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This.rédline version of the official IEC Standard allows the user to identify the changes

has been made. Additions are in green text, deletions are in strikethrough red text.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 350: General construction and test methods of power, control
and instrumentation cables for shipboard and offshore applications

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
gll national electrotechnical committees (IEC National Committees). The object of IEC()is“to profnote
international co-operation on all questions concerning standardization in the electrical and glectronic fieldq. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatjons,
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter\referred to as [IEC
ublication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interegjsted
in the subject dealt with may participate in this preparatory work. Internatiopals ~governmental and hon-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cldsely
ith the International Organization for Standardization (ISO) in accordance with conditions determined by
ggreement between the two organizations.

he formal decisions or agreements of IEC on technical matters express; as nearly as possible, an international
¢onsensus of opinion on the relevant subjects since each technical ,cemmittee has representation from all
interested IEC National Committees.

I[EC Publications have the form of recommendations for international use and are accepted by IEC Natjonal
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of|IEC
ublications is accurate, IEC cannot be held responsible\ for the way in which they are used or for|any
isinterpretation by any end user.

Ih order to promote international uniformity, IEC National Committees undertake to apply IEC Publicafions
transparently to the maximum extent possible in their national and regional publications. Any divergénce
hetween any IEC Publication and the corresponding_ national or regional publication shall be clearly indicatg¢d in
the latter.

I[EC itself does not provide any attestation.ef‘conformity. Independent certification bodies provide confofqmity
gssessment services and, in some areasjaccess to IEC marks of conformity. IEC is not responsible for|any
gervices carried out by independent certification bodies.

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

o liability shall attach to IEC.of.its directors, employees, servants or agents including individual experts|and
embers of its technical conimittees and IEC National Committees for any personal injury, property damade or
¢ther damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)|and
g¢xpenses arising out of\thé publication, use of, or reliance upon, this IEC Publication or any other|IEC
ublications.

Attention is drawn(tojthe Normative references cited in this publication. Use of the referenced publicationfs is
indispensable fotthe correct application of this publication.

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

A v b3 0Jo]- a 0 oK) “RVA S
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International Standard IEC 60092-350 has been prepared by subcommittee 18A: Electric
cables for ships and mobile and fixed offshore units, of IEC technical committee 18: Electrical

inst

allations of ships and of mobile and fixed offshore units.

This fifth edition cancels and replaces the fourth edition published in 2014 and constitutes a
technical revision.

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

a)
b)

Thd

Ful
voti

Thi

Ths
in 8

The
sta
the

more detailed description of the test procedures in 7.7.6 and 7.7.7;
description of the relationship between Annex A and Annex D.

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

CbhV Report on voting
18A/420/FDIS 18A/423/RVC

information on the voting for the approval of this document can-be found in the reporf
ng indicated in the above table.

5 document has been drafted in accordance with the ISOAEC Directives, Part 2.

list of all the parts of the IEC 60092 series, undetithe general title Electrical installati
hips, can be found on the IEC website.

committee has decided that the contents of this document will remain unchanged until
bility date indicated on the IEC websitewunider "http://webstore.iec.ch" in the data relate
specific document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

on

oNns

the
J to

IMR
tha
ung
col

ORTANT - The’'colour inside' logo on the cover page of this publication indicat

erstanding of its contents. Users should therefore print this document using
bur printer.

es

I it contains colours which are considered to be useful for the corré¢ct

a
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ELECTRICAL INSTALLATIONS IN SHIPS -

Part 350: General construction and test methods of power, control
and instrumentation cables for shipboard and offshore applications

1 Scope

Thig part of IEC 60092 provides the general constructional requirements and test methods| for
use| in the manufacture of electric power, control and instrumentation cables with-_copgper
conductors intended for fixed electrical systems at voltages up to and including 18/30(36] kV
on board ships and offshore (mobile and fixed) units.

Thg reference to fixed systems includes those that are subjected to vibration (due to [the
moyement of the ship or installation) or movement (due to motion of theJship or installat|on)
and not to those that are intended for frequent flexing. Cables (suitable for frequen{ or
continual flexing use are detailed in other IEC standards, for example IEC 60227 (all pgrts)
and IEC 60245 (all parts), and their uses are restricted to those situations which do [not
dirgctly involve exposure to a marine environment, for example, portable tools and domejstic
appliances.

Thg following types of cables are not included:

— loptical fibre;

— [sub-sea and umbilical cables;

— |data and communication cables;
— [coaxial cables.

2 |[Normative references

Thqg 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 edifion
cited applies. For undated.references, the latest edition of the referenced document (including
anyl amendments) applies.

IEQ 60050-461, “\[nternational Electrotechnical Vocabulary — Part 461: Electric cables
(avilable at Www.electropedia.org)

IEAQ 80002353  FElactrical installations in shi
H= oI Eooo e etHeaH RSt aHoe RS H—SH

1Y and" 3 kV

&
0
P
b
LhS
do
M
do
8]
¢
3
(D
p
®
P
&
)
(05}
o
s
s
$
+~
3
Q.
:
o
=
3
®
(40}

IEC 60092-360:2014, Electrical installations in ships — Part 360: Insulating and sheathing
materials for shipboard and offshore units, power, control, instrumentation; and
telecommunication-and-data cables

IEC 60228, Conductors of insulated cables
IEC 60230, Impulse tests on cables and their accessories

IEC 60331-1, Tests for electric cables under fire conditions — Circuit integrity — Part 1: Test
method for fire with shock at a temperature of at least 830 °C for cables of rated voltage up to
and including 0,6/1,0 kV and with an overall diameter exceeding 20 mm
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IEC 60331-2, Tests for electric cables under fire conditions — Circuit integrity — Part 2: Test
method for fire with shock at a temperature of at least 830 °C for cables of rated voltage up to
and including 0,6/1,0 kV and with an overall diameter not exceeding 20 mm

IEC 60331-11, Tests for electric cables under fire conditions — Circuit integrity — Part 11:
Apparatus — Fire alone at a flame temperature of at least 750 °C

IEC 60331-21, Tests for electric cables under fire conditions — Circuit integrity — Part 21:
Procedures and requirements — Cables of rated voltage up to and including 0,6/1,0 kV

IEQ 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-21 Test
for \vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW"pre-
mixed flame

IEQ 60332-3-22, Tests on electric and optical fibre cables under fire conditions)— Part 3122:
Tesqt for vertical flame spread of vertically-mounted bunched wires or cables—< Category A

IEQ 60684-2, Flexible insulating sleeving — Part 2: Methods of test

IEQ 60754-1, Test on gases evolved during combustion of materials from cables — Parf 1:
Determination of the halogen acid gas content

IEQ 60754-2, Test on gases evolved during combustion*of materials from cables — Parf 2:
Defermination of acidity (by pH measurement) and conduetivity

IEQ 60811-201, Electric and optical fibre cables.—<Test methods for non-metallic materials —
Parf 201: General tests — Measurement of insulation thickness

IEG 60811-202, Electric and optical fibrexcables — Test methods for non-metallic materials —
Part 202: General tests — Measurement of thickness of non-metallic sheath

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

IEQ 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

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

IEQ 60811-404, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 404: Miscellaneous tests — Mineral oil immersion tests for sheaths

IEC 608T71-409, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations and sheaths

IEC 60811-501, 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 60811-504, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 505: Mechanical tests — Bending tests at low temperature for insulations and sheaths

IEC 60811-505, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 505: Mechanical tests — Elongation at low temperature for insulations and sheaths
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IEC 60811-506, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 505: 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 —

Pari

t 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 —

Pan
sho

IEG

IEG
dis

IEG
Parn

IEG
Pan

I1ISA
Parn

For
foll

ISC
add

3.1
apy

valyie whigh.is neither guaranteed nor checked

Note

{ 509: Mechanical tests — Test for resistance of insulations and sheaths to cracking \(H
ck test)

50885-2. Eloctri ! tor oloctriccablos._Part 2: i

60885-3, Electrical test methods for electric cables — Part 3: Test jfethods for pa
harge measurements on lengths of extruded power cables

61034-1, Measurement of smoke density of cables burning under defined condition
{ 1. Test apparatus

61034-2, Measurement of smoke density of cables bdrhing under defined condition
{ 2: Test procedure and requirements

7989-2:2007, Steel wire and wire products — Non-ferrous metallic coatings on steel wi
{ 2: Zinc or zinc-alloy coating

Terms and definitions

the purposes of this document, thé terms and definitions given in IEC 60050-461 and
bwing apply.

and IEC maintain terminological databases for use in standardization at the follow
resses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online brogwsing platform: available at http://www.iso.org/obp

roximate,value

eat

(tial

e —

the

ng

Noe’entry: It is used, for example, for the calculation of other dimensional values.

3.2
bra
cov

[SOURCE: IEC 60050-461:2008, 461-05-10

3.3
bra

id
ering formed from braided metallic or non-metallic material

id armour

covering formed from braided metal wires used to protect a cable from external mechanical
effects

Note 1 to entry: Where the rules of the applicable national, regulatory or approval body permit the practice, it is

also

possible to use the braid armour as an earth conductor.
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020

Note 2 to entry: Copper-wire braid armour may also provide a limited function of an electrostatic collective

scre

3.4

en, provided it is effectively earthed.

compatibility test
test intended to check that the insulation and sheath are not liable to deteriorate in operation
due to contact either with each other or with other components in the cable

3.5

conductor

<of

a cable> part of a cable which has the specific function of carrying current

[SQURCE: IEC 60050-461:2008, 461-01-01]

3.6

cornductor screen
non-metallic conducting layer applied between the conductor and insulation .to equalise

ele

ttrical stress between these components

Notg 1 to entry: It may also provide smooth surfaces at the boundaries of the-insulation and assist in

elim

3.7

nation of spaces at these boundaries

core-insulated conductor, US

ass

embly comprising a conductor and its own insulation (and screens, if any)

Notgq 1 to entry: In North American usage, the core of a cable has been defined as the assembly of componen

a ca

3.8
dra
un
spe

ble lying under a common covering such as the sheath (jacket).

in wire
nsulated wire laid in contact with an electrical screen or an electrical shield which has

thrqughout the length of the cable

the

the

s of

the

cific function of earthing an elecirostatic screen by ensuring a low resistive path

ISAOURCE:- IEC 60050-461-2008 4161-03-07  modified (addition—of text from " which as

oo = o O uou-40 129U, 40 1—vo-uv 5 RoGiHe—aGaiHoR—ortexXt—Hom WHHEA—3S
" }

3.9

electrostatic screen

ele
ear
cab
trip

ctrostatic shield, US
hed metallic\layer surrounding a cable which confines the electric field generated by

e(s) or.quad(s) from external influence

Notq 1<to entry: Metallic sheaths, foils, braids, armours and earthed concentric conductors may also serve a

elec

rostatic screen, provided they are effectively grounded or earthed.

the

le within the-cable cores, pair(s), triples(s) or quad(s), and/or protects the core(s), paif(s),

Fan

3.10

fict

itious value

value calculated according to the "fictitious method" described in Annex A

3.11
filler
material used to fill the interstices between the cores of a multi-conductor cable

[SOURCE: IEC 60050-461:2008, 461-04-05]
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3.12

fire resistance

circuit integrity

ability of an electric cable to continue to operate in-the a designated manner whilst subjected
to a specified flame source for a specified period of time under specified conditions

3.13

flexible cable
cabfe—which—sTequired—to be capable of bemg flexedwhite i service and of whichjthe
strycture and materials are such as to fulfil this requirement

[SQURCE: IEC 60050-461:2008, 461-06-14]

3.14
indjvidually screened cable

radjal field cable

cablle in which each core is covered with an individual screen

[SQURCE: IEC 60050-461:2008, 461-06-12]

3.19
innpr covering
non-metallic covering which surrounds the core or the assembly of the cores or the cabjing
elements (and fillers, if any) of a multi-conductar)cable and over which further layers |are
applied and which has no mechanical or electrical functions

Notgq 1 to entry: The inner covering can be either extruded or taped, and in either case forms a continuous Igyer,
whigh has only an approximate value of thickness and no defined mechanical requirements.

Notgq 2 to entry: Taped inner coverings are also,sometimes called "lapped beddings".

e o= leo sn0En den 0000 B OE 00 cneclifiodl Loddiblon of Mhaihor lesence 1 b
e e e
3.16

inner sheath
inner jacket, US
non-metallic sheath) generally applied under a metallic sheath, reinforcement or armoyr— ‘
should-be-extruded

Notgq 1 to entry:/ The inner sheath shall have the following properties:

- t shall be extruded;

— Jt'may be used to fill the interstices;
— it shall be of a material listed in IEC 60092-360;

— it shall have a defined nominal thickness (value).

[SOURCE: IEC 60050-461:2008, 461-05-13, modified — The note to entry has been added.] ‘

3.17

insulated cable

assembly consisting of

— one or more cores;

— their individual covering(s) (if any);
— assembly protection (if any);

— protective covering(s) (if any).
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Note 1 to entry: Additional un-insulated conductor(s) may be included in the cable.
Note 2 to entry: The assembly protection may consist of fillers, binders or inner coverings.

Note 3 to entry: The protective covering(s) consists of one or more "constituent elements" such as a metallic
braid, wire or a metallic screen, thermosetting or thermoplastic sheaths, (impregnated) fibrous braid or woven tape,
bedding for metal armour or paint for metal armour.

[SOURCE: IEC 60050-461:2008, 461-06-01, modified {(additieor—of — Notes 2 and 3 to entry}
have been added.]

3.18

insplation screen

core screen

elegtrical screen of non-metallic semi-conducting layer in combination with a metallic\layer

ial length of one complete turn of the helix formed by one cable-component in a twigted
truction

[SQURCE: IEC 60050-461:2008, 461-04-01, modified (addifion—of — The words "in a twigted

degreasing) succession, if the number of available values is odd, and the mean of the fwo

cablle consisting of more than one pair, triple or quad unit either unscreened or with| an
individual electrostatic screen around each unit or having an electrostatic screen applied

d 1 to entry: Usually, in this document, nominal values refer to values which are to be checkedq by
meapurements, taking into account specified tolerances.

3.23

oversheath

outer sheath

protective overall jacket, US

protective jacket

non metallic sheath applied over a covering, generally metallic, ensuring the protection of the
cable from the outside

Note 1 to entry: The outer sheath shall have the following properties:
— it shall be extruded;

— it may be used to fill the interstices;

— it shall be of a material listed in IEC 60092-360;

— it shall have a defined nominal thickness (value).
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Note 2 to entry: In North-America, the term sheath is generally used for metallic coverings, whereas the term
jacket is used only for non-metallic coverings.

[SOURCE: IEC 60050-461:2008, 461-05-04, modified — Note 2 to entry has been replaced by
a new note.]

3.24
pair unit
two cores laid up with or without interstitial fillers or binder tape(s)

3.25
qudd unit
four cores laid up with or without interstitial fillers or binder tape(s)

3.26
separator
thin layer used as a barrier to prevent mutually detrimental effects, (betiveen diffefent
components of a cable, such as between the conductor and insulation er/between insulalion
and sheath

[SQURCE: IEC 60050-461:2008, 461-05-01]

3.2y
single unit cable
cablle consisting of either one pair, triple or quad unit, either unscreened or with an indiviqual
ele¢trostatic screen

3.2£

stranded conductor
conductor consisting of a number of individtal wires all or some of which generally havie a
helical form

Notgq 1 to entry: The cross section of a stranded conductor may be circular or otherwise shaped.

Notq 2 to entry: The term "strand" is\also used to designate a single wire.

[SQURCE: IEC 60050-461:2008, 461-01-07, modified — The words "or strands" have bgen
del¢ted from the definitjon,]

3.2

SZ cabling
method of cabling in which the direction of lay of the cable components is periodigally
reversed

[SQURCE: IEC 60050-461:2008, 461-04-07]

3.30
triple unit
three cores laid up with or without interstitial fillers or binder(s)

3.31 tests

3.311

routine test

test made by the manufacturer on each manufactured length of cable to check that each
length meets the specified requirements
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3.31.2

sample test

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

3.31.3
type test

tesi‘mmmmﬂmmm ; i S, this
docgument, in order to demonstrate satisfactory performance characteristics to meet [the
intended application

Notg 1 to entry: These tests are of such a nature that, after they have been made, they neednot be repepted
unleps changes are made in the cable materials or design or manufacturing process which Jmight change| the
perfprmance characteristics.

4 |Constructional requirements

4.1 General requirements
411 General

Thg construction of the cable is given in the applicablée product standard.

4.1(2 Voltage designation

Thg standard method of designating the rated voltages of cables covered by this document
shd]ll take the form

Uy/U (U,)

where

Uy is the rated power-frequency voltage between phase conductor and earth or metallic
screen, for which the cable is designed;

U is the rated-power-frequency voltage between phase conductors for which the cablg is
designed;

Un is the“maximum value of the "highest system voltage" for which the equipment may| be
Used.

All vettages-are-given-asRMSvratues

4.1.3 Cable marking
4.1.31 Indication of origin

Cables shall be provided with a continuous indication of origin (manufacturer’s name and/or
trade mark) by one or more of the following methods:

a) printing, indenting or embossing on the outer sheath;

b) a printed tape within the cable;

c) the inclusion of identification threads within the cable;

d) printing on the insulation of at least one core.
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The marking shall be legible.

Spacing and dimensions of the indication of origin shall be as given in the applicable product
standard.

Conformity shall be checked by visual examination, and the durability of the print, where
applicable, shall be in accordance with the test given in 8.20.

NOTE National or regulatory authorities or approval bodies might request the method of marking according to
their applicable rules.

4.1)3.2 Rated voltage and cable construction

When specified in the applicable product standard, the rated voltage (U,/U) “and |the
confstruction (number of cores and cross-sectional area of the conductors) shall‘be prinjed,
indénted or embossed on the outer sheath.

Thg marking shall be legible.
Spdcing and dimensions shall be as given in the applicable product(standard.

Conformity shall be checked by visual examination, and the durability of the print wHere
applicable shall be in accordance with the test as given in 8;20.

4.1)3.3 Optional cable designation/external markings

When agreed between the manufacturer and purchaser, cables may, in addition, be marked
with a code designation that signifies the «ype of insulation/screening/armouring pgnd
shefathing materials used in their construction,

Thg marking shall be by embossing, indenting or printing on the outer sheath.
Thg marking shall be legible.
Sp4dcing and dimensions shall:be as given in the applicable product standard.

Conformity shall be checked by visual examination, and the durability of the print where
applicable shall be in"accordance with the test as given in 8.20.

4.1)4 Core_identification

Al

cores shall be clearly identified.

Thg cares of multi-core cables or cores within pair, triple or quad unit(s) shall be identified by
colourormumbermyas givernr i theappticabte product standard:

The colour or numbering shall be clearly identifiable and durable.

Spacing and dimensions of any numbering shall be as given in the applicable product
standard.

Conformity shall be checked by visual examination, and the durability of the print where
applicable shall be in accordance with the test as given in 8.20.
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4.1.5 Halogen-free cables

For halogen-free cables, the non-metallic components shall meet the requirements given in
Table 7.

4.2 Conductors
4.21 Material

The conductors shall consist of plain or metal-coated annealed copper.

4.2)2 Metal coating and separator

Thg component copper wires shall be metal-coated when used for conductors having{a crgss-
linked insulation, unless a separator between the conductor and the insulation isprovided, or
suiffable compatibility type tests are carried out to demonstrate that no harmful effects ogcur
with uncoated copper wires. The metal coating shall be considered as satisfactory if, on vigual
inspection, the wire surface appears smooth, uniform and bright, and thedifisulation does|not
adHere to the conductor.

If al compatibility test is required, it shall be carried out using thexmethod and requiremgnts
specified in 8.6.

4.213 Class and form

Thg conductors considered in this document are intended only for fixed installations and shall
comply with class 2 or class 5 of IEC 60228. Theninimum nominal conductor size depehds
on the voltage rating of the cable and shall be inaccordance with Table 1.

Stranded copper class 2 conductors are recommended for general fixed-installation systens.

To Jaid installation, a conductor of class 5 may be used. Cables using class 5 conducfors
should not be regarded as suitable for-repeated flexing in service.

Stranded circular non-compacted or compacted conductors are permitted for all crgss-
seclions. Sector-shaped conductors are permitted for cross-sections of 10 mmZ2and above.

Table 1 — Minimum size of conductors

U Nominal cross-sectional
area (minimum)

mm?

250 V 0,5
1000V 1,0
6 kV 10
10 kV 16
15 kV 25
20 kV 35
30 kV 50

The nominal size of the conductors shall be limited to 630 mm?2 in accordance with the values
specified in IEC 60228.
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All conductors shall have a regular shape and shall be free from sharp projections and other
defects liable to damage the insulation.

4.2.4 Resistance

Unless specified in the applicable standard, the DC resistance of the conductors shall not
exceed the applicable maximum value given in IEC 60228.

The DC resistance of conductors used in multi-unit (pairs, triples or quads) cables shall not
exceed the maximum value given in the applicable product standard.

Thg DC resistance of drain wires shall not exceed the maximum value given in the applicgble
profluct standard.

Brajds, including an optional earth lead underneath and in continuous contact‘with the brpid,
and armours, when used as earthing conductors, should have a value of conductance at Igast
equal to that of the value for phase conductors for cross-sections up to aridyincluding 16 nm?
and 50 % of the value for phase conductors with cross-sections greater than 16 mm?2.

Thg use of braids or armours as earthing conductors may not be permitted in some countfies
or hy some approval authorities.

4.3| Insulation system
4.31 Material
Thq insulation system shall consist of at least one of the following:

a) |one of the insulation compounds listed in IEC 60092-360;

b) [a combination of two or more layer(s) ‘of.the insulation compounds listed in IEC 60092-360
that complies with the full requirements of one type;

c) |a combination of one or more layers of inorganic tape(s), and one or more layer(s) of|the
insulation compounds listed in"|EC 60092-360 that complies with the full requirement$ of
one type.

4.3)2 Application

Thg insulation shall be-extruded in one or more closely adherent layers. The insulation sysfem
shdll form a compact and homogeneous body and shall be so applied that it fits closely gnto
the|conductor or tape(s), if any.

It zrall be possible to remove the insulation without damaging the conductor or the mgtal
coafting, if-any.

Compliance shall be checked by visual inspection.

4.3.3 Insulation thickness

The thickness of insulation is specified for each size and type of cable in the applicable
product standard.

For single core or multi-core cables, the thickness at any point may be less than the specified
value, provided the difference does not exceed 0,1 mm + 10 % of the specified value.

For single-unit or multi-unit cables, the thickness at any point may be less than the specified
value, provided the difference does not exceed 0,1 mm + 20 % of the specified value.
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The thickness of any separator, screen or inorganic tape(s) applied over the conductor or over
the insulation shall not be included in the thickness of insulation.

4.4 Screens
4.41 Conductor and insulation screens for high-voltage cables
4411 Conductor screen

The conductor screen shall consist of an extruded semi-conducting compound which may be
applied over a semi-conducting tape.

Thqg extruded semi-conducting compound shall be firmly bonded to the insulation.

4.4)1.2 Insulation screen

Thqg insulation screen shall consist of a non-metallic semi-conducting layer-in combination
with a metallic layer. The non-metallic layer shall be extruded directly upoh the insulatiofp of
eadh core and consist of either a bonded or strippable semi-conductingscompound.

A lgyer of semi-conducting tape or compound may then be applied.aver the individual core$ or
corg assembly.

Thg metallic layer shall be applied over the individual corés.

Thg metallic layer shall consist of one or more tapes; or a braid, or a concentric layer of wifes,
or g combination of tape(s) and wires.

Thg dimensional, physical and electricalrequirements of the metallic layer shall| be
determined taking into account any other requirements (for example, national or apprgval
authority regulations and standards), ingluding the value of current to be carried in the casg¢ of
fault.

4.4)2 Screens (shields) for low voltage cables
4.4{2.1 Construction
Thq screen shall consistof one of the following:

a) |a metal/polyesier-laminated electrostatic screening tape applied with the metallic sid¢ in
contact with_a.drain wire or a metallic screening tape with an appropriate overlap;

The metalfpolyester tape shall be either aluminium-bonded to polyester or copper-bonfed
to polyester. The thickness of the tape is specified in the applicable product standard. The
metal/polyester tape shall be in contact with a drain wire which shall be composed of
metal-coated annealed copper wires in the case of aluminium laminate tape and either

| P ' pu | loal + +l £ l + 4 4 Tl H
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resistance of the drain wire is specified in the applicable product standard.

b) the metallic screening tape shall be a plain or metal-coated tape (the thickness of the tape
is specified in the applicable product standard); or

c) a plain copper or metal-coated copper braid with a drain wire if necessary applied in
accordance with the formula given in 4.8.2; or

d) a combination of a) and c) or b) and c¢) above. Using this option, the drain wire may be
omitted.

4.4.2.2 Application

The screen may be applied either over a single unit as an individual screen or over a
formation of multi-cores or multi-units as a collective screen.
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NOoTE The electrostatic screens may also serve as an electromagnetic screen, in which case
the requirements need to be verified with the customer.

In multi-unit cables, the individual electrostatic screens shall be electrically isolated both from
each other and the collective screen, if any.

4.5 Cabling

4.51 Multi-core cables
Th mdivddiial carac chAall ha twictad tncaaothaor in caoncantric lavare with aithar A ricaht Ar aft_
g—Hehreda— 6o+ S—SHa—e—tWiste a—+o g8t e — 6o R ety erS— Wt e e —a—+gHt—6+—€c

hand lay. The use of reversed lay (SZ formations) is permitted. When necessary, filler(s) or
extjuded layers as detailed in 4.6 may be used to obtain a circular cable.

A npn-hygroscopic binder tape or tapes may be applied over each layer.

4.5)2 Multi-unit cables

Thg formation of the individual units and then the assembly of the unijts jshall be in accordance
with the applicable product standard.

4.6 Inner coverings, fillers and binders

Thq inner covering, if any, may be extruded or lapped, as‘specified in the relevant standarfl of
the|cable. The inner covering shall be extruded in case of a braid armour of galvanized sieel
wirgs.

It ghall be possible to remove the inner <covering without damaging the underlying
conmpiponents.

Taged inner coverings shall be applied in\one or more overlapping layers.

An ppen helix of suitable tape is permitted as a binder before application of an extruded inner
covering. The thickness of the binder tape is optional.

Thqg inner covering, fillers_and binders, if any, shall be of non-hygroscopic material. The
maferial selected shallibe. compatible with cable components with which it is in contact pnd
conppatible with the poperating temperature of the cable.

NOTIE In hazardous, locations, inner coverings used instead of an inner sheath will not prevent the migratign of
compustible gas-ordust particles through the cable. This is normally prevented by hazardous location rated dable
glangds dependeqt upon an impervious inner sheath on which to effect a seal.

4.7 Inner sheath

4. 71" Material

The inner sheath material shall be selected from one of those listed in IEC 60092-360. The
sheathing compound selected shall be compatible with the cable components with which it is
in contact and compatible with the operating temperature of the cable.

4.7.2 Application

The inner sheath shall be extruded in one or more closely adherent layers. The inner sheath
shall form a compact and homogeneous body and shall be so applied that it fits closely onto
the underlying components.

It shall be possible to remove the inner sheath without damaging the underlying insulation
and/or screen(s).
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4.7.3 Thickness of inner sheath

The thickness of the inner sheath for each size and type of cable shall be as specified in the
applicable product standard.

Unless specified in the applicable product standard, the thickness at any point may be less
than the specified value, providing the difference does not exceed 0,1 mm + 15 % of the
specified value for sheaths applied on a smooth cylindrical surface, or 0,2 mm + 20 % of the
specified value for sheaths applied on an irregular cylindrical surface.

the

e thickness of the inner sheath.
4.8 Metal braid armour

4.8/1 Material

Thg metal braid armour shall be made of zinc-coated (galvanized) steelrwires complying yith
the| galvanizing test specified in 8.12 and ISO 7989-2, or copper, metal-coated copperf or
coplper-alloy wires.

Eorlhiah voltaae cables desecribed - in I1EC 60002-354 the use -of double steel tane armour bnd
FoHHgRYoHage-6abte s GescHoeaH1ET by L-oo4theUsSe-pt-aodbiesteertapearmourpha
rouhd-—or flat steel wire armour—are nermitted— For furthef-‘eiidance—on—construction ee
roupa—or—Hat—steer—wiHe—armodr—are—pertte a—rFoF—Hdher tHEaahRce—oR—ConRStrucHonR—pee

4.8)2 Application

Thq "coverage density" of the braid shall be such.that the weight of the braid is at least 9D %
of the weight of a tube of the same metal, having an internal diameter equal to the calculgted
intgrnal diameter under the braid and a thickness equal to the nominal diameter of the wjres
forming the braid.

Thg diameter under the braid is calculated with the fictitious method given in Annex A.

NOTIE An alternative method for evaluating the "coverage density" of symmetrical braids is given by the follo
formula giving the "filling factor", F

ng

NPd
F=

- , or
Sina

(mnd/2nD) (1 + w2D?/L?)"2

whefe

o is the slope angle between the cable axis and the braid wires;
d —Isthedifameterof braitwire;

N is the number of wires per carrier;

P is the number of picks per millimetre;

m is the total number of spindles;

N}

is the total number of ends per spindle;

o

is the mean diameter of the braid;

L is the lay length of the braiding wire.

The corresponding "coverage density", expressed as a percentage, is given by the formula:

T
G=—xFx100
2
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The

4.9

coverage density G of 90 % is reached for a value of filling factor F of 0,573.

Outer sheath

491 Material

The sheath shall be selected from one of those listed in IEC 60092-360. The sheathing
compound selected shall be compatible with the cable components with which it is in contact
and compatible with the operating temperature of the cable.

4.9.2 Application

Thdg

outer sheath shall be extruded in one or more closely adherent layers. The outer shegath

shdll form a compact and homogeneous body and shall be so applied that it fits cleSely gnto

the
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underlying components.

hall be possible to remove the outer sheath without damaging the underlying insula
/or screen(s).

3 Thickness of outer sheath

Huct standard.

ess specified in the applicable product standard, the-thickness at any point may be |
N the specified value, if any, providing the difference does not exceed 0,1 mm + 159
specified value for sheaths applied on a smooth_¢ylindrical surface, or 0,2 mm + 20 9
specified value for sheaths applied on an irregular cylindrical surface.

4 Calculation of lower and upper limits for the outer dimensions of cables
calculation of lower and upper limitis for the outer dimensions of cables with circ

per conductors are given in Annex®.

Test methods

Test conditions
1 Ambient temperature

bss otherwise, specified in the details for the particular test, tests shall be made at
pient temperature of (20 £ 15) °C.

2 Frequency, waveform and magnitude of power-frequency test voltages

Th

freéquency of the alternating test voltages shall be in the range 49 Hz to 61 Hz

on

thickness of sheath for each size and type of cable shall be(as’specified in the applicgble

less
of
L of

Llar

an

he

waveform shall be substantially sinusoidal. The power-frequency test voltages given in this

doc

5.2

5.2.

ument are RMS values.

Routine tests

1 General

The routine tests required by this document are:

a)
b)
c)

measurement of the electrical resistance of conductors (see 5.2.2);
voltage test (see 5.2.3);
partial discharge test for rated voltages 6 kV up to 30 kV (see 5.2.4).
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The routine tests are normally carried out on each manufactured cable length and may be
carried out, at the manufacturer's option, either on delivery lengths or on manufactured
lengths before they are cut into delivery lengths.

5.2.2 Measurement of the electrical resistance of the conductors

Resistance measurements shall be made on all conductors of each cable length submitted to
the routine test.

The completed cable length, or a sample from it, shall be placed in the test room, which shall
be ||ai||tai||cd dt [=] IUGOUIIdb:y bullbtdllt tclllpcnat\.uc fUI dt :cqat 12 h bchIU thc tUOt. :II the
casp of doubt as to whether the conductor temperature is the same as the room temperattre,
the|resistance shall be measured after the cable has been in the test room for 24-h:Ag an
altgrnative, the resistance shall be measured on a sample of conductor conditioned fof at
least 1 h in a temperature-controlled liquid bath.

Thg measured value of resistance shall be corrected to a temperature of/220°C and a length
of 1 km in accordance with the formulae and factors given in IEC 60228.

Unless otherwise stated in the applicable product standard, the)YDC resistance of epch
conductor at 20 °C shall not exceed the appropriate maximum value specified for [the
applicable class of conductor in IEC 60228.

5.2{3 Voltage test
5.2{3.1 General
Thg voltage test shall be made at ambient temperature using, at the manufacturer's optjon,

altgrnating voltage at power frequency, direct-voltage or, where applicable, spark tesfing
(high-frequency or other forms of voltage).

5.2{3.2 Single-core cable withoutimetallic layer

If the single-core cable has no \meétallic layer, the cable as delivered shall be immersed in
wafer at ambient temperature for.a minimum period of 1 h.

A vpltage shall be applied between the conductor and the water.
Thg voltage and the'duration of its application shall be as given in Table 2.

Altgrnatively, the*whole length of the completed cable as delivered shall be spark-tested (see
5.213.7).

5.2.8.3 Multi-core cable and cables with one or more metallic layers

A voltage shall be applied in turn between each conductor and each of the other conductors
and the metallic layer, if any. The conductors may be suitably connected for successive
applications of the test voltage to limit the total testing time, provided that the sequence of
connections ensures that the voltage is applied for at least 5 min without interruption between
each conductor and each other conductor and between each conductor and the metallic layer,
if any.

In radial field cables, the voltage shall be applied between the conductor and the core screen.

The voltage and the duration of its application shall be as given in Table 2.
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5.2.3.4 Voltage test on sheath

The test shall be made on sheathed cable where there is a metallic layer under the sheath.
The whole length of the completed cable as delivered shall be spark-tested (see 5.2.3.7).

5.2.3.5 Test voltage

Unless otherwise stated in the applicable product standard for the cable, the values of the test
voltage for the standard rated voltages-are shall be those given in Table 2.

Table 2 — Routine test voltage

Rated voltage of cable Test voltage for 5 min
UylU Alternating current (AC) Direct current(DC) 2
kv kV kV
0,15/0,25 1,5 3,6
0,6/1 3,5 8,4
1,8/3 6,5 15,6
3,6/6 12,5 -
6/10 21 -
8,7/15 30,5 -
12/20 42 -
18/30 63 -
NO[TE The values for enhanced insulation thickness are given in the product standard.
a8 |DC testing is not recommended for cables with rated voltages > 1,8/3 kV.

5.2)3.6 Requirement

Thqg test voltage shall be increased gradually to the specified value and no breakdown of|the
insyilation shall occur.

5.2{3.7 Spark test

When specified, thistést shall be carried out in the final stage of manufacture.

Thqg cable shall~withstand the test voltage specified without failure of the insulation or shgath
as pppropriate. The spark test equipment used shall detect a puncture in the insulation or
shefath having a diameter equal to, or greater than, half the specified insulation or shgath
thickness. The recovery time of the spark tester shall be not greater than 1 s.

The magnitude and presence of the voltage shall be such that, with the electrode system used
and at the speed used for the passage of the cable through the spark tester, the test
requirements are met.

Unless otherwise stated in the applicable product standard for the cable, the values of the test
voltage for insulation shall be:

— AC (50 Hz) 3,0 kV + (5% tabulated insulation thickness in mm) kV

- DC VAC x 1,5

- H.F. V AC + 1,0 kV

Unless otherwise stated in the applicable product standard for the cable, the values of the test
voltage for sheath shall be:
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AC (50 Hz) 3,0 kV
DC VAC x 1,5

NOTE The-adoption-of lEC62230-is—under-consideration{ For recommended minimum spark test voltage levels,

see Annex B).

5.2.

4 Partial discharge test

The partial discharge test shall be carried out in accordance with-tEC-60885-2 IEC 60885-3.

The

6.1
Ths

a)
b)

d)
6.2

b)

magnitude of the discharge at 1,735 Uy shall not exceed o pC.

Sample tests

General
sample tests required by this document are:

conductor examination (see 6.4);
check of dimensions (see 6.5 to 6.7);
hot-set test for insulations and sheaths (see 6.8);

insulation resistance test (volume resistivity determination, see 6.9).

Frequency of sample tests
Conductor examination and check of dimensions

Conductor examination, measurement of.«{he thickness of insulation and sheath
measurement of the overall diameter, if required by the purchaser, shall be made on
ength from each manufactured series'of the same type and size of cable, but shall
imited to not more than 10 % of the_.number of lengths in any one contract.

Physical tests

By agreement between the purehaser and manufacturer, the test specified shall be m
on samples taken from cables manufactured for the contract, provided that the total ler
in the contract exceeds\2km of multi-core cables or 4 km of single-core cables.
number of samples to,be’tested is given in Table 3.

and
bne
be

hde
gth
he
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Table 3 — Number of samples according to cable length

For multicore cable lengths > 30 km, add one sample for each additional 10 km.

For single core cable lengths > 60 km, add one sample for each additional 20 km.

Cable length Number of
Multi-core cables Single-core cables samples
Above Up to and including Above Up to and including

km km km km

2 10 4 20 1

10 20 20 40 2

20 30 40 60 3
> 30 - > 60 - 2k

NGTE

6.3

If a
bat

Repetition of tests

additional samples pass the tests, all the cables in the batchAfrom which they were taken s

be

sanples fails, the batch from which they were taken shall-be regarded as failing to comply.

6.4

Cor
by i

6.5
6.5

Ead
fron

For
on
the

6.5
The

Conductor examination

nspection and by measurement when applicable.

Measurement of thickness of insulation
1 General

h cable length selected for-the test shall be represented by two pieces of cable, one ta
h each end, any portion.which may have suffered damage being discarded.

which the meaSurements are to be made shall be limited to either three cores, or 10 ¢
cores, whichever number is greater.

2 Procedure

testprocedure shall be in accordance with the IEC 60811-201.

ny sample fails any of the tests of 6.2, two further samples shall be taken from the sgme
Ch and submitted to the same test or tests in which the original sample failed. If Qoth

hall

regarded as complying with the requirements of this document. If either of the additignal

hpliance with the requirements of IEC 60228 for conductor construction shall be checked

ken

cables having more than three cores of equal nominal cross-section, the number of cqres

b of

6.5.

3 Requirements

For each piece of core, the smallest value, rounded off to the nearest 0,01 mm (see Annex C)

sha

Il not be less than specified in the applicable product standard.

If the measured value on either of the two pieces fails to meet the requirements specified in
4.3.3, two further pieces shall be checked. If both of these further pieces meet the specified
requirements, the cable is deemed to comply, but if one of them does not meet the
requirements, the cable is deemed not to comply.


https://iecnorm.com/api/?name=d1ce37e26b0ed619247f412d2e3e3921

- 28 — IEC 60092-350:2020 RLV © IEC 2020

6.6 Measurements of thickness of non-metallic sheaths
6.6.1 General

Each cable length selected for the test shall be represented by two pieces of cable, one taken
from each end, any portion which may have suffered damage having been discarded.

6.6.2 Procedure

The test procedure shall be in accordance with IEC 60811-202.

6.6)3 Requirements

For| each piece of sheath, the smallest value, rounded off to the nearest™0;01 mm
(see¢ Annex C) shall not be less than specified in the applicable product standard;

If the measured value on either of the two pieces fails to meet the requirements specified in
4.7)3 or 4.9.3, two further pieces shall be checked. If both of these further pieces meet|the
specified requirements, the cable is deemed to comply, but if one of them does not meet|the
requirements, the cable is deemed not to comply.

6.7 Measurement of external diameter

If the measurement of the external diameter of the cable is\required as a sample test, it shall
be ¢arried out in accordance with IEC 60811-203.

6.8 Hot-set test for insulations and sheaths
6.8]1 General procedure

Thg sampling and test procedure shall \be' carried out in accordance with IEC 60811-p07
employing the conditions given in IEC 60092-360 for the insulation and for the sheath.

6.8)2 Requirements

Thq test results shall comply with the requirements given in IEC 60092-360 for the insulation
and for the sheath.

6.9| Insulation resistance test (volume resistivity determination)

Thq insulation resistance shall be measured at ambient temperature using a DC voltag¢ of
80 V to 500 V,%after any AC high-voltage test has been carried out, but before any DC hjgh-
vollage test-isicarried out.

Thg measurement shall in general be effected 1 min after application of the voltage. In certain
casgs,\However, in order to reach a substantial steady-state condition, the time of applicajion
may be prolonged up to a maximum of 5 min.

The connection procedure in carrying out the test on different types of cables shall be as
follows.

— For single-core cables with a metallic layer, the insulation resistance measurement shall
be performed between the conductor and the metallic covering.

— For single-core cables without a metallic layer, the insulation resistance measurement
shall be performed between the conductor and the water in which the cable shall be
immersed at least 1 h before the test.

— For cables having two to five conductors, with or without metallic layer, the insulation
resistance measurement shall be performed in turn between each conductor and all other
conductors connected together and to the metallic covering, if any.
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For cables having more than five conductors, the insulation resistance measurement test
shall be performed: first, between all conductors of uneven number in all layers and all
conductors of even number in all layers; second, between all conductors of even layers

and all conductors of uneven layers; third, if necessary, between the first and the
conductor of each layer having an uneven number of conductors.

last

For cables with individually screened units, an additional insulation resistance test shall be
performed in turn between each screen and all other screens connected together and to

the metallic armour, if any.

The measurement values of the insulation resistance shall be corrected to the reference

te
exp
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7.1

Thdg

nerature of 20 °C _hv _usina an annranriata tamngrature corraction factor hased
g Y ) PrPToP 1

erimental results obtained on the insulation material concerned.

ime resistivity (p) shall be calculated from the measured insulation resistance by
hula:

p =2 LRI In(D/d)

re
is the volume resistivity in ohms centimetre;

is the measured insulation resistance, corrected to 20 °C, in ohms;
is the length of the cable, in centimetres;

is the outer diameter of the insulation, in millimetres;

is the inner diameter of the insulation, in millimetres.

calculated value of volume resistivity (p) shall be not less than the value specified for
licable insulating material in IEC 60092-360:

E 1 In some instances, the value for the volume resistivity is given in the form of the "insulation resist
tant K" value (expressed in MQ-km) which isiequivalent to 0,367 x 10~ p (p expressed in Q-cm).

E 2 For the core of shaped conductors; the ratio D/d is the ratio of the perimeter over the insulation tg
neter over the conductors.

Type tests, electrical

General

type tests defined by this document, and to be applied on samples of completed ca
m to 15 m long unless otherwise specified, are the following:

insulation’/resistance measurement at ambient temperature (see 7.2.1);

insulation resistance measurement at the maximum rated temperature (see 7.2.2);

d)
e)
f)

7.2

7.2.
7.2.

on

the

the

pince

the

ble,

increase of the AC capacitance after immersion in water when required (see 7.3);
high-voltage test for 4 h (see 7.4);

mutual capacitance (see 7.5);

inductance (see 7.6).
Insulation resistance measurement
1 Measurement at ambient temperature

1.1 General

This test shall be made on the sample length before any other electrical test. All outer
coverings shall be removed and the cores shall be immersed in deionised water at ambient
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temperature at least 1 h before the test. The measurement shall be made between the
conductor and the water (see 7.4).

The DC test voltage shall be in the range 80 V to 500 V and shall be applied for not less than
1 min and not more than 5 min. If requested, the measurement may be confirmed at
(20 £ 2) °C.

7.2.1.2 Calculations

Volume resistivity (p) shall be calculated by the method given in 6.9.

NOTIE In some instances, the value for the volume resistivity is given in the form of the "insulation reSistance
congtant K;" value (expressed in MQ-km) which is equivalent to 0,367:107"" p (p expressed in Q-cm).

7.211.3 Requirements

Thqg calculated value of volume resistivity (p) shall be not less than the value;specified for|the
applicable insulating material in [IEC 60092-360.

7.2)2 Measurement at maximum rated temperature
7.2)2.1 General

Thg cores of the cable sample with all outer coverings renigved shall be immersed in water,
which shall be heated at the specified temperature for at |east 1 h before test.

Thg DC test voltage shall be in the range 80 V to 500)V and shall be applied for not less than
1 min and not more than 5 min.

7.2]2.2 Calculations

Volume resistivity (p) shall be calculatediby the method given in 6.9.

NOTE In some instances, the value for,the volume resistivity is given in the form of the "insulation resistance
congtant K" value (expressed in MQ-km)which is equivalent to 0,367:107"" p (p expressed in Q cm).

7.2)2.3 Requirements

Thqg calculated value ofiwvolume resistivity (p) shall be not less than the value specified for|the
apglicable insulating-myaterial in IEC 60092-360.

7.3] Increase.in’'AC capacitance after immersion in water

7.3/1 General

Thg increase in AC capacitance test shall be carried out in accordance with the follow
mefthod.

ng

7.3.2 Preparation of test specimens

Every test specimen shall consist of a core sample 4,5 m long in which any covering of the
insulation (including vulcanization tape, if any) has been removed.

7.3.3 Apparatus

A water tank shall be used so that the central portion of the test specimen is immersed over a
length of 3 m whilst a length of 0,7 m is maintained above the water level at each end.

The water shall be thermostatically maintained at a temperature of (50 = 2) °C.
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The water level shall be maintained constant.

7.3.4 Procedure

The test specimen shall first be dried for 24 h in an oven, the air of which is maintained
between 70 °C and 75 °C.

As soon as the test specimen is removed from the oven, the specimen shall be immersed, as
indicated above, in tap water which has been previously heated to 50 °C.

Thg immersion shall be maintained at this temperature for 14 days.

Thg capacitance between the conductor and the water shall be measured with low-voltage|AC
at g frequency of 900 Hz + 100 Hz. Three measurements shall be carried out:

— Jat the end of the first day: C1;
— Jat the end of the seventh day: C7;
— |at the end of the fourteenth day: C14.

Precaution—must shall be taken to ensure that the temperature-and the water level are |the
same for all measurements.

Thg increase in AC capacitance shall be calculated and expressed in a percentage:

a) |[between the end of the first day and the end of thefourteenth day: (C14 — C1)/CH1;
b) ppetween the end of the seventh day and the end of the fourteenth day: (C14 — C7)/C7.

7.3)5 Requirements

Thg values calculated from the measuréments shall be not more than those specified in
IEQ 60092-360.

7.4 High-voltage test for 4 h for cables rated up to 1,8/3 kV
7.4/1 General

Thg cores of the cable’ sample with all outer coverings removed shall be immerseq in
deipnised water at room-temperature for at least 1 h.

A power-frequency voltage equal to three times the rated voltage U, shall be gradually
applied and maintained continuously for 4 h between the conductor and the water.

7.4)2 Requirement

No breakdown of the insulation shall occur.

7.5 Mutual capacitance (control and instrumentation cables only)

The mutual capacitance shall be measured at 1 kHz on a total of at least two pairs, triples or
quads that have been selected at random from the inner and outer layers. The values
obtained shall be recorded in the cable type-test report.

7.6 Inductance to resistance ratio (control and instrumentation cables only)

The inductance-to-resistance ratio (L/R ratio) shall be calculated from measurements of
inductance (L) made at 1 kHz on a total of at least two pairs, triples or quads that have been
selected at random from the inner and outer layers and the DC resistance measured at 20 °C.
The values obtained shall be recorded in the cable type-test report.
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High voltage sequence test (cables having a voltage rating higher than
3,6/6 (7,2) kV)

1 General

The electrical type tests listed in 7.7 shall be performed on a sample of completed cable 10 m

to 1

5 m in length between the test accessories.

With the exception of the provisions in 7.7.2, all the tests listed in 7.7.1 shall be applied

suc

cessively to the same sample.

Int

The

a)
b)

c)
d)

e)

f)
g)
7.7

he three-core cables, each test or measurement shall be carried out on all the cores:

normal sequence of tests shall be:

partial discharge test (see 7.7.3);

bending test, plus partial discharge test the magnitude of the dischargeat'1,73 U, shal
recorded (see 7.7.4);

tan 6 measurement as a function of the voltage (see 7.7.5);
tan 6 measurement as a function of the temperature (see 7.7 6);

heating cycle test plus partial discharge test; the magnitiude of the discharge at 1,73
shall be recorded (see 7.7.7);

impulse withstand test, followed by a power-frequency voltage test (see 7.7.8);
voltage test for 4 h (see 7.7.9).

2 Special provisions

Tegts ¢) and d) in 7.7.1 may be carried out on;a different sample from the sample used for

nor

7.7

Ths

The
1,7

mal sequence of tests listed.

3 Partial discharge test

partial discharge test shall be*carried out as described in-tEC-60885-2 I[EC 60885-3.

test voltage shall be raised gradually to and held at 2,00 U, and then slowly reduce
B Uy.The magnitudeyof-discharge at 1,73 U, shall be measured and recorded. This va

shafl not be higher than™s pC.

7.7
a)

4 Bending-test

The sample shall be bent around a test cylinder (for example the hub of a drum) at rq
temperature for at least one complete turn. It shall then be unwound, and the proc
repeated, except that the bending of the sample shall be in the reverse direction.

be

the

| to
lue

om
eSS

This cycle of operations shall be carried out three times.

b)

c)

The diameter of the cylinder shall be:
— for single-core cables: 20 (d + D) £ 5 %;
— for three-core cables: 15 (d + D) £ 5 %;

where

D is the actual external diameter of the cable sample, in millimetres;

d is the actual diameter of the conductor, in millimetres.

On completion of this test, the sample shall be subjected to a partial discharge

measurement and shall comply with the requirements given in 7.7.3 above.
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7.7.5 Tan 6 measurement as a function of the voltage
a) The power factor of the sample mechanically conditioned, as described in a) and b) of

b) The measurement value shall not exceed those given in Table 4.

Table 4 — Tan & versus voltage

7.7.4, shall be measured at ambient temperature with a power-frequency voltage of
0,5 Uo, UO and 2 Uo.

EPR, HEPR XLPE
Maximum tan § at Uy 200 x 1074 40 x 1074
Magimum increment of tan 3 between 0,5 U, and 2 U, 25 x 1074 20 x 1074

7.7

6 Tan 8 measurement as a function of the temperature

a) |The sample of completed cables shall be heated by one of the two following methodg; in
each method, the temperature of the conductor shall be determined-gither by measufing
the conductor resistance, or by a thermometer in the bath or oven ,ar,en the surface of|the
screen.

1) The sample shall be placed either in a tank of liquid or in‘an oven, or heating curfent
shall be passed through the metallic insulation screen.

2) The temperature shall be raised gradually, until the ¢onductor has reached the highest
rated temperature for the relevant insulating compgund given in IEC 60092-360.

b) [The power factor shall be measured with a power-frequency voltage of 2 kV at |the
temperature specified in 1) and 2) of a) above.

c) [The measured values shall comply with the reguirements given in Table 5.

Table 5 — Tan é(versus temperature
EPR, HEPR XLPE
Makimum tan & at ambient temperature 200 x 1074 40 x 1074
Makimum tan § at rated temperature (90.2€) 400 x 1074 80 x 1074

7.717 Heating cycle test plus partial discharge test

a) |The sample, which has been subjected to the—previcus tests 7.7.5 and 7.7.6, shall be Jaid
out on the floogr jof the test room, and heated by passing alternating current through|the
conductor, until the conductor reaches a steady temperature 10 °C above the maximum
rated temperature of the insulation in normal operation.

For multicore cables, the heating current shall be passed through all conductors.
This. heating current shall be applied for at least 2 h, followed by at least 4 h of natpral

cooling in air.

This cycle shall be repeated twice more.

b) After the third cycle, the sample shall be subjected to the partial discharge measurement

described in 7.7.3 and shall comply with the requirements of that subclause.

7.7.8 Impulse withstand test, followed by a power-frequency voltage test
a) This test shall be performed on the sample at a conductor temperature 5 °C above the

maximum rated operating temperature of the insulation.
The impulse voltage shall be applied according to the procedure given in IEC 60230.

b) The cable shall withstand without failure 10 positive and 10 negative voltage impulses, of

the appropriate value given in Table 6.
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Table 6 — Impulse withstand voltages

Rated voltage Yy kV 3,6 6,0 8,7 12 18
Test voltage kVp 60 75 95 125 170

c) After the test given in items a) and b), the cable sample shall be subjected, at room
temperature, to a power-frequency voltage test for 15 min (on each core).

The values of the test voltage shall be those specified in Table 2.

o breakdown of the insulation shall occur

7.7)9 High-voltage test for 4 h

D

Thqg test shall be carried out on a sample of completed cable at least 5 m in lepgth betwgen
the|test terminations.

A ppwer-frequency voltage of 4 U, shall be applied for 4 h at room temperature between epch
conductor and metallic screen(s).

Thqg test voltage shall be increased gradually to the specified value; and maintained for # h.
No preakdown of the insulation shall occur.

8 |Type tests (non-electrical)

8.1 General

Thg non-electrical type tests required by this do¢ument are the following.

8.2 Measurement of thickness of insulation

Sed sample test of 6.5.

8.3 Measurement of thickness of non-metallic sheaths (excluding inner coverings)

Sed sample test of 6.6.

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

8.4)1 Sampling

Sampling_ ‘and the preparation of the test pieces shall be carried out as described in
IEQ 60811-501.

8.4.2 Ageing freatments

Ageing treatments shall be carried out as described in IEC 60811-401 under the conditions
specified in IEC 60092-360.

Tensile tests before and after ageing with copper conductor are not applicable for cables with
a voltage rating above 0,6/1,0 (1,2) kV.

8.4.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out as described
in [IEC 60811-501.
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8.4.4 Requirements

The test results for unaged and aged pieces shall comply with the requirements given in
IEC 60092-360.

8.5 Tests for determining the mechanical properties of sheaths before and after
ageing

8.5.1 Sampling

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

8.5]2 Ageing treatments

Agging treatments shall be carried out as described in IEC 60811-401 underthe conditipns
speicified in IEC 60092-360.

8.53 Conditioning and mechanical tests

Conditioning and measurement of mechanical properties shall be~¢arried out as described in
IEQ 60811-501.

8.5/4 Requirements

Thqg test results for unaged and aged test pieces shall.comply with the requirements givep in
IEG 60092-360.

8.6| Additional ageing test on pieces of completed cables (compatibility test)
8.6]1 General

Thig test is intended to check that the,insulation and sheath are not liable to deteriorat¢ in
opgration due to contact with each other or with other components in the cable.

Thdg test is applicable to cables of all types.

8.6)2 Sampling

Sarples shall be taken from the completed cable as described in IEC 60811-401.

8.6J3 Ageing treatment

Agging treatment of the pieces of cable shall be carried out in an air oven, as described in
IEQ 60811-401 under the following conditions.

- Tclllpclatwc. (13 = 2) OC dIL)UVU tiIU ldtUd UpUldt;lly bUIIdUbtUI tﬁlllpcldtulc Uf t;IC bdlui Or,
if the operating temperature of the cable is not known, (10 + 2) °C above the highest rated
temperature for the insulating material (see Table 2 of IEC 60092-360:2014).

— Duration: 7 x 24 h.
8.6.4 Mechanical tests

Test pieces of insulation and sheath from the aged pieces of cables shall be prepared as
described in IEC 60811-501 and subjected to mechanical tests.
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8.6.5 Requirements
The variations between the median values of tensile strength and elongation at break before

and after ageing shall not exceed the corresponding values applying to the test for ageing in
an air oven specified in [IEC 60092-360 for the insulation and for the sheath.

8.7 Loss of mass test on PVC ST 2 sheath
8.7.1 Procedure

The sampling and test procedure shall be in accordance with IEC 60811-409.

8.7{2 Requirements

Thqg test results shall comply with the requirements given in IEC 60092-360 for SF2)sheaths.

8.8| Test for the behaviour of PVC ST 2 and halogen-free SHF 1 sheaths-at high
temperature (hot pressure test)

8.8]1 Procedure

Thg sampling and test procedure shall be in accordance with IEC'60811-508 employing [the
tes{ conditions given in the test method and in IEC 60092-360¢

8.8)2 Requirements

Thg test results shall comply with the requirements)given in IEC 60092-360 for ST 2 fand
SHF 1 sheaths.

8.9 Test for the behaviour of PVC sheath ST 2 and halogen-free SHF 1 and SHF 2
sheaths at low temperature

8.91 Procedure

Thg sampling and test procedure(shall be in accordance with IEC 60811-506 for cold impact
and IEC 60811-504 for cold bending or IEC 60811-505 for elongation at break when the cgble
is not subjected to bending_ test.

Thqg tests shall be carried out at a test temperature of (-15 £ 2) °C.

8.9J2 Requirements

Theg test results-shall comply with the requirements given in IEC 60092-360.

8.10 _Special test for low temperature behaviour (when required)

n 4 1 'l H PO 4 1 4 n 1 1 H (4 [ A C
Th& ICS1 Provcuurcs darfu TSYUITTIIITTINS TUT TUOW TICTITPTT atul© UTTiaviUul ar© UTTIicU 1T ATITTICA .

The tests shall be carried out at a test temperature of (-40 £ 2) °C for the cold bending and at
(-35 = 2) °C for the cold impact test.

8.11 Test of the metal coating of copper wires

The metal coating shall be considered satisfactory if, on visual inspection (see 6.4), the wire
surface appears smooth, uniform and bright, and the insulation is not adherent to the
conductor.
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8.12 Galvanizing test

When a galvanizing test is required for checking the resistance of steel wires against rusting,
the immersion test specified in 5.3 of ISO 7989-2:2007 shall be carried out on wire specimens
taken from the cable sample.

8.13 Test for resistance of PVC ST 2 and halogen-free SHF 1 sheaths to cracking (heat

shock test)

8.13.1 Procedure

The

Thd

8.1

Thd

8.1
8.1
The

Thd

8.1

Thd

8.1
8.1
8.1

The
em

8.1

The

8.1

sampling and test procedure shall be in accordance with IEC 60811-509.
test temperature and period of heating shall be in accordance with IEC 60092-360.

8.2 Requirements

test results shall comply with the requirements given in IEC 60811-509.

i Ozone resistance test for insulation and for sheaths
1.1 Procedure

sampling and test procedure shall be carried out in accefdance with IEC 60811-403.
ozone concentration and test period shall be in accordance with IEC 60092-360.

1.2 Requirements

test results shall comply with the requiregments given in IEC 60811-403.

b Hot oil immersion test and enhanced hot oil immersion test for sheaths
.1 Hot oil immersion test
5.1.1 Procedure

sampling and test procedure shall be carried out in accordance with IEC 60811-4
ploying the conditiens given in IEC 60092-360.

b.1.2 Requirements

test results shall comply with the requirements given in IEC 60092-360.

5.2 \ Enhanced hot oil immersion test (when required)

The

lest procedures and requirements shall be In accordance with TEC b6UUYZ-500.

8.16 Mud drilling fluid test (when required)

04,

Drilling fluid resistance test procedures and requirements shall be in accordance with
IEC 60092-360.

8.17 Fire tests

8.17.1 Flame-spread test on single cables

This test shall be carried out on samples of completed cables.

The test method and requirements shall be in accordance with IEC 60332-1-2.
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8.17.2 Flame-spread test on bunched cables

The cables shall be tested according to IEC 60332-3-22. However, the touching configuration
(in one or more layers) and the standard 300 mm wide ladder shall be used for all conductor
sizes.

8.17.3 Smoke emission test

This test shall be carried out on samples of completed cables claimed to have low smoke

emission.

Thqg test method and requirements shall be those specified in IEC 61034-1 and IEC 61034-.
8.17.4 Acid gas emission test

;I'hi 5 test shall be carried out on the non-metallic components of cables claimed’to be halogen
req.

Thqg test method shall be that specified in IEC 60754-1.

Thqg results of the test shall comply with the requirements of Table 7.

8.17.5 pH and conductivity test

;I'hi 5 test shall be carried out on the non-metallic compongénts of cables claimed to be halofgen
req.

Thqg test method shall be that specified in IEC 60754-2.

Thdg results of the test shall comply with therrequirements of Table 7.

8.17.6 Fluorine content test

Thig test shall be carried ouf on the non-metallic components of cables claimed to| be
halpgen-free.

The

The

test method shall be that specified in IEC 60684-2.

results of the test shall comply with the requirements of Table 7.
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Table 7 — Test methods and requirements for halogen-free components

Test method Unit Requirement

Halogen gas emission test
(IEC 60754-1)
Bromine and chlorine content % 0,5

(expressed as HCI), maximum

Fluorine content test

(IEC 60684-2)

8.1

Ths
IEG

Fluorine content, maximum % 0,1

pH and conductivity test
(IEC 60754-2)
pH, minimum 4,3

Conductivity, maximum puS/mm 10

.7 Fire-resistance test (test for circuit integrity cables)

test shall be carried out in accordance with IEC 60331-11 and IEC 60331-21
60331-1 or IEC 60331-2 as required in the relevant .¢able specification. The minim

tim¢ to failure shall be 90 min.

NOT|
isu

E: The quoted test methods are for cables up to and inclyding 0,6/1,0 kV. A test method for higher volt
der development.

8.18 Determination of hardness for HEPR

The
IEG

The

sampling and test procedure shallbe carried out in accordance with Annex A
60092-360:2014.

results of the test shall comply~with the requirements given in IEC 60092-360.

8.19 Determination of elasti¢ modulus for HEPR

Thdg
IEG

Thdg

8.2

sampling and test procedure shall be carried out in accordance with Annex B
60092-360:2014.

results of the test shall comply with the requirements given in IEC 60092-360.

D Durability of print

Ap

ortion” of the marking shall be rubbed lightly 10 times with a piece of cotton wool or ¢

or
um

hges

of

of

oth

soaked in water. The marking shall remain legible
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Annex A
(normative)

Fictitious calculation method for determination
of dimensions of protective coverings

A.1 Overview

inal cable diameters by means of "step tables".

Thi$ sometimes causes problems. The calculated nominal diameters are not necessarily
same as the actual values achieved in production. In borderline cases, queries canarise if
thickness of a covering does not correspond to the actual diameter because)the calculs
diameter is slightly different. Variations in shaped conductor diménsions betw

the
the
ted
ben

manufacturers and different methods of calculation are the cause of differences in nomjnal

diameters and may therefore lead to variations in the thickness of (goverings used on
same basic design of cable.

To pavoid these difficulties, the fictitious calculation method was-invented. The idea is to ign
the|shape and degree of compaction of conductors and to £aleulate fictitious diameters f

the

ore
om

formulae based on the cross-sectional area of conductors; insulation thickness and numbefr of

corgs. The thickness of the sheaths and other coverings are then related to the fictiti
diameters by formulae or by tables. The method of calculating fictitious diameters is precis
sp%ified and there is no ambiguity about the thicknesses of coverings to be used, which
ind¢pendent of slight differences in manufacturing practices. This standardizes cable desig
thidkness being pre-calculated and specified for.each size of cable.

Thg fictitious calculation is used only "o determine dimensions of sheaths and ca

pus
ely
are
ns,

ble

coverings. It is not a replacement for theicalculation of normal diameters required for pracfical

purposes, which should be calculated separately.

A.2 General

Thg following fictitious ¢nethod of calculating thicknesses of various coverings in a cable
begn adopted to ensure that any differences which can arise in independent calculations,
example due to the-assumption of conductor dimensions and the unavoidable differen
betyveen nominaland actually achieved diameter, are eliminated.

All thickness yvalues and diameters shall be rounded, according to the rules given in Anne
to the first.decimal figure.

has
for
ces

Holdiag efripe for examnle counter-halix _over armaour if naot thickagr than 0 3 mm
H k H k

are

J ~
neglected in this calculation method.

A.3 Method

A.3.1 Conductors

The fictitious diameter (d| ) of a conductor, irrespective of shape or compactness, is given
each nominal cross-section in Table A.1.

for
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Table A.1 — Fictitious diameter of conductor

A.3
Ths

b)

If &
acc

2

Nominal d, Nominal d,
cross-section cross-section
of conductors of conductors

mm?2 mm mm? mm

0,5 0,8 50 8,0

0,75 0,95 70 9,4

1 1,1 95 11,0

1.5 1.4 120 12 4

2,5 1,8 150 13,8

4 2,3 185 15,3

6 2,8 240 17,5

10 3,6 300 19,5

16 4,5 400 226

25 5,6 500 2572

35 6,7 630 28,3

Cores

fictitious diameter D of any core is given by

for cables having cores without semi-conducting,layers:

where

D

C

D,

G

 is the nominal thickness of insulation.

metallic screen orya «concentric conductor is applied, a further addition shall be m

=d| #25in mm

for cables having cores with semi-conducting layers:

=d_ +2¢+3,0inmm

prding to Table A=2'0r A.3.2 e) (braid screen).

Table A.2 — Increase of diameter for concentric
conductors and metallic screens made of tape or wire

hde

Nominal Nominal
cross-section of cross-section of
concentric inlr:i(;::‘:_t?gr concentric ir:r:;;::es_t(;r
conauctior conauctior
or metallic screen or metallic screen
mm? mm mm? mm
1,5 0,5 50 1,7
2,5 0,5 70 2,0
4 0,5 95 2,4
6 0,6 120 2,7
10 0,8 150 3,0
16 1,1 185 4,0
25 1,2 240 5,0
35 1,4 300 6,0
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If the cross-section of the concentric conductor or metallic screen lies between two of the
values given in Table A.2, then the increase in diameter is that given for the larger of the two
cross-sections.

If a metallic screen is applied, the cross-sectional area of the screen to be used in Table A.2
shall be calculated in the following manner:

c)

d)

e)

tape screen

A=ntxttxwt

where

4 is the cross-sectional area;

. is the number of tapes;

. is the nominal thickness of an individual tape, in mm;
t is the nominal width of an individual tape, in mm.

\Where the total thickness of the screen is less than 0,15 mm;) then the increasd
diameter shall be zero:

— for a lapped tape screen made of either two tapes or oneytape with overlap, the t
thickness is twice the thickness of one tape;

- for a longitudinally applied tape screen:
e if the overlap is below 30 %, the total thickness_is the thickness of the tape;

e if the overlap is greater than, or equal.fo) 30 %, the total thickness is twice
thickness of the tape.

wire screen (with a counter-helix, if any)

2
ny XMy X 1w

4

A= + I’lh X th X \/Vh
where

4 is the cross-sectional atea;

h,, IS the number of wires;

i
1, is the number-of a counter-helix;

w
is the diameter.of an individual wire, in mm;

w
I, is the thickness of a counter-helix, in mm, if greater than 0,3 mm;
n is theywidth of a counter-helix, in mm.
braid-screen
If.a_metallic braid screen is applied, the fictitious diameter over the screen is given by:

in

btal

the

Dy, +5 d, inmm

where
D
d

¢ Is the fictitious diameter of the core, in mm;

w is the nominal diameter of the braid wire, in mm.

A.3.3 Diameter over laid-up cores

The fictitious diameter over laid-up cores (Dy) is given by

a)

for cables having all conductors of the same nominal cross-sectional area:
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D¢ =k D, in mm
where the coefficient £ is given in Table A.3.

Table A.3 — Assembly coefficient & for laid-up

Number of cores Assembly Number of cores Assembly
coefficient coefficient
k k
2 2,00 25 6,00
3 Z,T6 A3 5,00
4 2,42 27 6,15
5 2,70 28 6,41
6 3,00 29 6,41
7 3,00 30 6,41
78 3,35 31 6,70
8 3,45 32 6,70
gxa 3,66 33 6,70
9 3,80 34 7,00
92 4,00 35 7,00
10 4,00 36 7,00
10@ 4,40 37 7,00
11 4,00 38 7,33
12 4,16 39 7,33
12 @ 5,00 40 7,33
13 4,41 41 7,67
14 4,41 42 7,67
15 4570 43 7,67
16 4,70 44 8,00
17 5,00 45 8,00
18 5,00 46 8,00
18 @ 7,00 47 8,00
19 5,00 48 8,15
20 5,33 52 8,41
21 5,33 61 9,00
22 5,67
23 5,67
24 6,00
@ Cores assembled in one layer.

b) for four-core cables with one insulated conductor with reduced cross-section:

_ 2,42 (SDC»] +D02)

Dy = in mm
4

where

D4 is the fictitious diameter of the insulated phase conductor, including metallic layer, if

any;
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D., is the fictitious diameter of the insulated conductor with reduced cross-section, if
required.

c) for control and instrumentation cables, the formulae are as follows:
1) diameter over laid-up cores:
use the method given in Table A.3
2) diameter over a pair (Dp) a triple (D;) or a quad (Dq):
dy = D¢ x 2, in mm, or

dy = D, *x 2,16, in mm, or

dq= D¢ * 2,42, in mm
where
D, is the diameter of a single core.
3) diameter over laid-up pairs (Dp), triples (D;) or quads (Dq):
Dy =dy % k % ¢, in mm, or

Dy =dy x k * ¢g in mm,or

Dq=dq><k><cf,|nmm

where

thoseoiieloat is as given in Table-A.3.

The-coefficient ¢ is as given in Table A.4.

TableA.4 — Coefficient ¢
Cable type Coefficient ¢,
Individually screened pairs 0,89
Collectively screened\pairs 0,82
Individually screened triples 0,94
Collectively. sereened triples 0,87
Individtally screened quads 1,0
Collectively screened quads 1,0
A.3l4 Inner coverings

The fictittous dtameter over the mner covering Dg Is dlivern DYy

DB = Df+ 2IB

where
tg is the fictitious value specified in the standard of the applicable cable;

For control and instrumentation cables, use D, D; or Dy as Dr value in the formula for Dg.

A.3.5 Sheath

The fictitious diameter over the sheath Dy is given by


https://iecnorm.com/api/?name=d1ce37e26b0ed619247f412d2e3e3921

IEC 60092-350:2020 RLV © IEC 2020 - 45—
Dg =D, + 2tg, in mm

where
D, is the fictitious diameter under the sheath;
t; is the thickness specified in the standard of the applicable cable.

A.3.6 Braid armour

For braid armour, the fictitious diameter over the armour D, is given by

D, = Dp + 5d,,, in mm

where

Dy [is the fictitious diameter under the armour, in mm;
d,, s the nominal diameter of the braid wire, in mm.
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Annex B
(informative)

Recommended minimum spark test voltage levels
(according to IEC 62230)

General

levels of test voltages given in Clause B.2 are from IEC 62230 and are those for

se

whe
are

B.2

B.2

The
def

NOT
B.2

The
spel

Tah
bet

bcts in the layer under test. The applicability of these levels should be confirmed by
manufacturer and will depend upon the type of material being tested.

cified in Table B.1.

ween 150 V and 1 800 V.

re no alternative voltages are specified in the product standard. Details of the test method

given in IEC 62230.

Test voltages

1 General

voltages given in Annex B are recommended as the minimum levels to be used to log

E Some countries have established higher test levels in their national standards.
2 Contact electrodes

high-voltage supply to the test electrode mayvbe AC, DC, HF or pulsed voltage,

le B.1 gives test voltages which are recommended for cables having a rated voltage

Table B.1 — Recommended minimum spark-test voltages for cables
having rated‘voltage (U,) between 150 V and 1 800 V

ate
the

as

Uo)

Tabulated radial thickness Test voltage
of layer under test
mm kV

From Up to AC DC HF Pulse

0 0,25 3 5 4 5
0,26 0,50 5 7 6 7
0,51 0,75 6 9 7 9
0,76 1,00 7 11 8 11
1,01 1,25 9 13 10 13
1,26 1,50 10 15 11a 15
1,51 1,75 12 17 132 17
1,76 2,00 13 20 14 a 20
2,01 2,25 14 22 15a
2,26 2,50 16 24 17 a
2,51 2,75 17 26 18 a
2,76 3,00 19 28 20 a

a

HF voltage testing for layer thicknesses greater than 1,0 mm should be limited to frequencies between

500 Hz and 4 kHz.
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Pulsed voltage testing is not recommended for layer thicknesses greater than 2,0 mm.

If the spark test replaces the traditional voltage test in water for single-core cables without
any outer metallic layer, the recommendations in Table B.1 only apply for thicknesses up to
2,0 mm and for AC or DC waveforms.

When testing laid-up core assemblies, i.e. cables without sheath, the test voltage level shall
be that for the lowest individual insulation thickness in the assembly.

NOTE Particular cable standards—may can, in exceptional circumstances (for example, for sheathing materials

knoy

reduction in the test voltage to ensure that excessive leakage current does not flow and give rise to spurious._fa

Inn

the alternative test conditions.

B.2

Ths
the

betyeen the electrode and the conductor or the metallic layer shall be 18 kV.

N 1to exnibit Tow Insulation resistance Characteristics, 1.e. K; 1esSs tnan TUU V32°Km), recommend or requ

e a
ults.

instance will the reduction be in excess of a factor of two and the fault detection system will be verified uhder

3 Non-contact electrodes

high-voltage supply to the test electrode shall be DC only. The conductor of the cor¢ or

metallic layer under the sheath shall be continuously earthed and the-potential differe

nce
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Annex C
(normative)

Rounding of numbers

C.1  Rounding of numbers for the purpose of the fictitious calculation method
C1.1 Rules

Thg following rules apply when rounding numbers in calculating fictitious diameters, pnd
determining dimensions of component layers in accordance with Annex A.

When the calculated value at any stage has more than one decimal place, the value shal| be
roupded to one decimal place, i.e. to the nearest 0,1 mm. The fictitious djameter at epch
stage shall be rounded to 0,1 mm and, when used to determine the thickness of dimensioh of
an pverlying layer, it shall be rounded before being used in the appropriate-formula or taple.
Thqg thickness calculated from the rounded value of the fictitious diameter should in turn be
rouhded to 0,1 mm as required in Annex A.

C.12 lllustrations

To |llustrate these rules, the following practical examples aredgiven.

a)

b)

C.2

For
rou

When the figure in the second decimal place before*rounding is 0, 1, 2, 3 or 4, then
figure retained in the first decimal place remainsdinchanged (rounding down).

EXAMPLES 2,12 = 2,1
2,449 = 2,4
25,0478 = 25,0

When the figure in the second decimal place before rounding is 9, 8, 7, 6 or 5, then
figure in the first decimal place is.increased by one (rounding up).

EXAMPLES 2,17 2,2
2,453 2,5
30,050 30;4

R

H

11

Rounding of numbers for other purposes

purposes other)than those considered under C.1.1, it may be required that values|

val

nded to morerthan one decimal place. This may occur, for instance, in calculating
e of several measurement results or the minimum value by applying a percent

tolgrance to_a given nominal value. In these cases, rounding shall be carried out to
number,of\decimal places specified in the applicable clauses.

the

the

be
the
hge
the

4l e L 1 e } ol e ll :
The Metnou U TOUTIUTTY STiall et DC e TUTTUWITTY.

if the last figure to be retained is followed, before rounding, by 0, 1, 2, 3 or 4, it s
remain unchanged (rounding down);

hall

if the last figure to be retained is followed, before rounding, by 9, 8, 7, 6 or 5, it shall be

increased by one (rounding up).

EXAMPLES 2,449 = 245 rounded to two decimal places
2,449 = 24 rounded to one decimal place
25,0478 =~ 25,048 rounded to three decimal places
25,0478 = 25,05 rounded to two decimal places
25,0478 = 250 rounded to one decimal place


https://iecnorm.com/api/?name=d1ce37e26b0ed619247f412d2e3e3921

IEC 60092-350:2020 RLV © IEC 2020

D.1

— 49—

Annex D
(normative)

Calculation of the lower and upper limits for the outer
dimensions of cables with circular copper conductors

General

dia
co

D.2
a)
b)

c)

d)

e)

D.3

a)

eter of cables with circular copper conductors. Annex D is additional to and applicabl
bination with Annex A.

Lower limit for the outer diameter

Obtain the lower limit of the conductor diameter from Table D.1.

Calculate the nominal diameter over the core by adding to the appropriate value of
conductor diameter, obtained as in Clause D.2 a), twice the specified mean value of
thickness of the insulation and of any other mandatory coverings.of the individual core.

Calculate the nominal diameter over the core assembly by- mdltiplying the value obtai
in Clause D.2 b) by the appropriate value of the assembly coefficient, k, giver
Table A.3.

Calculate the nominal outer diameter D, of the Afinished cable by adding to the v3
obtained in Clause D.2 c) twice the specified mean,value of the thickness of the sheath
sheaths) and of the other mandatory covering,” if any, over the core assembly (
Clause D.4).

The lower limit D, of the outer diameter is obtained by multiplying D, by 0,97
rounding off the value obtained:

to the nearest lower decimal, if 0,97 D, < 5 mm;

to the nearest lower even decimal, if 5 mm < 0,97 D, <
if 0,97 D, > 10 mm.

10 mm;

to the nearest lower half-unit,

EXAMPLE
If 0,97 D, =4,33 min = 4.3
0,97 D, = 7,33 min = 7.2

0,97 D, = 14,38
0,97 Dy= 1,83

Upper limit for the outer diameter

Opbtain the upper limit of the conductor diameter from Table D.1.

the
the

hed
in

lue
(or
see

and

b)

alcwate—the—nominal-diameterover-the-core h\l crirhnn to-the—appropriate—\value r\'F
halid i

the

conductor diameter obtained as in Clause D.3 a) twice the specified mean value of
thickness of the insulation and of all (both mandatory and optional) coverings over
conductor, specified for the cable in question.

the
the

c) Calculate the nominal diameter over the core assembly by multiplying the value obtained

in Clause D.3 b) by the appropriate assembly coefficient, k, given in Table A.3.

d) Calculate the nominal outer diameter D, of the finished cable by adding to the value

obtained in Clause D.3 c) twice the specified mean value of the thickness of the sheath
sheaths) and of all (both mandatory and optional) other coverings over the core assem
specified for the cable or cord in question (see Clause D.4).

(or
bly,

e) The upper limit D ,, of the outer diameter is calculated to two decimal places as follows:

Dppax = 1,05D4 6 + X

max
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where

X =0,3 mm for single-core cables if D; <5 mm,;

X =0,4 mm for single-core cables if D; > 5 mm, and for multi-core cables if D; < 5 mm;
X =0,5 mm for multi-core cables if Dy > 5 mm.

D, ax is rounded off in a similar way as D, (see Clause D.2 e)) but to the next highest
value instead of to the nearest lower value.

EXAMPLE

If  1,05D, + X =484 Dpae= 4.9
OSSO +Xx =923 Drox — 9.7
1,06 D, + X = 12,11 D, = 125
1,05 D, + X = 12,62 D, = 130

D.4 Thickness of the mandatory or optional coverings other than-the
insulation and the sheath(s)

Separator between conductor and insulation..............c.ooi AT 0,08 mm
Propfed textile tape, textile braid round each core ..........cooviviiii Wi, 0,15 mm
Separator between two layers of a sheath................oo 0,15 mm
Oufer textile braid ... e 0,30 mm

Mefal braid..........coii 2,5 x diameter of the component wire in mm
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Table D.1 — Lower and upper limits of circular copper conductors
for cables for fixed installations

Nominal Class 2 Class 5
cross-sectional
area
Diameter of conductor Diameter of conductor
Lower limit Upper limit Lower limit Upper limit
mm? mm mm mm mm
0,5 0,85 0,95 0,85 0,95
0,75 1.1 1,25 1,0 1,10
1 1,15 1,35 1,15 1,35
1,5 1,45 1,65 1,45 1,66
2,5 1,86 2,10 1,86 2,10
4 2,35 2,63 2,35 2,63
6 2,89 3,22 2,95 3,25
10 3,75 4,18 4,00 4,50
16 4,72 5,26 5,00 5,60
25 5,95 6,62 6,20 6,90
35 7,00 7,80 7,60 8,5
50 8,15 9,08 9,20 10,2
70 9,79 10,9 10,6 12,1
95 11,5 12,9 12,5 14,0
120 13,0 14,4 13,9 15,5
150 14,4 15,9 15,5 17,3
185 16,1 17:9 17,2 19,2
240 18,5 20,3 19,8 22,0
300 20,7 22,7 22,0 24,5
400 23,8 26,1 27,8 31,0
500 26,7 29,2 31,4 35,0
630 31,0 34,0 35,0 39,0
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Annex E
(normative)

Cold bend test and impact test for low temperature behaviour

Cold bend test at any specified low temperature

1 Method no. 1

E.A

Ths
and

mandrel onto which the specimen is to be wound.

E.A

Ead

specimen and the appropriate mandrel (see Table E.1) shall be placed in the conditior
chamber and allowed to remain for a period of 4 h. The specimen,)while still in the cham
shall be bent around the mandrel at such a rate that the time/taken to complete the speci
number of turns is between 15 s and 30 s. If the tension on the specimen is not specifie
shdll be just sufficient to cause the specimen to conform™“to the periphery of the mang
Unless rotation of the mandrel is performed remotely, (the specimen and mandrel shall
handled using thermally insulated gloves. If it is necéssary (due to handling difficulties

remni

1.1 Apparatus

apparatus shall include a chamber capable of maintaining the required test temperat
large enough that the bending operation may be carried out in it on the“nécess

1.2 Procedure

h cable to be tested shall be represented by two samples of suitdble length. The stra

ove a specimen from the chamber, then bending~must shall start as quickly as poss

and

be completed within 30 s from the time of refmoval.

Table E.1 — Details of low temperature bending test

IEC 60092-350:2020 RLV © IEC 2020

ure
ary

ght
ing

ber,
fied
i, it

rel.
be
to
ble

Cable type Overall sample diameter Mandrel diameter as a Number of turns
multiple of d
d
mm
0<d<20 3 6
Single conductor 20<d=<40 8 0,5 (180° bend)
40 <d 12 0,5 (180° bend)
Multiple twisted conddctof - 8 0,5 (180°bend)

E.1}2 Method no. 2
E.112A Apparatus
See E.1.1.1.

E.1.2.2 Procedure

Each cable to be tested shall be represented by two samples of suitable length. The straight
specimen and a mandrel 10 times the overall diameter of the finished cable shall be placed in
the conditioning chamber and allowed to remain for the specified period. The specimen, while
still in the chamber, shall be wrapped one turn around the mandrel, straightened, wrapped
one turn around the mandrel in the opposite direction, straightened, wrapped one turn around
the mandrel in the reverse direction, and straightened. The wrapping around the mandrel shall
be done slowly and at a uniform rate of speed, the applied tension being just sufficient to
cause the specimen to conform to the periphery of the mandrel.
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E.1.3 Examination and requirements

Neither the insulation nor the outer sheath of both test pieces, where applicable, shall crack
or rupture.

Following the bending operation, the specimen shall be cut and opened where necessary to
study underlying components. There shall be no cracks or breaks in the underlying
components.

Cracking or flaking of lacquers, paints, asphaltic compounds, and the like shall be ignored

unless-theyare-specificalty requiredtobeexamired————————————————————————

E.24 Impact test at any specified low temperature

E.2|1 Apparatus

Thg apparatus shall include a device for impacting the wire or cable spegcimens; a refrigerator
caplable of maintaining the specified temperature; and sample supports”of short lengthg of
wo@d approximately 50 mm x 100 mm in dimension.

a) |The impact apparatus shall consist of two vertically mounted uprights provided ith
grooves that serve as a track for the impact component. The impact component shall hpve
a mass of 1,36 kg and be provided with a steel head fot/striking the test specimen. The
head shall be 28,5 mm in diameter and have a flat striking surface 25 mm in diameter With
slightly rounded edges. The impact component shall be provided with a locking
mechanism that permits it to be released from the specified height.

b) [The refrigerator shall be equipped with a rigid*post having a solid base. The top of|the
post shall be provided with means for securely holding the 50 mm x 100 mm wood sanjple
support on which the test specimen is impacted.

Clepr spruce has been found to be ah effective material to support the sample and is
acceptable in testing to date. In case§)of dispute, clear spruce shall be used as the wooflen
suplport material.

E.2[2 Procedures

Ten straight 0,13 m specimens of the wire or cable to be tested shall be placed in [the
refrijgerator chamber, which has been cooled to the specified temperature. The chamber shall
thep be maintained at this temperature for a period of 4 h. Immediately following |the
temperature conditioning, each of the specimens, in turn, shall be placed in the directiop of
the|grain on the-wooden piece fastened to the top of the post within the refrigerator chamber,
the|major cross=sectional axis of a flat cable being parallel with the surface supporting it. The
speicimen shall be subjected to the impact of the hammer head falling freely from a height of
919 mm~measured between the hammer face and the top of the specimen. Care shalll be
taan to.ensure that the specimen is hit squarely.

If necessary, a sample may be removed from the chamber, provided it is impacted within 15 s
at room temperature. In cases of dispute, the impact shall be carried out inside the chamber.

E.2.3 Requirements

Neither the insulation nor the outer sheath, where applicable, on at least 8 out of
10 specimens shall crack or rupture when a finished cable is subjected to an impact test.
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2)

3)

4)

5)

6)

7)

8)

9)

Intgrnational Standard IEC 60092-350 has been prepared by subcommittee 18A: Eleq

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 350: General construction and test methods of power, control
and instrumentation cables for shipboard and offshore applications

international co-operation on all questions concerning standardization in the electrical and electronic fieldg

ublication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee intere

ihterested IEC National Committees.

ihdispensable fotthe correct application of this publication.

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

Il national electrotechnical committees (IEC National Committees). The object of IEC(js-to prof

is end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter\referred to as

the subject dealt with may participate in this preparatory work. Internatiopaly “governmental and
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clg
ith the International Organization for Standardization (ISO) in accordance with conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters expressy as nearly as possible, an internati
onsensus of opinion on the relevant subjects since each technical .Committee has representation fron

C Publications have the form of recommendations for interpational use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible\ for the way in which they are used or for
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in_their national and regional publications. Any diverg
etween any IEC Publication and the corresponding_.national or regional publication shall be clearly indicatg
e latter.
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C itself does not provide any attestation.of ‘conformity. Independent certification bodies provide confoiqmity

ssessment services and, in some areasj)@access to |[EC marks of conformity. IEC is not responsible for|
ervices carried out by independent certification bodies.

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

o liability shall attach to IEC.of.its directors, employees, servants or agents including individual experts
embers of its technical comimittees and IEC National Committees for any personal injury, property damag
ther damage of any nature “whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out ofi\thé publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn(tojthe Normative references cited in this publication. Use of the referenced publicatiof

ttention is drawn to the possibility that some of the elements of this IEC Publication may be the subje
atent rights) IEC shall not be held responsible for identifying any or all such patent rights.
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This fifth edition cancels and replaces the fourth edition published in 2014 and constitutes a
technical revision.

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

a) more detailed description of the test procedures in 7.7.6 and 7.7.7;

b) description of the relationship between Annex A and Annex D.
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The text of this International Standard is based on the following documents:

CDV Report on voting
18A/420/FDIS 18A/423/RVC

Full information on the voting for the approval of this document 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.

Thgq list of all the parts of the IEC 60092 series, under the general title Electrical installations
in ghips, can be found on the IEC website.

Thg 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 theldata related to
the|specific document. At this date, the document will be

e [reconfirmed,
e |withdrawn,
e Jreplaced by a revised edition, or

e [amended.

A bjlingual version of this publication may be issued at’a later date.
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1

Thi

use| in the manufacture of electric power, control and instrumentation cables with-—cop
conductors intended for fixed electrical systems at voltages up to and including 18/30(36

on

Thg reference to fixed systems includes those that are subjected to vibration (due to

mo

and not to those that are intended for frequent flexing. Cables (suitable for frequent

con

Thdg following types of cables are not included:

2

Thqg following documents are'referred to in the text in such a way that some or all of t

con

citeld applies. For undated.references, the latest edition of the referenced document (inclug
anyl amendments) applies.

ELECTRICAL INSTALLATIONS IN SHIPS -

Part 350: General construction and test methods of power, control
and instrumentation cables for shipboard and offshore applications

Scope

5 part of IEC 60092 provides the general constructional requirements and test methods

poard ships and offshore (mobile and fixed) units.

ement of the ship or installation) or movement (due to motion of theJship or installat

optical fibre;

sub-sea and umbilical cables;
data and communication cables;
coaxial cables.

Normative references

itent constitutes requirements of this document. For dated references, only the edi

for
per
kV

the
on)
or

ftinual flexing use are detailed in other IEC standards, for exafmple IEC 60227 (all pdrts)
and IEC 60245 (all parts), and their uses are restricted to those situations which do
dirgctly involve exposure to a marine environment, for example, portable tools and dome
appliances.

not
stic

heir
ion
ing

IEQ 60050-461, “\International Electrotechnical Vocabulary — Part 461: Electric cables

(av

IEQ 60092-360:2014, Electrical installations in ships — Part 360: Insulating and sheath

ma
tel

hilable at www.electropedia.org)

erials’ for shipboard and offshore units, power, control, instrumentation

ing
and

communication cables

IEC 60228, Conductors of insulated cables

IEC 60230, Impulse tests on cables and their accessories

IEC 60331-1, Tests for electric cables under fire conditions — Circuit integrity — Part 1: Test
method for fire with shock at a temperature of at least 830 °C for cables of rated voltage up to
and including 0,6/1,0 kV and with an overall diameter exceeding 20 mm

IEC 60331-2, Tests for electric cables under fire conditions — Circuit integrity — Part 2: Test
method for fire with shock at a temperature of at least 830 °C for cables of rated voltage up to
and including 0,6/1,0 kV and with an overall diameter not exceeding 20 mm
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IEC 60331-11, Tests for electric cables under fire conditions — Circuit integrity — Part 11:
Apparatus — Fire alone at a flame temperature of at least 750 °C

IEC 60331-21, Tests for electric cables under fire conditions — Circuit integrity — Part 21:
Procedures and requirements — Cables of rated voltage up to and including 0,6/1,0 kV

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

IEQ 60332-3-22, Tests on electric and optical fibre cables under fire conditions — Part \3122:
Tedt for vertical flame spread of vertically-mounted bunched wires or cables — Category A

IEQ 60684-2, Flexible insulating sleeving — Part 2: Methods of test

IEQ 60754-1, Test on gases evolved during combustion of materials from cables — Parf 1:
Defermination of the halogen acid gas content

IEQ 60754-2, Test on gases evolved during combustion of materials from cables — Parf 2:
Defermination of acidity (by pH measurement) and conductivity

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

IEQ 60811-202, Electric and optical fibre cables —.Test methods for non-metallic materials —
Parf 202: General tests — Measurement of thickness of non-metallic sheath

IEQ 60811-203, Electric and optical fibre cables — Test methods for non-metallic materials —
Parf 203: General tests — Measurement ofoverall dimensions

IEG 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

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

IEC 60811-404, Electric and optical fibre cables — Test methods for non-metallic materials —
Parf 404: Miscellaheous tests — Mineral oil immersion tests for sheaths

IEG 60811-4Q9, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 409:_Miscellaneous tests — Loss of mass test for thermoplastic insulations and sheath$

IEQ 60811-501, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 507 Mechanical tests — Tests for defermining the mechanical properties of insulating and
sheathing compounds

IEC 60811-504, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 505: Mechanical tests — Bending tests at low temperature for insulations and sheaths

IEC 60811-505, 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 505: Mechanical tests — Impact test at low temperature for insulations and sheaths
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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

sho

Ck test)

IEG
dis

IEG
Pan

IEG
Parn

ISA
Parn

For
foll

ISQ
add

3.1
apH

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

61034-1, Measurement of smoke density of cables burning under definedrcendition
{ 1: Test apparatus

61034-2, Measurement of smoke density of cables burning undercdefined condition
{ 2: Test procedure and requirements

7989-2:2007, Steel wire and wire products — Non-ferrous metallic coatings on steel wi
{ 2: Zinc or zinc-alloy coating

Terms and definitions

the purposes of this document, the terms and{definitions given in IEC 60050-461 and
bwing apply.

and IEC maintain terminological databases for use in standardization at the follow
resses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform*available at http://www.iso.org/obp

roximate value

vallie which is neither guaranteed nor checked

Notg

3.2

1 to entry: Itis uséd, for example, for the calculation of other dimensional values.

brajd

cov

ering-formed from braided metallic or non-metallic material

[tial

e —

the

ng

[SCO

3.3
bra

: . 101
URCEIEC-60060-464-2008464-05-10}

id armour

covering formed from braided metal wires used to protect a cable from external mechanical
effects

Note 1 to entry: Where the rules of the applicable national, regulatory or approval body permit the practice, it is

also

Note 2 to entry:

scre

possible to use the braid armour as an earth conductor.

en, provided it is effectively earthed.

Copper-wire braid armour may also provide a limited function of an electrostatic collective
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compatibility test
test intended to check that the insulation and sheath are not liable to deteriorate in operation
due to contact either with each other or with other components in the cable

3.5

conductor

<of

a cable> part of a cable which has the specific function of carrying current

[SOURCE: IEC 60050-461:2008, 461-01-01]

3.6

corjductor screen
non-metallic conducting layer applied between the conductor and insulation to-edqualise

ele

Notg 1 to entry: It may also provide smooth surfaces at the boundaries of the insulation and assist in|
elim|nation of spaces at these boundaries

3.7

core-insulated conductor, US
assembly comprising a conductor and its own insulation (and screens, if any)

Notg 1 to entry: In North American usage, the core of a cable has been defined as the assembly of componen|
a caple lying under a common covering such as the sheath (jacket).

3.8

drajn wire

un-

speific function of earthing an electrostatic screen by ensuring a low resistive ¢
thrqughout the length of the cable

3.9
ele
ele

earthed metallic layer surrounding a cable which confines the electric field generated by

cable within the cable cores, \pair(s), triples(s) or quad(s), and/or protects the core(s), paif(s),

trip

Notg 1 to entry: Metallic_sheaths, foils, braids, armours and earthed concentric conductors may also serve a
elecfrostatic screen, provided they are effectively grounded or earthed.

3.1

fictjtious value

val

3.1

trical stress between these components

nsulated wire laid in contact with an electrical'screen or an electrical shield which has

ctrostatic screen
ctrostatic shield, US

e(s) or quad(s) from external influence

D

the

the

s of

the
ath

the

\[e calculated according to the "fictitious method" described in Annex A

filler

ma

terial used to fill the interstices between the cores of a multi-conductor cable

[SOURCE: IEC 60050-461:2008, 461-04-05]

3.1

2

fire resistance

circuit integrity
ability of an electric cable to continue to operate in a designated manner whilst subjected to a
specified flame source for a specified period of time under specified conditions
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3.13

flexible cable

cable which is required to be capable of being flexed while in service and of which the
structure and materials are such as to fulfil this requirement

[SOURCE: IEC 60050-461:2008, 461-06-14]

3.14

individually screened cable

radial field cable

cabfemwhitchreacircore 15 covered withram mdividuat screen

[SQURCE: IEC 60050-461:2008, 461-06-12]

3.1%

innpr covering
nor£metal|ic covering which surrounds the core or the assembly of the.cores or the cabjing

elements (and fillers, if any) of a multi-conductor cable and over which further layers |are
applied and which has no mechanical or electrical functions

Notg 1 to entry: The inner covering can be either extruded or taped, and in either case forms a continuous Igyer,
whigh has only an approximate value of thickness and no defined mechanical requirements.

Notg 2 to entry: Taped inner coverings are also sometimes called "lapped beddings".

3.16
inner sheath

inner jacket, US

nonl-metallic sheath generally applied under a metallic sheath, reinforcement or armour

Notg 1 to entry: The inner sheath shall have the follewing properties:
— Jit shall be extruded;

— it may be used to fill the interstices;

- t shall be of a material listed in IEC*60092-360;

— |t shall have a defined nominal.thickness (value).

[SQURCE: IEC 60050-461:2008, 461-05-13, modified — The note to entry has been added.

3.17
insplated cable

assembly consisting of
— lone or«more cores;

— [their.individual covering(s) (if any);

- ssembly protection (if any):

protective covering(s) (if any).

Note 1 to entry: Additional un-insulated conductor(s) may be included in the cable.

Note 2 to entry: The assembly protection may consist of fillers, binders or inner coverings.

Note 3 to entry: The protective covering(s) consists of one or more "constituent elements" such as a metallic

braid, wire or a metallic screen, thermosetting or thermoplastic sheaths, (impregnated) fibrous braid or woven tape,
bedding for metal armour or paint for metal armour.

[SOURCE: IEC 60050-461:2008, 461-06-01, modified — Notes 2 and 3 to entry have been
added.]
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3.18

insulation screen

core screen

electrical screen of non-metallic semi-conducting layer in combination with a metallic layer

3.19

length of lay

axial length of one complete turn of the helix formed by one cable component in a twisted
construction

decreasing) succession, if the number of available values is odd, and the-mean of the fwo
middle values if the number is even

3.2

mul|ti-unit cable
cable consisting of more than one pair, triple or quad unif either unscreened or with| an
individual electrostatic screen around each unit or having{an electrostatic screen appjied
aropind the assembly of units (a collective screen) in a twisted construction

Notg 1 to entry: Usually, in this document, nominal values refer to values which are to be checked by
meapurements, taking into account specified tolerances.

ovdrsheath

outer sheath

protective overall jacket, US
protective jacket

non metallic sheath applied over a covering, generally metallic, ensuring the protection of|the
cablle from the outside

Notg 1 to entry: The,outer sheath shall have the following properties:
- t shall be ektruded;

— |t may be.used to fill the interstices;

— fit shall be of a material listed in IEC 60092-360;

— |Jt'shall have a defined nominal thickness (value).

Note 2 to entry: In North-America, the term sheath is generally used for metallic coverings, whereas the term
jacket is used only for non-metallic coverings.

[SOURCE: IEC 60050-461:2008, 461-05-04, modified — Note 2 to entry has been replaced by
a new note.]

3.24
pair unit
two cores laid up with or without interstitial fillers or binder tape(s)

3.25
quad unit
four cores laid up with or without interstitial fillers or binder tape(s)
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3.26

separator

thin layer used as a barrier to prevent mutually detrimental effects between different
components of a cable, such as between the conductor and insulation or between insulation
and sheath

[SOURCE: IEC 60050-461:2008, 461-05-01]

3.27

single unit cable
cabfeconsistimg of eitherone pair, tripte or quadumnit, either unscreened or wittram mdiviqual
ele¢trostatic screen

3.2£

stranded conductor
conductor consisting of a number of individual wires all or some of which_generally havie a
helical form

Notg 1 to entry: The cross section of a stranded conductor may be circular or otherwise’shaped.

Notg 2 to entry: The term "strand" is also used to designate a single wire.

[SQURCE: IEC 60050-461:2008, 461-01-07, modified — The\words "or strands" have bg
del¢ted from the definition.]

3.2
SZ cabling
h

method of cabling in which the direction of lay “of the cable components is periodigally
reversed

D
()
>

[SQURCE: IEC 60050-461:2008, 461-04-07]

le unit
e cores laid up with or without interstitial fillers or binder(s)

made by the'manufacturer on each manufactured length of cable to check that epch

teS Frace—1oYy Tre—ratttractore Oo—SamPresS—0 compretrea—Carte—o0 COMP OIS are O
completed cable, at a specified frequency, so as to verify that the finished product meets the
specified requirements

3.31.3

type test

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

Note 1 to entry: These tests are of such a nature that, after they have been made, they need not be repeated
unless changes are made in the cable materials or design or manufacturing process which might change the
performance characteristics.
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Constructional requirements

General requirements

1 General

The construction of the cable is given in the applicable product standard.

4.1.

Al

4.1
4.1

Cal
trad

d)
The

Sp4

stamdard:

2 Voltage designation

ent

is the rated power-frequency voltage between phase conductor and earth or metallic

screen, for which the cable is designed,;

is the rated power-frequency voltage between phase conductors for which the cabl
designed;

is the maximum value of the "highest system voltage'/for which the equipment may
used.

oltages are given as RMS values.

3 Cable marking
3.1 Indication of origin

les shall be provided with a continuous indication of origin (manufacturer’'s name an
e mark) by one or more of the following methods:

printing, indenting or embossing on the outer sheath;
a printed tape within the cable;
the inclusion of identification threads within the cable;

printing on the insutation of at least one core.

marking shall be legible.

cing and dimensions of the indication of origin shall be as given in the applicable prog

D

B is

be

i/or

uct

Cor

applicable, shall be in accordance with the test given in 8.20.

ere

NOTE National or regulatory authorities or approval bodies might request the method of marking according to
their applicable rules.

41.

3.2 Rated voltage and cable construction

When specified in the applicable product standard, the rated voltage (U,/U) and the
construction (number of cores and cross-sectional area of the conductors) shall be printed,
indented or embossed on the outer sheath.

The marking shall be legible.

Spacing and dimensions shall be as given in the applicable product standard.
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Conformity shall be checked by visual examination, and the durability of the print where
applicable shall be in accordance with the test as given in 8.20.

4.1.

3.3 Optional cable designation/external markings

When agreed between the manufacturer and purchaser, cables may, in addition, be marked
with a code designation that signifies the type of insulation/screening/armouring and

she

athing materials used in their construction.

The marking shall be by embossing, indenting or printing on the outer sheath.

ere

by

uct

ere

Thg marking shall be legible.

Sp4dcing and dimensions shall be as given in the applicable product standard.

Confformity shall be checked by visual examination, and the durability of\the print wh
applicable shall be in accordance with the test as given in 8.20.

4.1)4 Core identification

All gores shall be clearly identified.

Thg cores of multi-core cables or cores within pair, triple er'quad unit(s) shall be identifieg
colgur or numbering as given in the applicable product,standard.

Thg colour or numbering shall be clearly identifiabfe’and durable.

Spdcing and dimensions of any numbering shall be as given in the applicable prog
stapdard.

Conformity shall be checked by visual examination, and the durability of the print wh
applicable shall be in accordance with the test as given in 8.20.

4.1)5 Halogen-free cables

For| halogen-free cables, the non-metallic components shall meet the requirements given in
Table 7.

4.2 Conductors

4.211 Material

The

conductors shall consist of plain or metal-coated annealed copper.

4.2,

2 Metal coating and separator

The component copper wires shall be metal-coated when used for conductors having a cross-
linked insulation, unless a separator between the conductor and the insulation is provided, or
suitable compatibility type tests are carried out to demonstrate that no harmful effects occur
with uncoated copper wires. The metal coating shall be considered as satisfactory if, on visual
inspection, the wire surface appears smooth, uniform and bright, and the insulation does not
adhere to the conductor.

If a compatibility test is required, it shall be carried out using the method and requirements

spe

cified in 8.6.
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4.2.3 Class and form

The conductors considered in this document are intended only for fixed installations and shall
comply with class 2 or class 5 of IEC 60228. The minimum nominal conductor size depends
on the voltage rating of the cable and shall be in accordance with Table 1.

Stranded copper class 2 conductors are recommended for general fixed-installation systems.

To aid installation, a conductor of class 5 may be used. Cables using class 5 conductors
should not be regarded as suitable for repeated flexing in service.

Strelmded circular non-compacted or compacted conductors are permitted for all crgss-
seclions. Sector-shaped conductors are permitted for cross-sections of 10 mmZ2 and aboeve.

Table 1 — Minimum size of conductors

U Nominal cross-sectional
area (minimum)

mm?

250 V 0,5
1000V 1,0
3 kV 10
6 kV 10
10 kV 16
15 kV 25
20 kV 35
30 kV 50

Thd nominal size of the conductors shall be limited to 630 mm?2 in accordance with the values
specified in IEC 60228.

All tonductors shall have a-regular shape and shall be free from sharp projections and otfher
defects liable to damage the’insulation.

4.214 Resistance

Unless specified\in the applicable standard, the DC resistance of the conductors shall |not
exceed the applicable maximum value given in IEC 60228.

Thg DQ resistance of conductors used in multi-unit (pairs, triples or quads) cables shall|not
exceéd the maximum value given in the applicable product standard.

The DC resistance of drain wires shall not exceed the maximum value given in the applicable
product standard.

Braids, including an optional earth lead underneath and in continuous contact with the braid,
and armours, when used as earthing conductors, should have a value of conductance at least
equal to that of the value for phase conductors for cross-sections up to and including 16 mm?2
and 50 % of the value for phase conductors with cross-sections greater than 16 mmZ.

The use of braids or armours as earthing conductors may not be permitted in some countries
or by some approval authorities.
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Insulation system
1 Material

The insulation system shall consist of at least one of the following:

a)

one of the insulation compounds listed in IEC 60092-360;

b) a combination of two or more layer(s) of the insulation compounds listed in IEC 60092-360

that complies with the full requirements of one type;

c) a combination of one or more layers of inorganic tape(s), and one or more layer(s) of the

;Ilbu:dt;ull L;UIIIIJUUIIdB :lctcd ;II :EC GCCGZ'SGC thdt L;UIIIIJ:;UD VV;t:-I thc fu” IUquIIUIIIUIIt Of

one type.
4.3)2 Application
Thqg insulation shall be extruded in one or more closely adherent layers. The insulation sysfem
shdll form a compact and homogeneous body and shall be so applied thatcit fits closely gnto
the|conductor or tape(s), if any.
It shall be possible to remove the insulation without damaging the- conductor or the megtal
coating, if any.
Compliance shall be checked by visual inspection.
4.3)3 Insulation thickness
Thq thickness of insulation is specified for eachUsize and type of cable in the applicdble
profuct standard.
For[single core or multi-core cables, the thickness at any point may be less than the specified
vallie, provided the difference does not exceed 0,1 mm + 10 % of the specified value.
For|single-unit or multi-unit cables, the thickness at any point may be less than the specified
vallie, provided the difference does’not exceed 0,1 mm + 20 % of the specified value.
Thqg thickness of any separator, screen or inorganic tape(s) applied over the conductor or qver
thelinsulation shall not be included in the thickness of insulation.
4.4] Screens
4.4)1 Conductor and insulation screens for high-voltage cables
4411 Conductor screen
Thg conductor screen shall consist of an extruded semi-conducting compound which may| be

lied-overa sami-conductina tana
HS-G—O0V-B—a—-S58HH Redetg—+a T

ap

e

The extruded semi-conducting compound shall be firmly bonded to the insulation.

4.4.

1.2 Insulation screen

The insulation screen shall consist of a non-metallic semi-conducting layer in combination
with a metallic layer. The non-metallic layer shall be extruded directly upon the insulation of

eac

h core and consist of either a bonded or strippable semi-conducting compound.

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

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

The dimensional, physical and electrical requirements of the metallic layer shall be
determined taking into account any other requirements (for example, national or approval
authority regulations and standards), including the value of current to be carried in the case of
fault.

4.4.2 Screens (shields) for low voltage cables

4.42-+——C€onstruction

Thq screen shall consist of one of the following:

14
5.

a) |a metal/polyester laminated electrostatic screening tape applied with the metallic side
contact with a drain wire or a metallic screening tape with an appropriate overlap;

The metal/polyester tape shall be either aluminium-bonded to polyester\or copper-bonfed
to polyester. The thickness of the tape is specified in the applicable product standard. The
metal/polyester tape shall be in contact with a drain wire whichshall be composed of
metal-coated annealed copper wires in the case of aluminium~laminate tape and either
plain or tinned annealed copper wires in the case of copper laminate tape. The maximjum
resistance of the drain wire is specified in the applicable product standard.

b) fthe metallic screening tape shall be a plain or metal-coated tape (the thickness of the tppe
is specified in the applicable product standard); or

c) fa plain copper or metal-coated copper braid withr a drain wire if necessary applied in
accordance with the formula given in 4.8.2; or

d) ja combination of a) and c) or b) and c) above. Using this option, the drain wire may| be
omitted.

4.4]2.2 Application

Thg screen may be applied either..@ver a single unit as an individual screen or ovdr a
formation of multi-cores or multi-unjts*as a collective screen.

Thg electrostatic screens may also serve as an electromagnetic screen, in which case [the
reqlirements need to be vérified with the customer.

In multi-unit cables, the“individual electrostatic screens shall be electrically isolated both ffom
each other and thecollective screen, if any.

4.5| Cabling

4.51 Multi-core cables

Thq individual cores shall be twisted together in concentric layers with either a right- or left-
hand lay. The use of reversed lay (SZ formations) is permitted. When necessary, filler(s) or
extruded layers as detailed in 4.6 may be used to obtain a circular cable.

A non-hygroscopic binder tape or tapes may be applied over each layer.

4.5.2 Multi-unit cables

The formation of the individual units and then the assembly of the units shall be in accordance
with the applicable product standard.
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4.6 Inner coverings, fillers and binders

The inner covering, if any, may be extruded or lapped, as specified in the relevant standard of
the cable. The inner covering shall be extruded in case of a braid armour of galvanized steel
wires.

It shall be possible to remove the inner covering without damaging the underlying
components.

Taped inner coverings shall be applied in one or more overlapping layers.

An ppen helix of suitable tape is permitted as a binder before application of an extruded-inner
covering. The thickness of the binder tape is optional.

Thqg inner covering, fillers and binders, if any, shall be of non-hygroscopic\ material. The
maferial selected shall be compatible with cable components with which it.jsin contact pnd
compatible with the operating temperature of the cable.

NOTIE In hazardous locations, inner coverings used instead of an inner sheath will\n6t prevent the migratign of
compustible gas or dust particles through the cable. This is normally prevented by hazardous location rated dable
glands dependent upon an impervious inner sheath on which to effect a seal.

4.7 Inner sheath
4.711 Material

Thg inner sheath material shall be selected from ohe of those listed in IEC 60092-360. [The
shejathing compound selected shall be compatible'with the cable components with which |t is
in gontact and compatible with the operating temperature of the cable.

4.7)2 Application

Thg inner sheath shall be extruded intone or more closely adherent layers. The inner shgath
shdll form a compact and homogeneous body and shall be so applied that it fits closely gnto
the|underlying components.

It shall be possible to remoye the inner sheath without damaging the underlying insula
and/or screen(s).

on

4.7)3 Thickness of inner sheath

Thqg thickness-~of‘the inner sheath for each size and type of cable shall be as specified in|the
applicable product standard.

Unless 'specified in the applicable product standard, the thickness at any point may be less
thap“the specified value, providing the difference does not exceed 0,1 mm + 15 % of |the
specified value for sheaths applied on a smooth cylindrical surface, or 0,2 mm + 20 % of the
specified value for sheaths applied on an irregular cylindrical surface.

The thickness of any tape(s) under or over the inner sheath shall not be included in the
measurement of the thickness of the inner sheath.

4.8 Metal braid armour
4.8.1 Material

The metal braid armour shall be made of zinc-coated (galvanized) steel wires complying with
the galvanizing test specified in 8.12 and I1SO 7989-2, or copper, metal-coated copper or
copper-alloy wires.
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4.8.2 Application

The "coverage density" of the braid shall be such that the weight of the braid is at least 90 %
of the weight of a tube of the same metal, having an internal diameter equal to the calculated
internal diameter under the braid and a thickness equal to the nominal diameter of the wires
forming the braid.

The diameter under the braid is calculated with the fictitious method given in Annex A.

NOTE An alternative method for evaluating the "coverage density" of symmetrical braids is given by the following
formula giving the "filling factor", £

NPd
F=

sina

, or

(mnd/2nD) (1 + w2D?/L?)"?

whefe

o is the slope angle between the cable axis and the braid wires;
d is the diameter of braid wire;

N is the number of wires per carrier;

P is the number of picks per millimetre;

m is the total number of spindles;

n is the total number of ends per spindle;

D is the mean diameter of the braid;

L is the lay length of the braiding wire.

The |corresponding "coverage density", expressed as a\percentage, is given by the formula:
T

G=—xFx100
2

The |coverage density G of 90 % is reached for a value of filling factor F of 0,573.
4.9| Outer sheath
4.9{1 Material

Thg sheath shall be selected from one of those listed in IEC 60092-360. The sheathing
compound selected shall be compatible with the cable components with which it is in conjact
and compatible with the operating temperature of the cable.

4.9)2 Application

The outer sheath shall be extruded in one or more closely adherent layers. The outer sheath
shall form a compact and homogeneous body and shall be so applied that it fits closely onto
the underlying components.

It shall be possible to remove the outer sheath without damaging the underlying insulation
and/or screen(s).

4.9.3 Thickness of outer sheath

The thickness of sheath for each size and type of cable shall be as specified in the applicable
product standard.
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Unless specified in the applicable product standard, the thickness at any point may be less
than the specified value, if any, providing the difference does not exceed 0,1 mm + 15 % of
the specified value for sheaths applied on a smooth cylindrical surface, or 0,2 mm + 20 % of
the specified value for sheaths applied on an irregular cylindrical surface.

4.9.4 Calculation of lower and upper limits for the outer dimensions of cables

The calculation of lower and upper limits for the outer dimensions of cables with circular
copper conductors are given in Annex D.

5 [Test methods

5.1 Test conditions
511 Ambient temperature

Unless otherwise specified in the details for the particular test, tests shall be made at| an
ambient temperature of (20 £ 15) °C.

5.1{2 Frequency, waveform and magnitude of power-frequency test voltages

Thg frequency of the alternating test voltages shall be in,the range 49 Hz to 61 Hz. TThe
wayeform shall be substantially sinusoidal. The power-freqdency test voltages given in fhis
dodument are RMS values.

5.2 Routine tests
5.2/1 General
Thqg routine tests required by this document-are:

a) |measurement of the electrical resistance of conductors (see 5.2.2);
b) |voltage test (see 5.2.3);
c) Jpartial discharge test for rated'voltages 6 kV up to 30 kV (see 5.2.4).

Thqg routine tests are normally carried out on each manufactured cable length and may| be
carfied out, at the manufacturer's option, either on delivery lengths or on manufactyred
lengths before they are.¢ut into delivery lengths.

5.2]2 Measurement of the electrical resistance of the conductors

Registance /measurements shall be made on all conductors of each cable length submitted to
the[routine test.

Thgq completed cable length, or a sample from it, shall be placed in the test room, which shall
be maintained at a reasonably constant temperature for at least 12 h before the test. In the
case of doubt as to whether the conductor temperature is the same as the room temperature,
the resistance shall be measured after the cable has been in the test room for 24 h. As an
alternative, the resistance shall be measured on a sample of conductor conditioned for at
least 1 h in a temperature-controlled liquid bath.

The measured value of resistance shall be corrected to a temperature of 20 °C and a length
of 1 km in accordance with the formulae and factors given in IEC 60228.

Unless otherwise stated in the applicable product standard, the DC resistance of each
conductor at 20 °C shall not exceed the appropriate maximum value specified for the
applicable class of conductor in IEC 60228.
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3 Voltage test

3.1 General

The voltage test shall be made at ambient temperature using, at the manufacturer's option,
alternating voltage at power frequency, direct voltage or, where applicable, spark testing
(high-frequency or other forms of voltage).

5.2.

3.2 Single-core cable without metallic layer

If the single-core cable has no metallic layer, the cable as delivered shall be immersed in
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voltage ferthe standard rated voltages shall be those given in Table 2.

er at ambient temperature for a minimum period of 1 h.
bltage shall be applied between the conductor and the water.
voltage and the duration of its application shall be as given in Table 2.

rnatively, the whole length of the completed cable as delivered shall’bg spark-tested (

3.7).
3.3 Multi-core cable and cables with one or more metaHic layers
pltage shall be applied in turn between each conductor<and each of the other conduc

the metallic layer, if any. The conductors may be%suitably connected for success

nections ensures that the voltage is applied for at\least 5 min without interruption betw
h conductor and each other conductor and betweenh each conductor and the metallic la

ny.
ndial field cables, the voltage shall be applied between the conductor and the core scre
voltage and the duration of its application shall be as given in Table 2.

3.4 Voltage test on sheath

test shall be made on sheathed cable where there is a metallic layer under the sheath
whole length of the:completed cable as delivered shall be spark-tested (see 5.2.3.7).

3.5 Test voltage

bss otherwise stated in the applicable product standard for the cable, the values of the
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ors
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lications of the test voltage to limit the total testing‘time, provided that the sequence¢ of
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yer,
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Table 2 — Routine test voltage

Rated voltage of cable Test voltage for 5 min
UylU Alternating current (AC) Direct current (DC) 2
kv kV kV
0,15/0,25 1,5 3,6
0,6/1 3,5 8,4
1,8/3 6,5 15,6
3-676 +9-5 -
6/10 21 -
8,7/15 30,5 -
12/20 42 -
18/30 63 e

NOITE The values for enhanced insulation thickness are given in the product standard.

2 |DC testing is not recommended for cables with rated voltages > 1,8/3 kV.

5.2)3.6 Requirement

Thqg test voltage shall be increased gradually to the specified value and no breakdown of
insdilation shall occur.

5.2)3.7 Spark test

When specified, this test shall be carried out in\the final stage of manufacture.

Thg cable shall withstand the test voltage specified without failure of the insulation or she
as pppropriate. The spark test equipment used shall detect a puncture in the insulatior
shefath having a diameter equal toy;“or greater than, half the specified insulation or shg
thickness. The recovery time of the’spark tester shall be not greater than 1 s.

Thg magnitude and presence of the voltage shall be such that, with the electrode system u
and at the speed used-for the passage of the cable through the spark tester, the
reqlirements are met:

Unless otherwise _stated in the applicable product standard for the cable, the values of the
voltage for insulation shall be:

— |AC (80.Hz) 3,0 kV + (5% tabulated insulation thickness in mm) kV
- |De V AC x 1,5

the

ath
or
ath

sed
est

fest

HOVE NAC 4+ 1 0 Kk\/L
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Unless otherwise stated in the applicable product standard for the cable, the values of the test

voltage for sheath shall be:

— AC (50 Hz) 3,0 kV
- DC VAC x 1,5

NOTE For recommended minimum spark test voltage levels, see Annex B.
5.2.4 Partial discharge test

The partial discharge test shall be carried out in accordance with IEC 60885-3.
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The magnitude of the discharge at 1,73 U, shall not exceed 5 pC.

6

6.1

Sample tests

General

The sample tests required by this document are:

a)
b)
c)
d)
6.2

a)

b)

conductor examination (see 6.4);

heck of dimensions (cna 85 to 6 7)-
2 +*—o+—aHReRSHoh —~o—+t —f—)

hot-set test for insulations and sheaths (see 6.8);

insulation resistance test (volume resistivity determination, see 6.9).

Frequency of sample tests
Conductor examination and check of dimensions

Conductor examination, measurement of the thickness of insulation and sheath

measurement of the overall diameter, if required by the purchaset, |shall be made on
ength from each manufactured series of the same type and_size of cable, but shall
imited to not more than 10 % of the number of lengths in any;one contract.

Physical tests

By agreement between the purchaser and manufacturer;'the test specified shall be m
on samples taken from cables manufactured for the contract, provided that the total ler

and
bne
be

hde
gth

in the contract exceeds 2 km of multi-core cables or 4 km of single-core cables. The
number of samples to be tested is given in Table'd.
Table 3 — Number of samplesj)according to cable length
Cable length Number of
_ - samples
Multi-core cables Single-core cables
Above Up to and including Above Up to and including

km km km km

2 10 4 20 1

10 20 20 40 2

20 30 40 60 3

> 30 - > 60 - ab

For multicore_cable lengths > 30 km, add one sample for each additional 10 km.

For single.care cable lengths > 60 km, add one sample for each additional 20 km.

6.3

Repetition of tests

If any sample fails any of the tests of 6.2, two further samples shall be taken from the same
batch and submitted to the same test or tests in which the original sample failed. If both
additional samples pass the tests, all the cables in the batch from which they were taken shall
be regarded as complying with the requirements of this document. If either of the additional
samples fails, the batch from which they were taken shall be regarded as failing to comply.

6.4

Conductor examination

Compliance with the requirements of IEC 60228 for conductor construction shall be checked
by inspection and by measurement when applicable.
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6.5 Measurement of thickness of insulation
6.5.1 General

Each cable length selected for the test shall be represented by two pieces of cable, one taken
from each end, any portion which may have suffered damage being discarded.

For cables having more than three cores of equal nominal cross-section, the number of cores
on which the measurements are to be made shall be limited to either three cores, or 10 % of
the cores, whichever number is greater.

6.5]2 Procedure

Thg test procedure shall be in accordance with the IEC 60811-201.

6.5|3 Requirements

Forleach piece of core, the smallest value, rounded off to the nearest 0,0”mm (see Annex C)
shd]l not be less than specified in the applicable product standard.

If the measured value on either of the two pieces fails to meet theyrequirements specified in
4.3|3, two further pieces shall be checked. If both of these further pieces meet the specified
reqlirements, the cable is deemed to comply, but if one—of them does not meet |the
requirements, the cable is deemed not to comply.

6.6 Measurements of thickness of non-metallic'sheaths
6.6J1 General

Eagh cable length selected for the test shall be represented by two pieces of cable, one taken
from each end, any portion which may have.suffered damage having been discarded.

6.6]2 Procedure

Thg test procedure shall be in accerdance with IEC 60811-202.

6.6{3 Requirements

For| each piece of ‘sheath, the smallest value, rounded off to the nearest 0,01 mm
(se¢ Annex C) shall'net be less than specified in the applicable product standard.

If the measured-value on either of the two pieces fails to meet the requirements specifiedl in
4.7]13 or 4,9.3, two further pieces shall be checked. If both of these further pieces meet|the
specifiedsrequirements, the cable is deemed to comply, but if one of them does not meet|the
reqlirements, the cable is deemed not to comply.

6.7 Measurement of external diameter

If the measurement of the external diameter of the cable is required as a sample test, it shall
be carried out in accordance with IEC 60811-203.

6.8 Hot-set test for insulations and sheaths
6.8.1 General procedure

The sampling and test procedure shall be carried out in accordance with IEC 60811-507
employing the conditions given in IEC 60092-360 for the insulation and for the sheath.
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6.8.2 Requirements

The test results shall comply with the requirements given in IEC 60092-360 for the insulation

and for the sheath.

6.9 Insulation resistance test (volume resistivity determination)

The insulation resistance shall be measured at ambient temperature using a DC voltage of
80 V to 500 V, after any AC high-voltage test has been carried out, but before any DC high-

voltage test is carried out.

Thg measurement shall in general be effected 1 min after application of the voltage. In cer
casgs, however, in order to reach a substantial steady-state condition, the time of applica
may be prolonged up to a maximum of 5 min.

For single-core cables with a metallic layer, the insulation resistance measurement s
be performed between the conductor and the metallic covering.

For single-core cables without a metallic layer, the insulation resistance measuren
hall be performed between the conductor and the water, in which the cable shall
immersed at least 1 h before the test.

For cables having two to five conductors, with or without metallic layer, the insula
resistance measurement shall be performed in turi,bétween each conductor and all of
onductors connected together and to the metallic covering, if any.

For cables having more than five conductorsy the insulation resistance measurement
hall be performed: first, between all conductors of uneven number in all layers and
onductors of even number in all layersysecond, between all conductors of even lay
nd all conductors of uneven layers;xthird, if necessary, between the first and the
onductor of each layer having an uneven number of conductors.

For cables with individually screehed units, an additional insulation resistance test shal

he metallic armour, if any.

measurement values(of the insulation resistance shall be corrected to the refere
perature of 20 °C . by using an appropriate temperature correction factor based
experimental results obtained on the insulation material concerned.

Volpme resistivity-(p) shall be calculated from the measured insulation resistance by
formula:

p =2 LRI In(D/d)

ain
on

as

hall

ent
be

ion
her

est
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be

performed in turn between eacCh screen and all other screens connected together and to

nce
on

the

where
p is the volume resistivity in ohms centimetre;

R is the measured insulation resistance, corrected to 20 °C, in ohms;
L is the length of the cable, in centimetres;

D is the outer diameter of the insulation, in millimetres;

d is the inner diameter of the insulation, in millimetres.

The calculated value of volume resistivity (p) shall be not less than the value specified for
applicable insulating material in IEC 60092-360.

the

NOTE 1 In some instances, the value for the volume resistivity is given in the form of the "insulation resistance

constant K" value (expressed in MQ-km) which is equivalent to 0,367 x 10" p (p expressed in Q-cm).
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NOTE 2 For the core of shaped conductors, the ratio D/d is the ratio of the perimeter over the insulation to the
perimeter over the conductors.

7

7.1

Type tests, electrical

General

The type tests defined by this document, and to be applied on samples of completed cable,
10 m to 15 m long unless otherwise specified, are the following:

a)

insulation resistance measurement at ambient temperature (see 7.2.1):

b)
c)
d)
e)
f)

7.2
7.2
7.2
Thi

insulation resistance measurement at the maximum rated temperature (see 7.2.2);
increase of the AC capacitance after immersion in water when required (see 7.3);
high-voltage test for 4 h (see 7.4);

mutual capacitance (see 7.5);

inductance (see 7.6).

Insulation resistance measurement
1 Measurement at ambient temperature
1.1 General

5 test shall be made on the sample length beforeCany other electrical test. All o

cov

erings shall be removed and the cores shall be immersed in deionised water at amb

temperature at least 1 h before the test. The measurement shall be made between
confductor and the water (see 7.4).

Thg DC test voltage shall be in the range 804V to 500 V and shall be applied for not less t

1
(20

7.2

Vol

NOT|
cong

7.2

Thd
app

7.2

in and not more than 5 min. If requested, the measurement may be confirmed
+2) °C.

1.2 Calculations

ime resistivity (p) shall be'calculated by the method given in 6.9.

E In some instances, the ‘value for the volume resistivity is given in the form of the "insulation resist
tant K" value (expressed in MQ-km) which is equivalent to 0,367-107"" p (p expressed in Q-cm).

1.3 Requirements

calculated value of volume resistivity (p) shall be not less than the value specified for
licableninsulating material in IEC 60092-360.

2 Measurement at maximum rated temperature

Liter
ent
the

han
at

hnce

the

7.2,

2.1 General

The cores of the cable sample with all outer coverings removed shall be immersed in water,
which shall be heated at the specified temperature for at least 1 h before test.

The DC test voltage shall be in the range 80 V to 500 V and shall be applied for not less than
1 min and not more than 5 min.

7.2.2.2 Calculations

Volume resistivity (p) shall be calculated by the method given in 6.9.
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NOTE In some instances, the value for the volume resistivity is given in the form of the "insulation resistance
constant K;" value (expressed in MQ-km) which is equivalent to 0,367:107"" p (p expressed in Q cm).

7.2.2.3 Requirements

The calculated value of volume resistivity (p) shall be not less than the value specified for the
applicable insulating material in IEC 60092-360.

7.3 Increase in AC capacitance after immersion in water

7.3.1 General

Thg increase in AC capacitance test shall be carried out in accordance with the folow
method.

ng

7.3{2 Preparation of test specimens

Evgry test specimen shall consist of a core sample 4,5 m long in which any ‘covering of [the
insdilation (including vulcanization tape, if any) has been removed.

7.3]3 Apparatus

A wlater tank shall be used so that the central portion of the test specimen is immersed ovér a
length of 3 m whilst a length of 0,7 m is maintained above thé water level at each end.

Thg water shall be thermostatically maintained at a temperature of (50 + 2) °C.
Thg water level shall be maintained constant.

7.3l4 Procedure

Thg test specimen shall first be dried for 24 h in an oven, the air of which is maintaihed
betyween 70 °C and 75 °C.

As poon as the test specimen js removed from the oven, the specimen shall be immersed| as
indicated above, in tap water which has been previously heated to 50 °C.

Thg immersion shall be;maintained at this temperature for 14 days.

Thg capacitance between the conductor and the water shall be measured with low-voltage|AC
at g frequency of:900 Hz + 100 Hz. Three measurements shall be carried out:

— [at the end)of the first day: C1;
— [at the end of the seventh day: C7;
— Jatthe end of the fourteenth day: C14.

Precaution shall be taken to ensure that the temperature and the water level are the same for
all measurements.

The increase in AC capacitance shall be calculated and expressed in a percentage:

a) between the end of the first day and the end of the fourteenth day: (C14 — C1)/CA1;
b) between the end of the seventh day and the end of the fourteenth day: (C14 — C7)/C7.

7.3.5 Requirements

The values calculated from the measurements shall be not more than those specified in
IEC 60092-360.
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7.4 High-voltage test for 4 h for cables rated up to 1,8/3 kV
7.4.1 General

The cores of the cable sample with all outer coverings removed shall be immersed in
deionised water at room temperature for at least 1 h.

A power-frequency voltage equal to three times the rated voltage U, shall be gradually
applied and maintained continuously for 4 h between the conductor and the water.

7.4 2— Reguirement

No breakdown of the insulation shall occur.

7.5 Mutual capacitance (control and instrumentation cables only)

Thg mutual capacitance shall be measured at 1 kHz on a total of at least two-pairs, triple$ or
quads that have been selected at random from the inner and outerlayers. The values
obtained shall be recorded in the cable type-test report.

7.6 Inductance to resistance ratio (control and instrumentation cables only)

Thg inductance-to-resistance ratio (L/R ratio) shall be caleculated from measurementy of
indlictance (L) made at 1 kHz on a total of at least two pairsytriples or quads that have bgen
selg¢cted at random from the inner and outer layers and the'DC resistance measured at 20(°C.
Thg values obtained shall be recorded in the cable type-test report.

7.7 High voltage sequence test (cables having a voltage rating higher than
3,6/6 (7,2) kV)

7.71 General

Thqg electrical type tests listed in 7.7 shall be performed on a sample of completed cable 1p m
to 15 m in length between the test accessories.

ed

With the exception of the provisions in 7.7.2, all the tests listed in 7.7.1 shall be app
successively to the same sample.

In the three-core cables; each test or measurement shall be carried out on all the cores.

Thg normal sequence of tests shall be:

a) |partial discharge test (see 7.7.3);

b) pending test, plus partial discharge test the magnitude of the discharge at 1,73 U, shal| be
recorded (see 7.7.4);

c) tan 3 measurement as a function of the voltage (see 7.7.5);
d) tan 8 measurement as a function of the temperature (see 7.7.6);

e) heating cycle test plus partial discharge test; the magnitude of the discharge at 1,73 U,
shall be recorded (see 7.7.7);

f) impulse withstand test, followed by a power-frequency voltage test (see 7.7.8);
g) voltage test for 4 h (see 7.7.9).

7.7.2 Special provisions

Tests ¢) and d) in 7.7.1 may be carried out on a different sample from the sample used for the
normal sequence of tests listed.
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3 Partial discharge test

partial discharge test shall be carried out as described in IEC 60885-3.

The test voltage shall be raised gradually to and held at 2,00 U, and then slowly reduced to
1,73 Uy.The magnitude of discharge at 1,73 U, shall be measured and recorded. This value

sha

7.7.

[l not be higher than 5 pC.

4 Bending test

a) The sample shall be bent around a test cylinder (for example the hub of a drum) at room

b) |The diameter of the cylinder shall be:

c)

7.7

b)

repeated, except that the bending of the sample shall be in the reverse direction.

This cycle of operations shall be carried out three times.

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

— for three-core cables: 15 (d + D) £ 5 %;

where

D is the actual external diameter of the cable sample, in millimetres;
d is the actual diameter of the conductor, in millimetres.

On completion of this test, the sample shall be, subjected to a partial dischg
measurement and shall comply with the requirements given in 7.7.3 above.
5 Tan 6 measurement as a function of the voltage

The power factor of the sample mechanically ‘conditioned, as described in a) and b
7.7.4, shall be measured at ambient temperature with a power-frequency voltags
0,5 Uy, Ug and 2 U.

[The measurement value shall not exceed those given in Table 4.

Table\d— Tan & versus voltage

temperature for at least one complete turn. It shall then be unwound, and the pracess

rge

EPR, HEPR XLPE

imum tan & at U, 200 x 1074 40 x 1074

imum increment of tan 3 between 0,5 U, and 2 U, 25 x 1074 20 x 1074

7.7
a)

6 Tan 6 measurement as a function of the temperature

each method, the temperature of the conductor shall be determined either by measu
the sonductor resistance, or by a thermometer in the bath or oven or on the surface of
scfeen.

The sample-of completed cables shall be heated by one of the two following methods;

;in
[ing
the

ent
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shall be passed through the metallic insulation screen.

2) The temperature shall be raised gradually, until the conductor has reached the highest

rated temperature for the relevant insulating compound given in IEC 60092-360.

b) The power factor shall be measured with a power-frequency voltage of 2 kV at the

c)

temperature specified in 1) and 2) of a) above.
The measured values shall comply with the requirements given in Table 5.
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