitconducting screens the measurements shall be made at a temperature within 2 K
of the mgximum condvuctor temperature in normal operation, given in Table 2.

12.5.8.3 | Requirements

The residtivity of the semi-conducting screens, both before and after ageing, shall ngt exceed
the following values:

conductor screen: 1000 Q-m

insulation screen: 500 Q-m

NOTE The measurement procedure and the requirements of the resistivity of the polymeric oversheath are left for
future consideration.

12.6 Longitudinal/radial water penetration (LWP, RWP) test
12.6.1 General
For submarine cables the water penetration tests are divided into three tests:

— LWP a: conductor longitudinal water penetration test (see 12.6.2);
— LWP b: metal screen longitudinal water penetration test (see 12.6.3);
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— RWHP: radial water penetration test of joints (see 12.6.4).

The tests have mechanical and thermal preconditioning as described below.

The mechanical preconditioning includes a tensile bending test and, if applicable, a coiling
test before the tensile bending test.

The water used in the tests shall correspond to the application of the cable system and be
either tap water in case the cable is installed in fresh water, or saltwater with a salinity of the
specific area of the cable installation. If there is an absence of information concerning the
application, then a concentration of 3,5 % by weight of NaCl shall be used.

The wate ssible.

For convenience, the following measures are defined:
dy = :[aximum declared distance for LWP in conductor,

d, = maximum declared distance for LWP in metal screen area.

The maxXimum water penetration distance(s) is (are) to be agreed between supplier and
customert.

12.6.2 [Conductor water penetration test

The test |s applicable only to cables having a longitudinal water barrier in the conducfor.
The cabl¢ sample has to be taken from the cable(subjected to the mechanical test, sqe 12.4.

The length of the test sample, excluding any‘exposed conductor, shall be at least the] distance
d4 + 1,0 m; the length of the test sample-inside the test chamber is optional, see Figure 6.

The complete cable shall be preconditioned by at least three heating cycles, ensuring that the
cable hag experienced thermal expansion.

Each heating cycle consists® of at least 8 h of heating followed by at least 16 h gf natural
cooling. Current heating.in the conductor shall be used to give a conductor temperatyre 5 K to
10 K abqgve the maximum conductor temperature in normal operation, given in Tabfe 2. The
conductor temperature shall be kept within the above range for at least 2 h duiing each
heating gycle.

-core of

After pre¢onditioning, the cable shall be dismantled and the test continued on a sing
- retayers—above-theouter-semi-conducting—sereenmay-beremoved to

the cable—n=a
facilitate the test.

The test object shall be prepared as follows. A length of (50 £ 10) mm of conductor shall be
exposed at both ends of the sample. The test sample is placed inside a pressure vessel as
indicated in Figure 6. As the force from the water pressure will tend to drive the cable (or its
internal components) out of the chamber, suitable mechanical restraints shall be applied to
prevent such movement.
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Dimensions in metres

A

Key

1 insylation

2 outdr semi-conducting layer

3 (50 £ 10) mm of exposed conductor

Figure 6 — Set-up for the conductor water, penetration test

The test|object is pressurized while submerged with alwater pressure correspondipg to the
declared [maximum laying depth in water, see Clause 6. The pressure shall be raisgd as fast
as practigably possible to simulate a cable fault at the deepest part of the cable sedtion. The
test contihues for 10 days with water at ambient.temperature.

When th¢ test time has elapsed, the test object is removed from the water. A cut i§ made in
the conductor at a distance d4 to check forthe presence of water. This can be estabfished by

visual examination of the end(s) and by“use of absorbent paper. No presence of water shall
be detecied.

12.6.3 Metal screen water _penetration test

The test |s applicable only to cables with core(s) having a metal sheath or an oversheath and
a longitudlinal water barrier in the screen area.

The length of the“test sample, excluding any extending outside the test chamber, shall be at
least the [distance™d, + 1,0 m, see Figure 7.

The complete cable used to provide the test object shall be preconditioned by cadrying out
three heating cycles. Each heating cycle shall consist of at least 8 h of heating followed by at
least 16 h of cooling. Current heating in the conductor shall be used to give a conductor
temperature 5 K to 10 K above the maximum temperature in normal operation, given in
Table 2. The conductor temperature shall be kept within the above range for at least 2 h
during each heating cycle.

After preconditioning, the cable shall be dismantled, and the test continued on a single core of
the cable.

NOTE In the case of three-core cables, the core can be taken from the same sample of completed cable used for
the conductor water penetration test.

All the layers external to the outer semi-conducting screen for at least 1,0 m from one end of
the sample shall be removed, exposing the outer semi-conducting screen to the water. The
test sample is placed inside a pressure vessel as shown in Figure 7. The temperature of the
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conductor shall be measured inside the pressure vessel. The temperature sensor position
shall be selected in order to limit the end effect.

Dimensions in metres

Key
insylation
outgr semi-conducting layer

metpl screen

A~ 0N

ovefsheath

Figure 7 — Set-up for the metal screen water penetration test

The prespure vessel shall be filled with watervat ambient temperature and the pressire set to

a value ¢
test obje
be heate
5 Kto 10
The heat
within th

orresponding to the specified maximmum laying depth with a maximum of 3
Ct shall be subjected to 10 heating cycles while pressurized. The test assen

bar. The
nbly shall

d by conductor current only, until the cable conductor reaches a steady temperature

K above the maximum conductor temperature in normal operation, given in
ng shall be applied forratieast 8 h. The conductor temperature shall be m
b stated temperature-limits for at least 2 h of each heating period. This

Table 2.
hintained
shall be

followed py at least 16 h of natural cooling.

When th
undersidg
barrier, i
presence
paper. N

test time has’ elapsed, the test object shall be removed from the water. The
of the oversheath or metal sheath, which is in contact with the longitudipal water
exposed.at a distance d, from the end exposed to the water to check for the

of water. This can be established by visual examination and by use of gbsorbent
b presénce of water shall be detected.

a)
-
»)
L
5
=]

12.6.4 Radial water penetration test for joints

The test is applicable to factory, repair and field joints.

The joint shall be subjected to the applicable mechanical tests (see 12.4), and at least 10
heating cycles shall be applied. The test assembly shall be heated by conductor current only,
until the cable conductor reaches a steady temperature 5 K to 10 K above the maximum
conductor temperature in normal operation, given in Table 2. The heating shall be applied for
at least 8 h. The conductor temperature shall be maintained within the stated temperature
limits for at least 2 h of each heating period. This shall be followed by at least 16 h of natural
cooling.

The test is to be performed on the pressurized part of the joint and not necessarily to the
whole joint body for rigid repair (field) joints. For three-core cables at least one core factory
joint shall be tested.
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On completion of the heating cycles the test sample shall be placed inside a pressure vessel.
The cable ends may exit the vessel through seals or be sealed inside the vessel by means of
caps.

NOTE The pressurized part does not include mechanical devices connected to the joint to restrict the bending,
which do not have any functions related to water sealing.

The test object is submerged in pressurized water corresponding to the specified maximum
laying depth. The test continues for 48 h with water at ambient temperature.

When the test time has elapsed the water pressure may be reduced to atmospheric pressure.
If the cable ends were sealed by caps then the ends shall be prepared to allow application of
the test voltage. The sample may be removed from the water only for a time long enough to
allow thi§ operation to be carried outf. WhIlst still immersed in water, a test voltage]of 25 kV
DC shall|be applied between the conductor(s) of the joint and the water. No breakdpwn shall
occur.

The test| object shall then be removed from the water and examined. it shall meet the
following|requirements:
a) No water shall be present under the water blocking barrier of the.joint.

b) No appreciable shape irregularity shall be visible in the metal sheath. In case|of metal
scregns composed of copper wires, tapes or laminated foils or a combination of them, no
crackis of the metallic components shall be visible.

12.7 Ndgn-electrical type tests on cable components and on complete cable
12.7.1 General
The testq are as follows and tests b) to n) shallbe carried out on all cores:

a) check of cable construction (see 12.7:2);

b) tests|for determining the mechanical properties of insulation before and after ageing (see
12.7.8);

c) tests|for determining the mechanical properties of oversheaths before and aft¢r ageing
(see [12.7.4);

d) ageing tests on pieces _of complete cable to check compatibility of materials (see [12.7.5);

e) pressure test at high:temperature for ST, oversheaths (see 12.7.6);

f) ozon1 resistancétest for EPR and HEPR insulations (see 12.7.7);

g) hot s¢t testsfor EPR, HEPR and XLPE insulations (see 12.7.8);

h) measjurement of carbon black content for black PE oversheaths (see 12.7.9);

i) testsmonded to
the oversheath (see 12.7.10 and IEC TR 61901);

j) water absorption test for insulation (see 12.7.11);

k) shrinkage test for XLPE insulation (see 12.7.12);

[) determination of hardness for HEPR insulation (see 12.7.13);

m) determination of elastic modulus for HEPR insulation (see 12.7.14);
n) shrinkage test for PE oversheath (see 12.7.15).

12.7.2 Check of cable construction

The examination of the conductor and measurements of insulation, oversheath, metal sheath
or screen, and armour shall be carried out in accordance with and shall comply with the
requirements given in 10.4, 10.6, 10.7, 10.8, 10.9 and the values declared by the
manufacturer as required in Clause 6.
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12.7.3 Tests for determining the mechanical properties of insulation before and after
ageing

12.7.3.1 Sampling

Sampling and preparation of test pieces shall be carried out as described in IEC 60811-501.

12.7.3.2 Ageing treatment

The ageing treatment shall be carried out as described in IEC 60811-401 under the conditions
specified in Table 6.

12.7.3.3 Conditioning and mechanical tests

Conditiornjing and the measurement of mechanical properties shall be carried out as-described
in IEC 60811-501.

12.7.3.4 | Requirements

The test fesults for unaged and aged test pieces shall comply with_the’requirementg given in
Table 6.

12.7.4 Tests for determining the mechanical properties of oversheaths before pnd
pafter ageing

12.7.4.1 | Sampling

Samplind and preparation of test pieces shall be carried as described in [IEC 60811-501.

12.7.4.2 | Ageing treatment

The ageipg treatment shall be carried out as described in IEC 60811-401 under the conditions
given in Table 7.

12.7.4.3 | Conditioning and mechanical tests

Conditiornjing and the measurement of mechanical properties shall be carried out as described
in IEC 6(811-501.

12.7.4.4 | Requirements

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

12.7.5 Ageing tests on pieces of complete cable to check compatibility of materials
12.7.5.1 General

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

The test is applicable to cables of all types.

12.7.5.2 Sampling

Samples for the test on insulation and oversheath shall be taken from the complete cable as
described in IEC 60811-501.
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12.7.5.3 Ageing treatment

The ageing treatment of the pieces of cable shall be carried out in an air oven, as described
in [IEC 60811-401 under the following conditions:

— temperature: (10 £ 2) K above the maximum conductor temperature of the cable in normal
operation (see Table 6);

— duration: 7 x 24 h.
12.7.5.4 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 IEC 60811-501.

12.7.5.5| Requirements

The varigtions between the median values of tensile strength and elongation“at break after
ageing, gnd the corresponding values obtained without ageing (see 12.7.3,and 12.7.4), shall
not exceg¢d the values applying to the test after ageing in an air oven_as;given in Table 6 for
insulations and in Table 7 for oversheaths.

12.7.6 Pressure test at high temperature for ST; oversheaths

12.7.6.1 | Procedure

The presgure test at high temperature for ST; oversheaths shall be carried out as degcribed in
IEC 60811-508, employing the test conditions given‘injthe test method and in Table 7.

12.7.6.2 | Requirements

The resul|ts shall comply with the requirements given in IEC 60811-508.

12.7.7 DPzone resistance test for EPR and HEPR insulation
12.7.7.1 | Procedure

EPR and|HEPR insulation_shall be tested for resistance to ozone using the samplind and test
procedurg described in lEC/'60811-403. The ozone concentration and test duration shall be in
accordanlce with Table 8:

12.7.7.2 | Requirements

The results,of the test shall comply with the requirements given in IEC 60811-403.

12.7.8 Hot set test for EPR, HEPR and XLPE insulations

EPR, HEPR and XLPE insulations shall be subjected to the hot set test described in 10.10
and shall comply with its requirements.

12.7.9 Measurement of carbon black content of black PE oversheaths
12.7.9.1 Procedure

The carbon black content of ST; oversheaths shall be carried out in accordance with
IEC 60811-605, except for semi-conductive oversheaths which shall be excluded.

12.7.9.2 Requirements

The nominal value of the carbon black content shall be (2,5 £ 0,5) %.
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Lower values are allowed for special application not exposed to UV.

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

The sample shall be subjected to the following tests:

a) visual examination (see Clause D.1);
b) adhesion strength of metal foil (see D.2.2);

c) peel strength of overlapped metal foil (see D.2.3).

The apparatus, test procedure and requirements shall be in accordance with Annex D.

12.7.11 Water absorption test on insulation
12.7.11.1 Procedure

The sampling and the test procedure shall be carried out in accordance . with IEC 60811-402
employing the conditions specified in Table 8.

12.7.11.3 Requirements

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

12.7.12 Bhrinkage test for XLPE insulation
12.7.12.1 Procedure

The sampling and the test procedure shall be\carried out in accordance with IEC 60811-502
employing the conditions specified in Table 8,

12.7.12.2 Requirements

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

12.7.13 Petermination of hardness of HEPR insulation
12.7.13.1 Procedure

The sampling and thetest procedure shall be carried out in accordance with Annex E

12.7.13.2 Requirements

The results-of-the test shall r\nmply with the rnqnlrnmnnfc cpnr\lflnr’l inTahle 8

12.7.14 Determination of the elastic modulus of HEPR insulation
12.7.14.1 Procedure

The sampling and the test procedure shall be carried out in accordance with IEC 60811-501.

The load required for 150 % elongation shall be measured. The corresponding stresses shall
be calculated by dividing the loads measured by the cross-sectional areas of the unstretched
test pieces. The ratios of the stresses to strains shall be determined to obtain the elastic
moduli at 150 % elongation

The elastic modulus shall be the median value.
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12.7.14.2 Requirements

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

12.7.15 Shrinkage test for PE oversheath

12.7.15.1

Procedure

The sampling and the test procedure shall be carried out in accordance with IEC 60811-503
employing the conditions specified in Table 7.

12.7.15.2 Requirements

The resuls—efthe-test-shal-complywith-therequirements—speeifiedintable—+~

13 Electtrical tests after installation

13.1 Ggdgneral

Tests on[new installations are carried out when the installation of the ‘eable system

complete
13.2 D(

The volt
between
conductiy

13.3 ACQ

By agregment between the purchaser and ¢he contractor, an AC voltage test betw

conductof and the metal screen in accordance with IEC 60060-3 as detailed in item

c) below may be used:

a) for U}, < 36 kV, test for 15 min-with the voltage according to Table 4, column
frequency between 10 Hz and-500 Hz;
for U}, > 36 kV, test for.60 min with the voltage according to Table 4, column
frequency between 10°Hz and 500 Hz;

b) for U}, < 36 kV, test for 15 min with the RMS rated voltage value of 3 U, at a freg
0,1 Hg;

c) test for 24 h-with the rated voltage U of the system.

d.
voltage test of the oversheath

bge level and duration specified in IEC 60229:2007, Clause 5 shall bg
each metal screen and earth. This test is_not applicable in the case
e sheaths.

voltage test of the insulation

For installations which have been in use, lower voltages and/or shorter durationg

has been

applied
of semi-

pben each

a), b) or

10 and a

10 and a

uency of

may be

used. Values should be negotiated, taking into account the age, environment, history of
breakdowns and the purpose of carrying out the test.

13.4 DC voltage test of the insulation

A DC voltage test may endanger the insulation system under test. Where possible an AC test

as descri

bed above should be used.

DC testing is not recommended, however, for a previously used test protocol, see Annex H.

13.5 Time domain reflectometry (TDR)

A TDR (time domain reflectometry) measurement could be performed for engineering
information.

If TDR equipment is to be used with the cable link, it is advisable to perform a TDR
measurement to obtain a “fingerprint” of the wave propagation characteristics of the cable.
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The propagation of the pulses used during TDR measurements is dependent upon resistance,
capacitance and inductance of the cable, see Figure 8.

Z
O <+ © P O
Key
Eg and Zg source voltage and impedance (DTR instrument)
L and R inductance and resistance of an element of cable conductor
Cand G capacitance and conductance (dielecric loss) of an element of cable’insulation
zZ terminal (load) impedance
Figure 8 — Circuit diagram for'TDR testing
(traditional transmission line diagram, Tr-model)
Table 3 — Tan & requirements for instlating compounds for cables
Designation of compound (see 4.2) EPR/HEPR XUPE
Maximum tan & 50 x 1074 10 x [0~ 2

a  For caples produced with an XLPE compound containing special additives, the maximum tan § is 50| x 1074,

Table 4 — Test voltages

1 2 3 42 52 62 72 82 92 10°P
Rated Highest | Value of U, |Voltage|Durat-| Partial Tan § Heating [ Lightn- |Voltage| Voltage
voltage || voltage for test |[ion of | dischar- [measure-| cycle ing test [test after

for determinati- |of 9-2.2 the [ge test off ment of | voltage [impulse of installat-
equipm-| on of test and |voltag| 9.2.1, 12.5.4 test voltage | 12.5.6 ion of
ent voltages 9.4.2 |e test|9.4.3 and of 12.5.5| test 13.3 a)
12.5.3 of | for15
40 - O min
1<.9.U
U Un, U, 1,73 U, Uy 2U,
kV kV kV kV min kV kV kV kV kV kV
6 to 6,6 7,2 3,6 12,5 5 6,2 3,6 7,2 60 12,5 6,2
10 to 11 12 6 21 5 10,4 6 12 75 21 10,4
13,8to 15| 17,5 8,7 30,5 5 15,1 8,7 17,5 95 30,5 15,1
20 to 22 24 12 42 5 20,8 12 24 125 42 20,8
30 to 33 36 18 63 5 31,1 18 36 170 63 31,1
45 to 47 52 26 65 30 45 26 52 250 65 52
60 to 69 72,5 36 90 30 62,3 36 72 325 90 72
2 If necessary, these test voltages shall be adjusted as stated in 12.5.1.
b If necessary, these test voltages shall be adjusted as stated in 13.3.
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Table 5 — Non-electrical type tests for insulating and oversheath compounds for cables

Designation of compound Insulation PE sheath
(see 4.2 and 5.6)
EPR HEPR XLPE ST,
Checks on construction Applicable irrespective of insulation and

Water penetration test 2 oversheathing materials

Dimensions

Measurements of thicknesses X X X X

Mechanical properties
(Tensile strength and elongation at break)

a) withoytageing X. X. X. X
b) after ggeing in air oven X X X X
c) after ggeing of the complete cable X X X X
(compgtibility test)

Pressure {est at high temperature - - - X
Ozone redistance test X X

Hot set tept X X X -
Water absporption X X X -
Shrinkage]test - - X X
Carbon black content P - - - X
Determingtion of hardness < X - -
Determingtion of elastic modulus = X - -

x indicate$ that the type test shall be applied.

8 LWP ¢, LWP b, and RWP to be applied as applicable, see 12.6.1.

b For blgck oversheaths where applicable only, sée 12.7.9.
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Table 6 — Test requirements for mechanical characteristics of insulating compounds
for cables (before and after ageing)

Designation of compounds (see 4.2) EPR HEPR XLPE

Maximum conductor temperature in normal operation (see 4.2) °C 90 90 90
Without ageing (IEC 60811-501)
Tensile strength, minimum N/mm? 4,2 8,5 12,5
Elongation-at-break, minimum % 200 200 200
After ageing in air oven (IEC 60811-401)
After ageing without conductor
Treatmeng
- temperature °C 135 185 135
- tolefance °C +3 +3 +3
- durgtion h 168 168 168
Tensile sfrength:
a valye after ageing, minimum N/mm? - - -
b varigtion*, maximum %6 +30 +30 +25
Elongatign-at-break:
a valye after ageing, minimum % - - -
b variption*, maximum % +30 +30 +25
* Variatidn: difference between the median value obtained dfter ageing and the median value obtained without|

ageing pxpressed as a percentage of the latter.
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Table 7 — Test requirements for mechanical characteristics of oversheathing

IEC 63026:2019 © IEC 2019

compounds for cables (before and after ageing)

Designation of compound (see 5.6) Unit ST,
Without ageing
(IEC 60811-501)
Minimum tensile strength N/mm?2 12,5
Minimum elongation at break % 300
After ageing in air oven
(IEC 60811-401)
Treatment: temperature °C 110
tolerance K +2
duration 240
Elongation [at break
minimum value after ageing % 300
Shrinkage {est (IEC 60811-503)
Temperatufe (tolerance +2 K) °C 80
Heating, dyration h 5
Heating cy¢les 5
Maximum ghrinkage % 3
Pressure tgst at high temperature
(IEC 60811-508)
Test temperature °C 110
Tolerance K +2
Maximum ipdentation % 50
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Table 8 — Test requirements for particular characteristics
of insulating compounds for cables

Designation of compounds (see 4.2) EPR HEPR XLPE
Ozone resistance (IEC 60811-403)
Ozone concentration (by volume) % 0,025 0,025 -
to to

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

Hot set test (IEC 60811-507)

Treatment:

- air termperature—{teleranee—=+3—63 G 256 256 200
- medhanical stress N/cm? 20 20 20
Maximun] elongation under load % 175 175 175
Maximun] permanent elongation after cooling % 15 15 15

Water abporption (IEC 60811-402)

Gravimetfic method:

temperdture (tolerance 2 °C) °C 85 85 85
duratio h 336 336 336
Maximun increase of mass mg/cm? 5 5 18

Shrinkagg test (IEC 60811-502)

Distance |L between marks mm - - 200
temperdture (tolerance 3 °C) °C - - 130
duratio h - - 1

Maximun shrinkage % - - 4

Determinption of hardness (see Annex E)

IRHD °, rhinimum - 80 -

Determinption of elastic modulus (see12.7.14)

Modulus pt 150 % elongation, mininium N/mm? - 4,5 -

a An incrgase greater than 1 mg/em? is being considered for densities of XLPE greater than 1 g/cm3.

b |RHD: ihternational rubber-hardness degree.
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Annex A
(normative)

Methods of heating the test cable and determination
of the cable conductor temperature

A.1  Purpose

EC 2019

For some tests, it is necessary to raise the cable conductor to a temperature 5K to 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 condlictor to enable direct measurement of the temperature.

For both
one of t
maintain
temperat

e methods described in Clause A.2. The temperature of the conductor(s) s
d within a restricted range (5 K) for the period of time specified whereas thq
Ure may vary over a wider range. Therefore, the relevant-method (for {

single- and three-core cables, all cores shall be heated by conductor currgnt using

hould be
ambient
ingle- or

three-corge cables) specified in Annex A shall be used, in which the conductor tempergture can

be monit

A2 M

A.21

bred and controlled throughout the duration of the test.

lethods of heating armoured cables for the electrical test

Single-core cables

Single-cdre cables shall be heated by conductor eurrent only. The arrangement is ghown in

Figure A.

1.

4

-
-

5
3
6 -
2
4
IEC
Key
1 test voltage 4  cable in U bend
2 cable under test 5 current inducing transformer
3 terminations 6  current measuring transformer

Figure A.1 — Arrangement for heating of single-core armoured cables
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A.2.2 Three-core cables

Three-core cables will usually be armoured with galvanized steel wires which are magnetic
and thus are very susceptible to heating of the armour, due to induced eddy currents. Thus, to
heat the cable for testing, a balanced 3-phase current shall be applied to the conductors to
minimize this effect.

One of the following two arrangements shall be used:

a) 3-phase heating with loading transformers on each core (in a section where the individual
cores have been separated at the end of the test cable) and with all the conductors
connected together at both ends. The loading transformers shall be fed such that the
current in the cable cores is 3-phase and of equal magnitude in each conductor to within
12 %[ See Figure A.Z.

IEC

Key
1 testyvoltage connected at one end 4 cable in U bend
only.
2 cable under test 5 current inducing transformer
3 terminations 6 current measuring

transformer

Figure A.2 — Arrangement 1 for heating of three-core armoured cables

b) As method a) but with the ends of each conductor connected together to carry the heating
current (normally using a busbar at high voltage). A single connection is then made
between the cores to apply the high voltage to all cores for AC tests. For the lightning
impulse test, in the case when it is preferred to carry out a separate lightning impulse test
on each core of the cable, then the single connection between the cores may be removed
and the impulse voltage test applied to one core at a time. However, in all cases the
loading transformers shall be fed such that the current in the cores is 3-phase and of
equal magnitude in each core to within £2 %. See Figure A.3.

Method b) may be chosen for example when it is desired to reduce the load capacitance for
the impulse test due to the equipment available.
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2
4
IEC
Key
1 test voltage connected to 1 or 3 cores 5 current inducing transformer
as required
2 cable under test 6 current measuring transformer
3 terminations 7 core number
4 cable in U bend 8 clearance between busbars

suitable to withstand lightning
impulse test voltage

Figure A.3 — Arrangement 2 for heating of three-core armoured cables

A.3 Measurement of the'temperature of the test cable

A.3.1 General

The condluctor temperature of the test cable is determined by direct measuremept of the
temperathre of-the conductor(s) of a second length of cable which is carrying the same
current apd,/is.in the same thermal environment as the cable under test.

The cable used for temperature measurement (hereafter called the reference cable) shall be
taken from the same length as the test cable.

A.3.2 Installation of cable and temperature sensors
A.3.21 General

The reference cable shall have a length of at least 10 m and shall 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.

The reference cable shall be a straight length and it may be installed outside the high voltage
bay but in the same ambient conditions as the test cable.
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In order to install temperature sensors in the reference cable conductor it is necessary to cut
through the outer layers of the cable to reach the conductor. Removal or unwinding of the
outer serving and armour layers, followed by their replacement, is not allowed as this is likely
to alter the thermal behaviour of the cable. A hole of no more than 20 mm diameter may be
cut in the outer serving and armour in order to fit the temperature sensors. Any hole cut in this
way shall be reinstated after installation of the temperature sensor.

Dimensions in millimetres

y
A

Y
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1 2 3 4
IEC
Key
1 conductor 5 flexible thermal insulating
compound
2  semi-conducting screen 6 temperature sensor
3 insulation 7  outer serving and armour

4 metaltscreen

Figure A.4 = Installation of the temperature sensors in the conductor(s)
of the reference cable

A.3.2.2 Single-core cable

A temperature sensor shall be installed in the conductor at the centre of the reference
cable (TC,).

Two other temperature sensors, TC, and TCjy, shall be installed on the conductor of the
reference cable (see Figure A.5), each one about 1 m away from the centre.

The temperature sensors should be attached to the conductor by mechanical means since
they may move due to vibration of the cable during heating. Care should be taken to maintain
good thermal contact with the conductor during the tests and to prevent leakage of heat to the
surrounding environment. It is recommended that the temperature sensor(s) are installed as
shown in Figure A.4. To enable access to the conductor in the middle of the reference cable,
a small hatch may be made by careful removal of the layers above the conductor. After
installing the temperature sensor(s), the layers that have been removed may be replaced to
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 TC,, TC, and TC5 should be less than 2 K when the cable is at high temperature.

Dimensions in

1000 _ 1000

i

millimetres

A.3.2.3

The inst
described in A.3.2.2 above, but with the following.differences (see Figure A.6):

three
cable

(TCys
each

In the
cores
instal

B 1IN

3 4 1 Ec
Key
1 reference cable 3 current inducing/Aransformer
2  current connection 4  current measuring transformer

Three-core cable

temperature sensors shall be installed in one of the conductors of the
one at the centre (TC44) and two, each 1 m away from the centre, on ¢

and TC,3). In addition, one temperature sensor shall be installed in the con
pf the other two cores at.the centre of the length (TC, and TCg,).

case of a three-core cable it is necessary to determine the radial positi

ation can be cartied out. The following method is recommended:

Adjust the current’in the conductors of the reference cable for an estimated ¢

te

u
ou
(of:

mperature-efiapproximately 60 °C.

be thermal imaging equipment to locate the hottest circumferential positior
ter serving of the cable at the centre of the length and at 1 m on either si
ntre,

Figure A.5 — Reference cable for heating of single-core armoured cables

bllation of temperature sensors on a_three-core cable shall be carried out as

eference
ach side

ductor of

bn of the

at the positions<ab which temperature sensors are to be installed, bgfore the

onductor

s on the
de of the

Install temperature sensors in the conductors at positions as specified above in

A.

3.2.3.

Increase the current in the conductors of the reference cable to determine the current
necessary to achieve a temperature for the cable equal to 5 K above the maximum
temperature in normal operation. Either manual or automatic control of the conductor
current can be used to control the temperature within the specified range for the

re

quired time. The system used can be set up and adjusted at this time.
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Dimensions in

millimetres

A4 H

The inst3
performe

The test

The temg
referencd
to be thdg
three-cor
centre of
under tes

All tempgd
heating g
througho

1000 1000
TC
L 31
/
(o]
/? /? \ A
TC,, TC,, TC,, TC,, \1
Key
1 reference cable 3 current inducing transformer

2 current measuring transformer

Figure A.6 — Reference cable for heating of three-core armoured cables

pating for the test

Ilation of the cable under test, the reference-cable and temperature sensors
d as given in Figure A.1 to Figure A.6.

shall be carried out in a draught-frege;area at ambient temperature.

erature measured with tempetature sensor TC,4 on the conductor(s) of a si
cable or TC44, TC,4 and(TC54 of a three-core reference cable shall be cq
same as the conductorytemperature of the energized test cable. In the ¢
e cable the average of the three values of conductor temperature measur

the reference cable-shall be taken as the temperature of the conductors of
t.

urrent jn éach conductor of both the reference and test cables shall also be
Lt thesduration of the test.

shall be

ngle-core
nsidered

ase of a
bd at the
he cable

rature sensors shall be connected to an instrument to record the temperatiires. The

recorded

Before cd

mmnnhing the test, both reference and test cables shall be at ambient fnmp

rature.

The average current of the three phases of the cable under test shall be the same as the
average current of the three phases of the reference cable with a tolerance of +2 %.

Both the reference and test cables shall be heated until the conductor temperatures, indicated
by temperature sensor TC,, of Figure A.5 or temperature sensors TC,4, TCy4 and TCy, of

Figure A.6, have stabilized and reached the temperature between 5 K and 10 K above the
maximum conductor temperature of the cable in normal operation (taking the average of the
three temperatures in the case of a three-core cable), as given in Table 2.

The heating current(s) of both loops should be adjusted such that the conductor temperature
(taking the average of the three temperatures in the case of a three-core cable) is kept within
the specified limits for the time necessary for the test being carried out.
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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 remain unchanged (rounding down).

If the figlllre in the last place to be retained is followed, before rounding, by 9, 8, 7;
shall be increased by one (rounding up).

EXAMPLE
2,449 2,45 rounded to two decimal plages
2,449 2,4 rounded to one decimal(place
2,453 2,45 rounded to two decimalMplaces
2,453 2,5 rounded to onge decimal place
25,047 8 25,048 rounded to three decimal places
25,047 8 25,05 rounded\to two decimal places
25,047 8 25,0 rounded to one decimal place

6 or 5, it
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