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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH VOLTAGE DIRECT CURRENT (HVDC) POWER TRANSMISSION -
CABLES WITH EXTRUDED INSULATION AND THEIR ACCESSORIES FOR
RATED VOLTAGES UP TO 320 kV FOR LAND APPLICATIONS -
TEST METHODS AND REQUIREMENTS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee 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 collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage 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
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 62895 has been prepared by IEC technical committee 20: Electric
cables.

The text of this standard is based on the following documents:

FDIS Report on voting
20/1708A/FDIS 20/1726/RVD

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

This publication 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 publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

As a result of major developments in cable systems with extruded insulation for high voltage
DC (HVDC) applications, CIGRE study committee B1 set up working group (WG) B1.32 in
2008 with the aim to prepare recommendations for testing DC extruded cable systems for
power transmission at a rated voltage of up to 500 kV.

The recommendations of WG B1.32 were published in TB 496 in April 2012. At the time of
preparing the CIGRE recommendation there was laboratory experience at voltages up to and
including 500 kV, but operating experience was limited to 200 kV. At the time of preparation of
this standard several projects up to 320 kV are in progress and many others are planned for
the near future.

A list of relevant references is given in the Bibliography.
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HIGH VOLTAGE DIRECT CURRENT (HVDC) POWER TRANSMISSION -
CABLES WITH EXTRUDED INSULATION AND THEIR ACCESSORIES FOR
RATED VOLTAGES UP TO 320 kV FOR LAND APPLICATIONS -
TEST METHODS AND REQUIREMENTS

1 Scope

This International Standard specifies test methods and requirements for HVYDC transmission
power cable systems, employing cables with extruded insulation and their accessories, for
fixed land installations, for rated voltages up to and including 320 kV.

Within the scope of this standard “extruded insulation” means insulation manufactured by
extrusion of either thermoplastic (e.g. polyethylene) or crosslinked (e.g. crosslinked
polyethylene, ethylene propylene rubber, etc.) material. The insulation material may be either
unfilled or filled (e.g. with mineral or carbon).

The requirements apply to single-core cables in combination with their accessories, outdoor
and terminations for gas insulated systems, joints, and asymmetric joints for usual conditions
of installation and operation, but not to special cables and their accessories, such as
submarine cables, for which modifications to the standard tests may be necessary or special
test conditions may need to be devised.

2 Normative references

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

, High-voltage test techniques — Part 2: Measuring systems

, Conductors of insulated cables

, Electric cables — Tests on extruded oversheaths with a special protective function
, Impulse tests on cables and their accessories

IEC 60287-1-1:2008, Electric cables — Calculation of the current rating — Part 1-1: Current
rating equations (100 % load factor) and calculation of losses — General
IEC 60287-1-1:2006/AMD1:2014

EC 60332-1-4, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW pre-
mixed flame

IEC 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)

IEC 60811-201|, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 201: General tests — Measurement of insulation thickness

IEC 60811-209, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 202: General tests — Measurement of thickness of non-metallic sheath Documents
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IEC 60811-203, Electric and optical fibre cables — Test methods for non-metallic materials
Part 203: General tests — Measurement of overall dimensions

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

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

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

IEC 60811-412, Electric and optical fibre cables — Test methods for non-metallic materials
Part 412: Miscellaneous tests — Thermal ageing methods — Ageing in an air bomb

IEC 60811-501|, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 501: Mechanical tests — Tests for determining the mechanical properties of insulating and
sheathing compounds

IEC 60811-508, Electric and optical fibre cables — Test methods for non-metallic materials
Part 505: Mechanical tests — Elongation at low temperature for insulations and sheaths

IEC 60811-506, Electric and optical fibre cables — Test methods for non-metallic materials
Part 506: Mechanical tests — Impact test at low temperature for insulations and sheaths

IEC 60811-507), Electric and optical fibre cables — Test methods for non-metallic materials
Part 507: Mechanical tests — Hot set test for cross-linked materials

IEC 60811-508, Electric and optical fibre cables — Test methods for non-metallic materials
Part 508: Mechanical tests — Pressure test at high temperature for insulation and sheaths

IEC 60811-509, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 509: Mechanical tests — Test for resistance of insulations and sheaths to cracking (heat
shock test)

IEC 60811-605, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 605: Physical tests — Measurement of carbon black and/or mineral filler in polyethylene
compounds

IEC 60811-608, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 606: Physical tests — Methods for determining the density

IEC 62067, Power cables with extruded insulation and their accessories for rated voltages
above 150 kV (U, = 170 kV) up to 500 kV (U,, = 550 kV) — Test methods and requirements

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

3.1 Definitions of dimensional values (thicknesses, cross-sections, etc.)

3.11
nominal value
value by which a quantity is designated and which is often used in tables

Note 1 to entry: In this standard, nominal values usually give rise to values to be checked by measurements

taking into account specified tolerances.

3.1.2

median value

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

3.2.1

routine test

test carried out by the manufacturer on each manufactured component (length of cable or
accessory) to check that the component meets the specified requirements

3.2.2

sample test

test carried out by the manufacturer on samples of complete cable, or components taken from
a complete cable or accessory, at a specified frequency, so as to verify that the finished
product meets the specified requirements

3.2.3

type test

test carried out before supplying, on a general commercial basis, a type of cable system, in
order to demonstrate satisfactory performance characteristics to meet the intended
application

Note 1 to entry: Once successfully completed, these tests need not be repeated, unless changes are made in the
cable or accessory with respect to materials, manufacturing process, design or design electrical stress levels,
which might adversely change the performance characteristics.

3.2.4

prequalification test

PQ test

test carried out before supplying, on a general commercial basis, a type of cable system, in
order to demonstrate satisfactory long term performance of the complete cable system

Note 1 to entry: The PQ test need only be carried out once unless there is a substantial change in the cable
system with respect to material, manufacturing process, design or design electrical stress levels.

Note 2 to entry: A substantial change is defined as that which might adversely affect the performance of the cable
system. The supplier should provide a detailed case, including test evidence, if modifications are introduced, which
are claimed not to constitute a substantial change.

3.25
electrical test after installation
test carried out to demonstrate the integrity of the cable system as installed

3.2.6

development test

test carried out on test objects to characterize the properties and performance of elements of
the cable system or of selected materials and material combinations

3.3 Other definitions

3.3.1

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 stress
electrical stress calculated at U, using nominal dimensions and constant material

characteristics

Note 1 to entry: See 4.1.

3.3.3
test object
object which is a cable length or an accessory to be subjected to testing

3.34
return cable
cable, which is typically a low/medium voltage DC cable used for the return current in

monopolar operation of HVDC schemes. Documents
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Note 1 to entry: A return cable can either be connected over the full length between the converters or can only be
connected for part of the length connecting a converter to an electrode station

3.3.5

transmission cable

cable which is a high voltage cable of a monopolar or bipolar scheme, and which is connected
to the HV terminal at the DC side of the converter

3.3.6
test loop
cable loop which is a combination of series connected test objects simultaneously under test

SEE: Figure 1.

3.3.7

line commutated converter

LCC

converter system that has the feature of changing voltage polarity on the cable system when
the direction of power flow is reversed

Note 1 to entry: See |EC 60633.

Note 2 to entry: This note 2 only applies to the French language.

3.3.8

voltage source converter

VSC

converter system that does not change the voltage polarity of the cable system when the
direction of power flow is reversed

Note 1 to entry: This note only applies to the French language.

3.3.9

extrusion length

length of cable conductor with the insulation and semiconducting layers continuously extruded
in the same non-interrupted extrusion operation

3.3.10

manufacturing length

whole extrusion length (or parts thereof if cut), where construction elements (outside the outer
semiconducting layer) have been applied

3.3.11
delivery length
typically the completed cable length on a drum for a cable

3.3.12

field joint

joint between two cables that is completed with all construction elements and in a state as
installed in the field in the actual cable system

3.3.13
asymmetric joint
joint, which connects two cables with the same insulation system, but of different design

Note 1 to entry: An asymmetric joint is for instance a joint between cables of different conductor, insulation or
screen dimension

4 Voltage designations and materials

4.1 Rated voltage

Uy is the rated DC voltage between conductor and metal screen/sheath for which the cable
system is designed. It is used to determine the DC test voltages Uy, Urpq and Uqp,.
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4.2 (spare)
4.3 Cable insulating materials

This standard applies to cables insulated with the materials listed in Table 1. It also specifies,
for cables with each type of insulating compound, the maximum operating conductor
temperatures on which the specified test conditions are based.

For insulation materials, which deviate from this list of materials, the test program for all non
electrical tests on the insulation material shall be agreed between manufacturer and
customer.

4.4 Cable metal screens/sheaths
4.4.1 General
This standard applies to the various designs in use. It covers designs providing a radial water
tightness, as follows:
e metal sheaths,
e metal screens, as described in IEC TR 61901:2016, 3.3:
— longitudinally applied metal tapes or foils bonded to the oversheath,

— composite screens, involving a bundle of screen wires and, in addition, a metal tape or
foil bonded to the oversheath, acting as a radial water impermeable barrier.

In all cases the metal screen/sheath should be able to carry the total fault current.
4.4.2 Metal sheath

A metal sheath made of lead or aluminium or their alloys, which is seamless or welded and
smooth or corrugated.

4.4.3 Combined design (CD)
A metal screen in combined design combines radial watertightness and electrical properties,
by different components:
e insulation system;
e semi-conductive bedding (water swellable if required);
e thick metal foil either welded or glued, that carries the full short circuit current
— coated, and

— bonded to the outer sheath, usually ST.

Additional wires can be added to match the short circuit requirement. The metal foil is usually
aluminium; copper can be used as well.

4.4.4 Separate design (SD)

A metal screen in separate design manages radial watertightness and electrical properties, by
different metal components:

e insulation system;

e copper or aluminium wires;

o water swellable tapes to block the screen area;

e coated laminated metal foil i.e. for example Al 0,2 mm + 0,05 mm coating on one side;

e oversheath, usually ST.

The foil is usually aluminium; copper or other metal laminated foils can be used.
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4.5 Cable oversheathing materials

Tests are specified for four types of oversheath, as follows:

e ST, and ST, based on polyvinyl chloride (PVC);
e ST;and ST, based on polyethylene (PE).

The choice of the type of oversheath will depend on the design of the cable and the
mechanical, thermal and fire constraints during operation.

The maximum conductor temperatures in normal operation for different types of oversheathing
materials covered by this standard are given in Table 2.

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

5 Precautions against longitudinal water penetration in cables

The cable can include a system preventing the longitudinal penetration of water between the
insulation screen and the metal screen/sheath, or in the conductor.

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

A test for longitudinal water penetration is given in Annex E.

If water blocking materials are used, special care for detrimental effect of such materials to
the insulation properties is required.

NOTE A test for radial water penetration is under consideration.
6 Cable characteristics

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

a) Name of manufacturer, type, designation and manufacturing date or date code.

b) Rated voltage U, (see 4.1).

c) Type of conductor, its material and nominal cross-section, in square millimetres; conductor

construction; presence, if any, and nature of measures taken to achieve longitudinal
watertightness. If the nominal cross-sectional area is not in accordance with |[EC 60228,

the DC conductor resistance corrected to 1 km length and to 20 °C shall be declared.

d) Material and nominal thickness of insulation (z,) (see 3.1 and 4.3).

e) Type of manufacturing process for insulation system.
f) Presence, if any, and nature of watertightness measures in the screen area.

g) Material and construction of metal screen, for example number and diameter of wires,
whether the metal screen is in combined or separate design — where applicable (the DC
resistance of the metal screen shall be declared.); material, construction and nominal
thickness of metal sheath, or longitudinally applied metal tape or foil bonded to the
oversheath, if any.

h) Material and nominal thickness of oversheath.
i) Nominal diameter of the conductor (d).
j) Nominal overall diameter of the cable (D).

k) Nominal inner diameter (d;;) and calculated nominal outer diameter (D,,) of the insulation.

[) Nominal capacitance for a frequency between 49 Hz and 61 Hz, corrected to 1 km length,
between conductor and metal screen/sheath.
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m) Calculated Laplace nominal electrical stress at the conductor screen (E;) and at the
insulation screen (E,): for constant material properties and without field distortion from
space charges

o 2Up
' dyxIn(Dg | dy)

b 2
° Dy xIN(Dyg / dyj)

where
DiO = d“ + 2tn,
d is the declared nominal inner diameter of the insulation;

D is the calculated nominal outer diameter of the insulation;

io

t is the declared nominal insulation thickness.

n

NOTE Due to different effects the real stress in the cable can be different from this calculated Laplace
nominal stress.

n) Calculated average nominal stress, which is the rated voltage U, divided by the nominal
insulation thickness ¢,

0) Maximum temperature difference AT, over the cable insulation in steady state (not
including semiconducting screens) at which the cable is designed to operate.

p) Maximum declared conductor temperature T.,,4q max» Which is defined by the cable

manufacturer and shall not be exceeded during operation. This maximum declared
conductor temperature shall be lower than or equal to the material specific maximum
conductor temperature of 4.3.

7 Accessory characteristics

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

The following characteristics shall be known or declared:

a) cables used for testing accessories shall be correctly identified according to Clause 6;

b) conductor connections used within the accessories shall be correctly identified, where
applicable, with respect to

assembly technique,
— tooling, dies and necessary setting,
— preparation of contact surfaces,
— type, reference number and any other identification of the connector,
— details of the type test approval of the connector if applicable;
c) accessories to be tested shall be correctly identified with respect to
— name of manufacturer,
— type, designation and manufacturing date or date code,
— rated voltage (see Clause 6, item b) above),

— installation instructions (reference and date).
8 Test objects & conditions

8.1 Definitions concerning test objects

Test objects are transmission cables and their accessories. 0,5 m of cable on eithegafcgjments
accessory is considered to be part of the accessory for both determination of t
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length and allocation of failure between cable and accessory, should this occur. The return
cable is referred to in Annex I.

A possible configuration of test objects in a test loop is shown in Figure 1. Special definitions
are described hereafter.

a
.

IEC

Key

Test object joint

Optional, one or more additional test objects

Test object termination (may be of different design)

0,5 m cable next to the accessory is deemed to be part of the accessory
Minimum 5 m cable between the accessories

oo b WN -

Test object cable: min. 10 m

Figure 1 — Example of configuration of test objects within a test loop

8.2 Test voltages

Ut is the DC voltage during the type test and routine test. For the scope of this
standard Ut = 1,85 Uj.

Utpq is the DC voltage during the PQ test (heating cycle test), type test (polarity
reversal test) and test after installation. For the scope of this standard
UTP1 = 1,45 UO

Utpo is the DC voltage during the PQ polarity reversal test. For the scope of this
standard Utp, = 1,25 Uj.

Up is, for the type test, 1,15 x the maximum absolute peak value (Figure 2) of the
lightning impulse voltage, which the cable system can experience when the
impulse has the opposite polarity to the actual DC voltage. For the PQ test,
Upq = 2,1 Uy, if required.

Upz s is 1,15 x the maximum absolute peak value (Figure 2) of the switching impulse
voltage, which the cable system can experience when the impulse has the same
polarity as the actual DC voltage.

Upz.0 is, for the type test, 1,15 x the maximum absolute peak value (Figure 2) of the

switching impulse voltage which the cable system can experience when the
impulse has the opposite polarity to the actual DC voltage.

For the PQ test, Upy o = 1,2 Uj.

Urc.AC is the maximum peak voltage a return cable can be subjected to due to temporary

damped alternating overvoltage. This voltage is typically induced by a
commutation failure, and the value should be supported by the customer.

Urc.pc  is the maximum DC voltage in normal operation of the return cahle Documents
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The ripple content of the DC test voltages shall not be greater than 3 %.

Measuring shall be done with an approved measuring system according to [EC 60060-2.

NOTE 1 The basis for the selection of test factors is described in CIGRE Technical Brochure 496.
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Figure 2 — Schematic representations of the switching impulse
and lightning impulse test voltages

NOTE 2 Due to the constraints within the DC system design, Upy s does not necessarily equal Upy o i.e. the
same polarity impulse is limited by surge arresters, but the opposite polarity impulse can be limited by the
converter.

8.3

The heating method used shall be conductor heating only. The heating may be achieved by
either DC or AC current, possibly in combination with external thermal insulation. Conductor
temperature, external cable temperature on the oversheath and ambient temperature shall be
measured and reported during the whole duration of the tests. The actual AT and T

during testing need to be demonstrated (see Annex A).

Thermal conditions

max cond

NOTE 1 Typical tolerance of T, is -0 K +5 K but heating cycles with higher values are valid.

con

NOTE 2 The temperature difference AT __ can be calculated from the measured conductor temperature and the
measured temperature on the outer surface of the insulation screen

Full document details: BS IEC 62895:2017
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Heating cycles heating cycles consist of both a heating period and a cooling period.
(HC)
e “24 hours” heating cycles (for PQ and type tests) consist of at least
8 h of heating followed by at least 16 h of natural cooling. During at
least the last 2 h of the heating period, the conductor temperature >
Tcond,max @nd a temperature drop across the insulation > AT ,, shall
be maintained. For the type test the temperature of the conductor
before beginning the next heating cycle shall not be higher than the
ambient temperature + 15 K; this value shall be lower than 45 °C.

e “48 hours” heating cycles (for type test only) consist of at least 24 h
of heating followed by at least 24 h of natural cooling. During at least
the last 18 h of the heating period, the conductor temperature
2 Teond.max @nd a temperature drop across the insulation > AT,
shall be maintained. The temperature of the conductor before
beginning the next heating cycle shall not be higher than the ambient
temperature + 15 K; this value shall be lower than 45 °C. 48 h heating
cycles are only required as part of the type test procedure to ensure
that electrical stress inversion is well advanced within the cycle.

Continuous Within the first 8 h of the continuous heating period a conductor
heating (CH) temperature > T, 4 max @nd a temperature drop across the insulation

> AT ,ax Shall be achieved and maintained for the rest of this period .

If, for practical reasons, the specified temperatures cannot be reached
within the first 8 h, a longer time may be used. This additional time shall
not be constituted as being part of the test period.

Zero heating No heating is applied.

(ZH)

Impulse test Conductor temperature > T. ;4 max @nd temperature drop across the
insulation > AT ,, shall be reached for a minimum 10 h before voltage
impulses (superimposed impulse, switching, lightning) are applied and
shall be maintained throughout the duration of the test .

Ambient Unless otherwise specified in the details for the particular test, tests shall

temperature be carried out at an ambient temperature of (20 + 15) °C.

8.4 Polarity reversal test

The voltage and temperature conditions are defined in 8.2 and 8.3 respectively. Starting with
positive voltage, the voltage polarity shall be reversed three times every “24 hours” heating
cycle (evenly distributed) and one reversal shall coincide with the cessation of heating current
in every “24 hours” heating cycle. The recommended time duration for a polarity reversal is
within two minutes.

If, for practical reasons, polarity reversals cannot be achieved within two minutes, the duration
for polarity reversals shall be agreed between customer and supplier.

8.5 Superimposed impulse voltage test
8.5.1 General

Prior to the first impulse of each test the test object shall be heated so that the steady state

temperature conditions as defined in 8.3 (CH) are achieved for at least 10 h and the test

object shall have been subjected to U, (of the relevant polarity) for at least 10 h. In the case

of interruptions of DC voltage of less than 5 minutes the total time of application of DC voltage

need not be increased. However in the case of interruption of the DC voltage of r m

minutes up to a maximum of 90 minutes the DC voltage can be reapplied and the rpﬁ ¥ ents
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application of the DC voltage must be increased by 120 minutes. These conditions have been
selected to reflect the electrical dynamics present within extruded insulations used for HVDC.

Superimposed impulse voltage shall be applied according to the procedure given in
EC 60230.

8.5.2 Superimposed lightning impulse voltage
The test waveform shall be according to JEC 60230.

8.5.3 Superimposed switching impulse voltage

The test waveform shall be according to |EC 60230.

8.6 Relationship between test voltages and rated voltages

The test voltages are specified in this standard as multiples of the rated voltage Uj.

8.7 Determination of the cable conductor temperature

The test method described in Annex A shall be used to determine the actual conductor
temperature.

8.8 Rest period

Between test periods with opposite DC voltage the cable should be exposed to a rest period.
In this period the cable is discharged first followed by no voltage under continuous heating at
a conductor temperature > T4 max @nd at a temperature drop across the insulation > AT, ,,

for a period of at least 24 h. For not less than 8 h out of this 24 h rest period the conductor
should be grounded.

This shall not be applicable to the polarity reversal test of LCC.
During the rest period the outer surface of the cable terminations may be cleaned.

The discharge of the cable should be performed with the help of a discharging resistor
dimensioned to avoid rapid voltage change.

9 Routine tests on cables and on the main insulation of prefabricated
accessories

9.1 General

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

delivered accessory.

a) voltage test (see 9.2);

b) electrical test on oversheath of the cable, if required (see 9.3).

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

The main insulation of prefabricated accessories shall undergo voltage (see 9.2) routine tests

according to either 1), 2) or 3) below:

1) on the main insulation of prefabricated accessories installed on cable;

2) by using a host accessory into which a component of an accessory is substituted for test;

3) by using a simulated accessory rig in which the electrical stress environment of a main
insulation component is reproduced.

In cases 2) and 3), the test voltage shall be selected so as to obtain stresses at least the
same as those on the component in a complete accessory when subjected to the test voltages
specified in 9.2 and 9.3.

NOTE The main insulation of prefabricated accessories consists of the components that come in direct contact
with the cable insulation and are necessary and essential to control the electrical field distribution in the accessory.
Examples are premoulded or precast elastomer or filled epoxy resin insulating components that can be used singly
or jointly to provide the necessary insulation or screening of accessories.
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9.2 Voltage test

Every delivery length of cable and each individual prefabricated accessory shall be submitted
to a negative DC voltage equal to the test voltage defined for the heating cycle test Ut and

applied between conductor and metal screen/sheath for 1 h at ambient temperature.

An AC test combined with PD measurement is recommended — where suitable. Test
parameters shall be agreed between manufacturer and customer.

No breakdown of the insulation shall occur.

9.3 Electrical test on oversheath of the cable

When the test is required by the particular contract, the cable oversheath shall be subjected
to the electrical test specified in JEC 60229:2007, 3.1.

10 Sample tests on cables

10.1 General

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

a) conductor examination (see 10.4);

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

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

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

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

g) measurement of capacitance (see 10.10);

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

i) impulse voltage test (see 10.12);

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

k) adhesion and peel strength of the laminated metal foil of cables with longitudinally applied
metal foil, bonded to the oversheath (see 10.14).

If an insulation material that is not given in Table 1 is used, requirements for the non-
electrical tests in items f) and h) shall be agreed between manufacturer and customer

10.2 Frequency of tests

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

The frequency of the tests in items i) and j) in 10.1 shall be in accordance with agreed quality
control procedures. In the absence of such an agreement, one test shall be made for
contracts with a cable length up to 20 km and one additional test every additional 50 km
delivered cable length.

10.3 Repetition of tests

If the sample from any length selected for the tests fails in any of the tests in Clause 10,
further samples shall be taken from two further lengths of the same batch and subjected to
the same tests as those in which the original sample failed. If both additional samples pass
the tests, the other cables in the batch from which they were taken shall be regarded as
having complied with the requirements of this standard. If either fails, this batch of cables
shall be regarded as having failed to comply.
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10.4 Conductor examination

Compliance with the requirements of |EC 60228 for conductor construction shall be checked
by inspection and measurement when practicable.

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

The cable length, or a sample thereof, shall be placed in the test room, which shall be
maintained at a reasonably constant temperature for at least 12 h before the test. If there is a
doubt that the conductor or metal screen temperature is not the same as the room
temperature, the resistance shall be measured after the cable has been in the test room for
24 h. Alternatively, the resistance may be measured on a sample of conductor or metal
screen, conditioned for at least 1 h in a temperature-controlled liquid bath.

The DC resistance of the conductor or metal screen shall be corrected to temperature of
20 °C and 1 km length in accordance with the formulae and factors given in . For
screens other than copper or aluminium, temperature coefficients and correction formulae
shall be taken respectively from Table 1 and |EC 60287-1-1:2004, 2.1.1.

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

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

10.6 Measurement of thickness of insulation and cable oversheath

10.6.1 General

The test method shall be in accordance with |[EC 60811-201 for insulation and |[EC 60811-202
for sheath.

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 lowest measured thickness shall not fall below 90 % of the nominal thickness:

trmin = 0,90

min =

and additionally:

max ~ Imin <0.10
Imax

where
Imax 18 the maximum thickness, in millimetres;
tmin 1S the minimum thickness, in millimetres;

t is the nominal thickness, in millimetres.

n

NOTE fax @nd ¢ . are measured at the same cross-section of the insulation.

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

10.6.3 Requirements for the cable oversheath

The lowest measured thickness shall not fall below 85 % of the nominal thickness by more
than 0,1 mm:

tmin = 0,85 ¢, — 0,1
where

t is the minimum thickness, in millimetres;

min
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t is the nominal thickness, in millimetres.

n

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

The latter requirement does not apply to oversheaths applied onto an irregular surface, such
as one formed by metal screens of wires and/or tapes or corrugated metal sheaths.

10.7 Measurement of thickness of metal sheath

10.7.1 Lead or lead alloy sheath

10.7.1.1  General

If the cable has a lead or lead alloy sheath, the minimum thickness of the metal sheath shall
not fall below 95 % of the nominal thickness by more than 0,1 mm:

fmin = 0,95 ¢, — 0,1
The thickness of the lead sheath shall be measured by one of the following methods, at the
discretion of the manufacturer.

10.7.1.2 Strip method

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

The measurement shall be made on a test piece of lead sheath about 50 mm in length
removed from the complete cable. The piece shall be slit longitudinally and carefully flattened.
After cleaning the test piece, a sufficient number of measurements shall be made along the
circumference of the lead sheath and not less than 10 mm away from the edge of the
flattened piece to ensure that the minimum thickness is measured.

10.7.1.3 Ring method

The measurements shall be made with a micrometer having either one flat nose and one ball
nose, or one flat nose and a flat rectangular nose 0,8 mm wide and 2,4 mm long. The ball
nose or the flat rectangular nose shall be applied to the inside of the ring. The accuracy of the
micrometer shall be +0,01 mm.

The measurements shall be made on a ring of the lead sheath carefully cut from the sample.
The thickness shall be determined at a sufficient number of points around the circumference
of the ring to ensure that the minimum thickness is measured.

10.7.2 Plain or corrugated aluminium sheath

The minimum thickness of the sheath shall not fall below 90 % of the nominal thickness by
more than 0,1 mm for plain aluminium sheath:

tmin>0,91,-0,1

min =
and 85 % of the nominal thickness by more than 0,1 mm for corrugated aluminium sheath:

tmin = 0,85 t, — 0,1

min =

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

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

If the purchaser requires that the diameter of the core and/or the overall diameter of the cable
shall be measured, the measurements shall be carried out in accordance with JEC 60811-203.

10.9 Hot set test for XLPE and EPR insulations
10.9.1 Procedure

The sampling and test procedure shall be carried out in accordance with |EC 60811-507,
employing the test conditions given in Table 3.

The test pieces shall be taken from that part of the insulation where the degree of cross-
linking is considered to be the lowest for the curing process employed.

10.9.2 Requirements

The test results shall comply with the requirements given in Table 3.

10.10 Measurement of capacitance

The capacitance shall be measured with a frequency between 49 Hz and 61 Hz between
conductor and metal screen/sheath at ambient temperature, and the 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 %.

10.11 Measurement of density of HDPE insulation

10.11.1 Procedure

The density of HDPE shall be measured using the sampling and test procedure given in
IEC 60811-604.

10.11.2 Requirements
The results of the test shall comply with the requirements given in Table 3.

10.12 Impulse voltage test

The test shall be performed on a complete cable at least 10 m in length excluding test
accessories, at a conductor temperature 0K to 5K above the maximum conductor
temperature in normal operation.

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

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

The impulse voltage shall be applied as

e either lightning impulse with the voltage calculated as the sum of the moduli of U, and the
specified superimposed lightning impulse voltage Up4, or

e if the lightning impulse is not specified in the individual project, switching impulse at the
voltage that is the sum of the moduli of U, and the requested opposite switching impulse

voltage Up; .

Alternatively it can be applied as superimposed impulse voltage according t012.4.5

The cable shall withstand without failure 10 positive and 10 negative voltage impulses of the
appropriate value.

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

If applicable, samples shall be taken from the complete cable, the test shall be applied and
the requirements shall be met as described in Annex E.

10.14 Adhesion and peel strength of the laminated metal foil

For cables with a longitudinally applied metal foil, bonded to the oversheath, a 1 m sample
shall be taken from the complete cable and subjected to the tests and requirements in 12.4.3.

11 Sample tests on accessories

11.1 Tests on components

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

The manufacturer of a given accessory shall provide a list of the tests to be performed on
each component, indicating the frequency of each test.

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

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

11.2 Tests on complete accessory

For accessories where the main insulation cannot be routine tested (see 9.1), the voltage test
(see 9.2) shall be carried out by the manufacturer on a fully assembled accessory.

NOTE Examples of main insulations that are not routine tested are insulations taped and/or moulded on site.
These tests shall be performed on one accessory of each type per contract if the number of
that type in the contract is above 50.

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 standard. If either fails, this type of
accessory of the contract shall be regarded as having failed to comply.

12 Type tests on cable systems

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

The subclause references to be considered during a type test on a cable system is given in
Table C.1.

NOTE Tests on terminations referring to environmental conditions are not specified in this standard.

12.2 Range of type approval

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

a) The actual designs, materials, manufacturing processes and service conditions for the
cable system are in all essential aspects equal.

b) All service voltages, Uy, Upy, Upy g and Up; o, are less than or equal to those of the
tested cable system.

c) The service maximum conductor temperature T ;.4 max iS l€Ss than or equal toﬁhat of the

tested cable system. ocuments

Document Sharing Hub

Full document details: BS IEC 62895:2017


http://www.avadocuments.com/doc/bs-iec-62895-2017
http://www.avadocuments.com/doc/bs-iec-62895-2017

- 26 - IEC 62895:2017 © IEC 2017

d) The maximum temperature drop across the insulation layer AT, (excluding the
semiconducting screens) is less than or equal to that of the tested cable system.

e) The actual conductor cross-section is not larger than that of the tested cable system.

f) The calculated average electrical stress in the insulation (given by U, divided by the
nominal insulation thickness) is less than or equal to that of the tested system.

g) The calculated Laplace electrical stress (using nominal dimensions) at the cable conductor
and insulation screen is less than or equal to that of the tested system.

h) A cable system qualified according to this standard for LCC is also qualified for VSC
provided that the superimposed impulse withstand tests at tUp, g voltage levels as

specified in 12.4.5.3 are carried out. A cable system qualified according to this standard
for VSC is not qualified for LCC.

NOTE 1 Type tests which have been successfully performed according to CIGRE test recommendation TB219
and TB496 are valid.

NOTE 2 For the sake of clarity the conditions for range of approval do not involve considerations of DC electrical
fields. In the design of DC cable systems, the DC electrical fields are critical design criteria. The supplier has
detailed knowledge of the DC electrical fields in the cable system (cable and accessories) under all operating
conditions and is able to present a detailed case upon request of the customer.

The non-electrical type tests need not be carried out on samples from cables of different
voltage ratings and/or conductor cross-sectional areas unless different materials and/or
different manufacturing processes are used to produce them. However, repetition of the
ageing tests on pieces of complete cable to check compatibility of materials (see IEC 62067)
may be required if the combination of materials applied over the screened core is different
from that of the cable on which type tests have been carried out previously.

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

12.3 Summary of type tests

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

The non-electrical tests on cable components and complete cable are listed in Table 4,
indicating which tests are applicable to each insulation and oversheath material.

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

The minimum length of free cable between accessories shall be 5 m as reported in Figure 1.

Each cable length used for the type test loop shall undergo a bending test in accordance with
12.4.3 before type tests commence. The accessories shall be installed after the bending test.

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

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

Measurement of resistivity of semi-conducting screens described in 12.4.7 shall be made on a
separate sample.
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12.4 Electrical type tests on complete cable systems
12.4.1 Test voltage values

Prior to the electrical type tests, the insulation thickness shall be measured by the method
specified in |EC 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 more than
5 %, the test voltages shall be the values specified in 8.2 for the rated voltage of the cable.

If the average thickness of the insulation exceeds the nominal value by more than 5 % but by
not more than 10 %, the test voltage shall be adjusted to give an electrical average stress in
the insulation (given by U, divided by the actual insulation thickness) equal to that applying

when the average thickness of the insulation is equal to the nominal value, and the test
voltages are the normal values specified for the rated voltage of the cable.

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

thickness exceeding the nominal value by more than 10 %.

12.4.2 Tests and sequence of tests

The tests in items a) to h) shall be carried out in the following sequence.

a) Bending test on the cable (see 12.4.3) followed by visual inspection and installation of
accessories.

b) A DC voltage of 8 kV per millimetre of the specified nominal thickness of the extruded
oversheath shall be applied for 1 min between the underlying metal layer at negative
polarity and the outer conducting layer, subject to a maximum voltage of 25 kV. No
breakdown of the oversheath shall occur during the test.

NOTE 1 The outer conducting layer can consist of a conductive layer applied to the extruded oversheath or
any auxiliary ground electrode applied for the duration of this test.

c) Heating cycle voltage test (see 12.4.4).

d) Superimposed switching impulse voltage test (see 12.4.5.2 and 12.4.5.3).
e) Superimposed lightning impulse voltage test (see 12.4.5.4).

f) Subsequent DC test (see 12.4.5.5).

g) Tests of outer protection for joints (see Annex H).

NOTE 2 These tests can be applied to a joint which has passed the test in item c), heating cycle voltage test,
or to a separate joint which has passed at least three thermal cycles.

NOTE 3 If the cable and joint are not to be subjected to wet conditions in service (i.e. not directly buried in
earth or not intermittently or continuously immersed in water), the tests in H.3 and H.4.2 can be omitted.

h) Examination of the cable system with cable and accessories on completion of the above
tests (see 12.4.6);

i) The resistivity of the cable semi-conducting screens (see 12.4.7) shall be measured on a
separate sample.

Test voltages shall be in accordance with the values given in 8.2.

12.4.3 Bending test
12.4.3.1 Test Conditions

The cable sample shall be bent around a test cylinder (for example, the hub of a drum) at
ambient temperature for at least one complete turn and unwound, without axial rotation. The
sample shall then be rotated through 180° and the process repeated.

This cycle of operations shall be carried out three times in total.
The diameter of the test cylinder shall not be greater than

o for cables with a longitudinally applied metal foil, bonded to the oversheath:
— 20 (D +d)+5 % for CD design: Documents
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— 25(D +d)+5 % for SD and CD + wires designs;
e for cables with plain aluminium sheaths:
— 36 (d+ D)+ 5 % for single-core cables;
e for cables with lead, lead-alloy, corrugated metal sheaths:
— 25 (d + D) + 5 % for single-core cables;
e for other cables:
— 20 (d + D) + 5 % for single-core cables;
where
d is the nominal diameter of the conductor, in millimetres (see Clause 6, item i));
D is the nominal overall diameter of the cable, in millimetres (see Clause 6, item j)).

12.4.3.2 Examination

After the bending test one sample of 3 m length shall be examined. There shall be no
deterioration and in the case of CD and SD designs no delaminating, folding of the metal foil
bonded to the oversheath, buckling or crossing of the screen wires.

In the case of CD and SD designs, adhesion and peel tests (see Annex F) shall comply with
the requirements of Table 5.

A negative tolerance is not specified, but testing at diameters below the specified values
should only be done by agreement between manufacturer and customer.

12.4.4 Heating cycle voltage test

12.4.4.1 General

The cable shall have a U-bend with a diameter as specified in 12.4.3.

If the test loop consists of cables with different designs connected with an asymmetric joint,
then each cable design is qualified to the relevant thermal conditions (T and AT

and the asymmetric joint is qualified to the higher temperature.

cond,max max)

NOTE This means that the cable on one side of the transition joint under test may not have been qualified in this
test to its maximum temperature in the scheme.

The temperature conditions are defined in 8.3.

After any interruption caused by external factors, the test may be resumed. If the interruption
is less than 30 min, the specific heating cycles shall be resumed at the point of the cycle
when the interruption occurred and the cycle is still valid provided the temperature
requirements are met. If the interruption is longer than 30 min, the specific lost heating cycle
shall be repeated. If the interruption is longer than 24 h, the actual test block (all “24 hours”
heating cycles at negative or positive polarity, all “24 hours” heating cycles with polarity
reversals, all “48 hours” heating cycles under positive polarity) shall be repeated.

In case of a breakdown of insulation, when testing several objects simultaneously, the faulty
object may be removed and the incident treated as an interruption. The faulty object is
considered to have failed the test requirements. Any fault within 0,5 m of cable, which is
according to 8.1 part of the accessory, is considered to be associated with that accessory
only.

In case of deviations in test parameters during a heating cycle, the heating cycle in question
shall be repeated.

12.4.4.2 Heating cycle test for cable system to be qualified for LCC

The test objects shall be subjected to the conditions (definitions of “24 hours” heating cycles
and “48 hours” heating cycles are described in 8.3) as specified in Table 6.

Positive polarity was selected for the “48 hours” heating cycles as this is believe
most stringent condition for accessories. D’ﬁ&‘iﬂﬁents
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12.4.4.3 Heating cycle test for cable system to be qualified for VSC
The test objects shall be subjected to heating cycles according to Table 7.

Positive polarity was selected for the “48 hours” heating cycles as this is believed to be the
most stringent condition for accessories.

12.4.5 Superimposed impulse voltage test
12.4.5.1 General

The superimposed impulse voltage test is to be performed on test objects that have
successfully passed the heating cycle test.

Deviation of the sequence to perform Sl and LI tests with same DC polarity in one block is
allowed.

The tests shall be performed with respect to the following requirements:

e The conductor temperature shall be >T,,qmax With temperature drop across the insulation
> AT

max-

These thermal conditions shall be maintained for at least a minimal duration of 10 h before
the tests; moreover, these conditions shall be held during the whole impulse test.

During the 10 h before the application of the first impulse, a direct voltage U, with the polarity

of the DC voltage of the following superimposed impulse test shall be applied between
conductor and metal screen with the screen grounded. The sign of polarity is referred to the
voltage of the conductor in respect to ground. The DC voltage shall be maintained during the
application of the voltage impulses.

In case of a breakdown of insulation, when testing several objects simultaneously, the faulty
object may be removed and the incident treated as an interruption. The faulty object is
considered to have failed the test requirements. Any fault within 0,5 m of a test object, for
example an accessory, is considered to be associated with that test object only.

In case of deviations in test parameters during superimposed impulse voltage test, the
superimposed impulse in question shall be repeated.

The test procedure is described in 8.5.

12.4.5.2 Superimposed switching impulse withstand test for cable system to be
qualified for LCC

The definitions of the different levels of voltage are given in 8.2.

The test shall be performed as given in Table 8.

The time between each impulse shall not be shorter than two minutes.

The test waveform shall be according to .

No breakdown of the insulation or flashover along cable terminations shall occur.

12.4.5.3 Superimposed switching impulse withstand test for cable system to be
qualified for VSC

The definitions of the different levels of voltage are given in 8.2.
The test shall be performed as given in Table 9.
The time between each impulse shall not be shorter than two minutes.

The test waveform shall be according to JEC 60230.

No breakdown of the insulation or flashover along cable terminations shall occur
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12.4.5.4 Superimposed lightning impulse withstand test

If the intended installation of the cable system is such that it is not exposed to lightning strikes
(direct or indirect), this test need not be done.

20 voltage impulses shall be applied as specified in Table 8 and Table 9.

The time between each impulse shall not be shorter than two minutes.

The test waveform shall be according to |EC 60230.

No breakdown of the insulation or flashover along the cable terminations shall occur.

12.4.5.5 Subsequent DC test

After the successful completion of the superimposed impulse testing the test object shall be
subjected for 2 h at a negative DC voltage of U;. At the discretion of the manufacturer this

test may be carried out either during the cooling period or at ambient temperature.
A rest period prior to this test is acceptable.
No breakdown of the insulation shall occur.

12.4.6 Examination
12.4.6.1 Cable samples

Three samples of cable — approximately 1 m each — taken from the whole loop that has
undergone tests shall be subjected to examination: two samples shall be taken from the
curved part of the loop, and one from a straight part.
12.4.6.2 Examination of cable and accessories

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

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

One of the 1 m samples taken from the curved part of the type test loop and used for the

examination of 12.4.6.2 shall also be subjected to the examination as described in 12.4.3.2.

12.4.7 Resistivity of semi-conducting screens

12.4.7.1 General

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

sample.

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

The test procedure shall be in accordance with Annex D.

The measurements shall be made at a temperature within +2 K of the maximum conductor
temperature in normal operation.

12.4.7.3 Requirements

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

e conductor screen: 1000 Q- m;
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12.5 Non-electrical type tests on cable components and on complete cable
12.5.1 General
The tests are as follows:

a)
b)

c)

d)
e)
f)
9)
h)
i)
)

n)

check of cable construction (see 12.5.2);

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

tests for determining the mechanical properties of oversheaths before and after ageing
(see 12.5.4);

ageing tests on pieces of complete cable to check compatibility of materials (see 12.5.5);
loss of mass test on PVC oversheaths of type ST, (see 12.5.6);

pressure test at high temperature on oversheaths (see 12.5.7);
tests on PVC oversheaths (ST, and ST,) at low temperature (see 12.5.8);

heat shock test for PVC oversheaths (ST, and ST,) (see 12.5.9);

ozone resistance test for EPR insulations (see 12.5.10);
hot set test for EPR and XLPE insulations (see 12.5.11);
measurement of density of HDPE insulation (see 12.5.12);

measurement of carbon black content of black PE oversheaths (ST; and ST,
see 12.5.13);

test under fire conditions (see 12.5.14);

water penetration test (see 12.5.15).

If an insulation material that is not given in Table 1 is used, requirements for the non-
electrical tests in items b), d) and j) shall be agreed between manufacturer and customer.

12.5.2 Check of cable construction

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

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

ageing

12.5.3.1 Sampling
Sampling and preparation of test pieces shall be carried out in accordance with

IEC 60811-501.

12.5.3.2 Ageing treatment

The ageing treatment shall be carried out in accordance with JEC 60811-401 under the
conditions specified in Table 10.

12.5.3.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out in
accordance with JEC 60811-501.

12.5.3.4 Requirements

The test results for unaged and aged test pieces shall comply with the requirements given in
Table 10.
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12.5.4 Tests for determining the mechanical properties of oversheaths before and
after ageing

12.5.4.1 Sampling

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

12.5.4.2 Ageing treatment

The ageing treatment shall be carried out in accordance with |EC 60811-401 under the
conditions given in Table 11.

12.5.4.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out in
accordance with JEC 60811-501.

12.5.4.4 Requirements

The test results for un-aged and aged test pieces shall comply with the requirements given in
Table 11.

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

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

The test is applicable to cables of all types.

12.5.5.2 Sampling

Samples for the test on insulation and oversheath shall be taken from the complete cable as
described in |[EC 60811-401.

12.5.5.3 Ageing treatment

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

o temperature: (10 + 2) K above the maximum conductor temperature for the insulation
material as given in Table 10;

e duration: 7 x 24 h.
12.5.5.4 Mechanical tests

Test pieces of insulation and oversheath from the aged pieces of cable shall be prepared and
subjected to mechanical tests as described in JEC 60811-401.

12.5.5.5 Requirements

The variations between the median values of tensile strength and elongation at break after
ageing, and the corresponding values obtained without ageing (see 12.5.3 and 12.5.4), shall
not exceed the values applying to the test after ageing in an air oven as given in Table 10 for
insulations and in Table 11 for oversheaths.

12.5.6 Loss of mass test on PVC oversheaths of type ST»

12.5.6.1 Procedure

The loss of mass test for ST, oversheaths shall be carried out as described in [EC 60811-409
under the conditions given in Table 12.

12.5.6.2 Requirements
The results shall comply with the requirements given in Table 12.
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12.5.7 Pressure test at high temperature on oversheaths
12.5.7.1 Procedure

The pressure test at high temperature for ST, ST, and ST, oversheaths shall be carried out

as described in |[EC 60811-508, employing the test conditions given in the test method and in
Table 11.

12.5.7.2 Requirements

The results shall comply with the requirements given in JEC 60811-508§.

12.5.8 Test on PVC oversheaths (ST4 and ST3) at low temperature
12.5.8.1 Procedure

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

IEC 60811-509 and J|EC 60811-506 respectively, employing the test temperature given in
Table 12.

12.5.8.2 Requirements

The results of the test shall comply with the requirements given in |[EC 60811-505 and
IEC 60811-50€ respectively.

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

12.5.9.1 Procedure

The heat shock test on ST4 and ST, oversheaths shall be carried out as described in
IEC 60811-509, the test temperature and duration being in accordance with Table 12.

12.5.9.2 Requirements
The results of the test shall comply with the requirements given in JEC 60811-509.

12.5.10 Ozone resistance test for EPR insulation
12.5.10.1 Procedure

EPR insulation shall be tested for resistance to ozone using the sampling and test procedure
described in JEC 60811-403. The ozone concentration and test duration shall be in
accordance with Table 3.

12.5.10.2 Requirements

The results of the test shall comply with the requirements given in [EC 60811-403.

12.5.11 Hot set test for EPR and XLPE insulations

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

12.5.12 Measurement of density of HDPE insulation

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

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

12.5.13.1 Procedure

The carbon black content of ST3 and ST oversheaths shall be measured using the sampling
and test procedure described in |[EC 60811-6045.

12.5.13.2 Requirements

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

Lower values are allowed for special application not exposed to UV.
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12.5.14 Test under fire conditions

The test under fire condition in accordance with |EC 60332-1-4 shall be carried out on a
sample of completed cable, if the manufacturer wishes to claim that the particular design of
cable complies with the requirements.

The results shall comply with the recommendations given in JEC 60332-1-2.
12.5.15 Water penetration test

The water penetration test shall be applied to those designs of cable where barriers to
longitudinal water penetration have been included as declared in Clause 6, item c) and
Clause 6, item f).

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

13 Prequalification test of the cable system

13.1 General and range of prequalification test approval

The PQ test is intended to indicate the long-term performance of the complete cable system
and should normally be completed after the development tests have been carried out. The PQ
test need only be carried out once, unless there is a substantial change in the cable system
with respect to materials, manufacturing processes, construction or design parameters.

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

The PQ test qualifies the manufacturer as a supplier of cable systems provided that the
following conditions are fulfilled.

a) The rated voltage Uy is not more than 10 % higher than that of the tested cable system.

b) The calculated average electrical stress in the insulation (given by U, divided by the
nominal insulation thickness) is less than or equal to that of the tested system.

c) The calculated Laplace nominal electrical stress at U, (using nominal dimensions) at the

cable insulation screen calculated according to Clause 6, item m) is less than or equal to
that of the tested system.

d) The maximum conductor temperature T.,q max IS l€ss than or equal to that of the tested
system.

e) The maximum temperature drop across the insulation layer AT,
semiconducting screens) is less than or equal to that of the tested system.

(excluding the

f) A cable system prequalified according to this standard for LCC is also prequalified for
VSC. A cable system prequalified according to this standard for VSC is not prequalified for
LCC.

NOTE For the sake of clarity the conditions for range of approval do not involve considerations of DC electrical
fields. In the design of DC cable systems, the DC electrical fields are critical design criteria. The supplier has
detailed knowledge of the DC electrical fields in the cable system under all operating conditions and can present a
detailed case upon request of the customer.

PQ tests that have been successfully performed according to CIGRE TB 496 are valid.

The reason for the superimposed impulse test at the end of the PQ test is to verify that no
major thermo-mechanical changes have taken place during the long-term testing. This test is
not intended to qualify the system for a specific impulse level. Project-specific impulse levels
should be qualified during the type test.

It is recommended to carry out a PQ test using a cable of a large conductor cross-section.

A list of PQ tests is given in Table C.2.
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A PQ 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
PQ test certificate issued by an independent test laboratory shall be acceptable as evidence
of PQ testing.

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

The PQ test shall comprise the electrical tests on the complete cable system with
approximately 100 m of full sized cable, including at least one of each type of accessory. The
minimum length of free cable between accessories shall be 10 m. 8.1 applies regarding test
objects. The sequence of tests shall be as follows:

a) bending test on the cable (see 12.4.3.1) followed by installation of accessories;

for practical reasons the bending test can be performed on the whole length in one
operation, or in sections;

for cable systems with conductive layer on the oversheath a DC voltage test of the
oversheath according to [EC 60229 after installation shall be performed,;

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

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

If a breakdown of a test object occurs, causing an interruption to the ongoing testing of
connected test objects, the test may be resumed after the failed test object is removed. The
actual heating cycle or impulse during which the failure occurred shall be repeated for the
remaining test objects. If breakdown occurs during a constant heat period, then the time
elapsed without applied voltage shall be added behind the originally planned end date of that
period. This means, the overall number of days with voltage remains the same as specified in
the test requirements. After any interruption, for example an interruption caused by external
factors the test may be resumed. If the interruption is less than 30 min, the specific heating
cycle shall be resumed, at the point of the cycle, when the interruption occurred and is still
valid. If the interruption is longer than 30 min, then the specific heating cycle shall be
repeated. If the interruption occurs during a constant heat period and is longer than 30 min,
the test on the day the interruption occurred shall be repeated.

13.2.2 Test voltage values

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

13.2.3 Test arrangement

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

instructions, with the grade and quantity of materials supplied, including lubricants, if any.

NOTE The main objective of the PQ test is to satisfactorily demonstrate the insulation integrity during long
periods under DC, given the long dielectric time constants, compared to AC. It is however recognized that other
aspects of a specific installation can be important, such as the thermo-mechanical effects due to the installation
conditions. The representation of specific installation conditions in the test set-loop can be considered.

Ambient conditions may vary between installations and during the test and are not considered
to have any major influence. The ambient temperature minimum limit of 8.3 does not apply. In
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case of change in ambient conditions, the conductor current shall be adjusted to maintain the
conductor temperature and temperature drop across the insulation as specified in 8.3.
13.2.4 Heating cycle voltage test

General conditions are as follows.

a) Minimum duration is 360 days.

b) Conductor temperature and temperature difference across the insulation shall both be
controlled to the design level. Design levels in accessories and adjacent cables may
differ.

The sequence of tests for LCC and VSC are shown in Table 13 and Table 14.
Guidance on test conditions are defined in 8.2 and 8.3.
No breakdown of the insulation shall occur.

13.2.5 Superimposed impulse voltage test

After the heating cycle voltage test, and an optional rest period, the superimposed switching
impulse voltage test shall be performed as specified in 12.4.5.2 and 12.4.5.3.

The aim of the superimposed impulse test after the long duration test is only to check the
integrity of the cable system. Evaluation of available specifications for different projects show
that the values of Up, o and Upq vary between the different projects. In this respect, and

based on the recorded experience, the impulse voltage values to be considered for the PQ
test have been specified in 8.2.

Project specific requirements regarding impulse levels should be covered by the electrical
type test 12.4.5.

The test shall be performed according to 8.5 on one or more cable samples and one or more
accessories of each type of the tested system, the test objects being taken from the PQ test
loop. All test objects together shall have a minimum cumulative active cable length of 30 m. If
required for safety reasons, oil or gas filled accessories can be emptied and refilled for the
preparation of the test objects. The temperature conditions are defined in 8.3.

As an alternative, the test may be carried out on the whole test assembly.

The test objects shall withstand without failure 10 positive and 10 negative superimposed
switching impulses at the voltage levels Up; .

If by agreement between supplier and customer a superimposed lightning impulse test is also
to be performed, the test objects shall withstand 10 positive and 10 negative superimposed
lightning impulses.

No breakdown of the insulation or flashover along the cable terminations shall occur.

In case of a failure in an accessory during impulse testing and the root cause of the failure is
proven to be originated from moving the accessory prior to the impulse test, impulse testing
may be repeated on another accessory of the same kind taken from the PQ test loop. That
accessory shall still be considered as prequalified, if the repeated test is passed.

13.2.6 Examination

Samples of cable — at least 1 m each — taken from each section of the whole loop
representing a laying condition, for example one sample from the curved part of the loop, one
sample from the loop that has been exposed to the highest mechanical or thermal constraints
and one sample from a straight part.

The cable samples and all accessories of the test loop shall be examined as specified in
12.4.6.2.
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13.3 Tests for the extension of the PQ of a cable system

For future consideration.

14 Type test on cables

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

15 Type test on accessories

Accessories shall be type tested as part of a cable system.
16 Electrical tests after installation

16.1 General

Tests on new installations are carried out when the installation of the cable system has been
completed.

A DC oversheath test according to 16.2 and a DC insulation test according to 16.3 are
recommended.

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

16.2 DC voltage test of the oversheath

The voltage level and duration specified in JEC 60229:2007, Clause 5 shall be applied
between the metal sheath or metal screen and the ground.

For the test to be effective, it is necessary that the ground makes good contact with all of the
outer surface of the oversheath. A conductive layer on the oversheath can assist in this
respect.

16.3 High voltage test of the insulation

The installed HV cable system shall be subjected to a negative polarity DC voltage of Urpy.
The test duration shall be one hour.

Negative polarity shall be used regardless of the polarity of the pole.

16.4 TDR measurement
An optional TDR measurement according to Annex J may be performed for information.
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Table 1 — Insulation compounds for cables

Insulating compound

Maximum conductor temperature

°C
Normal Short-circuit
operation? (maximum
duration 5 s)?
Low density thermoplastic polyethylene (filled or (PE) 70 1300
nonfilled)
High density thermoplastic polyethylene(filled or (HDPE) 80 b
: 160
nonfilled)
Cross-linked polyethylene(filled or nonfilled) (XLPE) 90 250
Ethylene-propylene rubber(filled or nonfilled) (EPR) 90 250

a

suitable semi-conducting
manufacturer and purchaser.

The temperatures given here are the maximum temperature for the mechanical characteristics of the material.
The maximum operating temperature for the electrical performance of the system shall be equal or lower than
the given values here and shall be specified by the cable manufacturer.

For PE and HDPE, short-circuit temperatures up to 20 °C in excess of those shown may be acceptable with

layers over the conductor and the insulation and by agreement between

Table 2 — Oversheathing compounds for cables

Oversheathing compound Abbreviated designation MaX|m|_1m conductor ter_nperature
in normal operation
°C
ST, 80
Polyvinyl chloride (PVC)
ST, 90
ST, 80
Polyethylene (PE)
ST, 90

Table 3 — Test requirements for particular characteristics
of insulating compounds for cables

Designation of compound (see 4.3) Unit PE HDPE XLPE EPR
Ozone resistance test ()
0,025
Ozone concentration (by volume) % - - - to
0,030
Test duration without cracks h - - - 24
Hot set test ([EC 60811-507)
Treatment: air temperature °C - - 200 250
— tolerance K _ _ +3 +3
— time under load min _ _ 15 15
— mechanical stress N/cm? _ _ 20 20
Maximum elongation under load % - - 175 175
Maximum permanent elongation after cooling % - - 15 15
Density ([EC 60811-606)
Minimum density g/cm? - 0,94 - -
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Table 4 — Non-electrical type tests for insulating and oversheath compounds for cables

Designation of compound
(see 4.3 and 4.5)

Checks on construction

Water penetration test?®

Mechanical properties

a) without ageing

(compatibility test)

a) cold elongation test

b) cold impact test

Heat shock test

Hot set test

Carbon black content?

Test under fire®

b) after ageing in air oven

Loss of mass in air oven

Ozone resistance test

Measurement of density

(Tensile strength and elongation at break)

c) after ageing of the complete cable

Pressure test at high temperature

Behaviour at low temperature

Insulation Oversheath
PE HDPE EPR | XLPE ST, ST, ST, ST,
Applicable irrespective of insulation and oversheathing materials
X X X X X X X X
X X X X X X X X
X X X X X X X X
- - - - X X - X
f— — — f— — X — f—
- — X -— — — - -
f— X f— -_— - -_— — —
- - - - - - X X

NOTE x indicates that the type test is to be applied.

2 To be applied to those designs of cable where the manufacturer claims that barriers to longitudinal water
penetration have been included.

For black oversheaths only.

The test under fire conditions is only required if the manufacturer wishes to claim compliance with this test as
a special feature of the design of the cable

Table 5 — Test requirements for adhesion or peel strength forces

Min adhesion or peel strength

(N/mm)
CD SD
copper 1,5 1,0
aluminium 1,5 1,0
overlap 1,5 1,0

Table 6 — Sequence of heating cycle voltage test for LCC type test

HC RP HC HC & HC RP
PR
Optional, Optional,
EucTebser of 8 according | 8 8 3 according
y to 8.8 to 8.8
Duration of = | ,,, Min.24h |24h | 24h 48 h Min. 24 h
cycle
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