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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization c

all naf]
co-op
in add

Publig

prepa
may p

onal electrotechnical committees (IEC National Committees). The object of IEC is to premote int
bration on all questions concerning standardization in the electrical and electroni¢ fields. To thi
tion to other activities, IEC publishes International Standards, Technical Specifications, Technicg

ation is entrusted to technical committees; any IEC National Committee interested in the subject
Brticipate in this preparatory work. International, governmental and non-gévernmental organizatio

with the IEC also participate in this preparation. IEC collaborates closely with the International Organ

Stand

brdization (ISO) in accordance with conditions determined by agreement between the two organi

The fdrmal decisions or agreements of IEC on technical matters express,as nearly as possible, an int

conse
intere

hsus of opinion on the relevant subjects since each technical committee has representatioy
Eted IEC National Committees.

IEC Plublications have the form of recommendations for international use and are accepted by IEC
Comnfittees in that sense. While all reasonable efforts are ‘made to ensure that the technical conts
Publigations is accurate, IEC cannot be held responsible “for the way in which they are used g

misint]

erpretation by any end user.

In order to promote international uniformity, IEC_National Committees undertake to apply IEC Py
transparently to the maximum extent possible in theirnational and regional publications. Any divergenc
any IHC Publication and the corresponding natiotial or regional publication shall be clearly indicated in

IEC it
asses
servic

All us

No lia
memb)
other
expen

elf does not provide any attestation/of conformity. Independent certification bodies provide ¢
Ement services and, in some areas, ‘access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

brs should ensure that they Have the latest edition of this publication.

pility shall attach to IEG,or its directors, employees, servants or agents including individual ex
ers of its technical committees and IEC National Committees for any personal injury, property d
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
kes arising out of the publication, use of, or reliance upon, this IEC Publication or any

Publications.

Attent
indisp
Attent
rights

IEC 60
International Standard.

on is drawnto-the Normative references cited in this publication. Use of the referenced publi
Ensable for the correct application of this publication.

on isrdrawn to the possibility that some of the elements of this IEC Publication may be the subjec
IEC 'shall not be held responsible for identifying any or all such patent rights.

pmprising
ernational
b end and
| Reports,

ly Available Specifications (PAS) and Guides (hereafter referred to as(“lEC Publication(q)”). Their

dealt with
hs liaising
zation for
Fations.

Prnational
from all

National
nt of IEC
r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
fees) and
bther IEC

cations is

of patent

02-1 has been prepared by IEC technical committee 20: Electric cables.

This third edition cancels and replaces the second edition published in 20
Amendment 1:2009. This edition constitutes a technical revision.

It is an

04 and

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

a) references to IEC 60811 (all parts) have been updated and mechanical testing requirements
specific to halogen free low-smoke oversheath of material type ST have been considered,;

b) the use of the types of sheathing material to be used is now clearly defined;

c) the applicability of cables for use in DC systems is now included in the scope;
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d) items which were earlier marked as "under consideration" were studied either for an
appropriate solution if found available, or for removal for the time being.

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

Draft Report on voting

20/1938/FDIS 20/1949/RVD

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

The lan

This do
accordd
at www

described in greater detail at www.iec.ch/standardsdev/publications.

A list of
extrude
(Up=3

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

stability
the spe

e reco

e with

e replaced by a revised edition, or

e ame

pjuage used for the development of this International Standard is English.

cument was drafted in accordance with ISO/IEC Directives, Part 2, andl.deve

iec.ch/members_experts/refdocs. The main document types developed by

l insulation and their accessories for rated voltages from 1°kV (U, = 1,2 kV) up
b kV) can be found on the IEC website.

nded.

oped in

nce with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, dvailable

EC are

all parts in the IEC 60502 series, published under the general title Power caljles with

fo 30 kV

until the

date indicated on the IEC website under "http;//webstore.iec.ch" in the data rglated to
ific document. At this date, the document will be

nfirmed,

drawn,
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POWER CABLES WITH EXTRUDED INSULATION
AND THEIR ACCESSORIES FOR RATED VOLTAGES
FROM 1 kV (U, = 1,2 kV) UP TO 30 kV (U, = 36 kV) —

Part 1: Cables for rated voltages of 1 kV
(Um = 1,2 kV) and 3 kV (U, = 3,6 kV)

pe

pf rated AC voltage 1 kV (U, = 1,2 kV) designed and tested (in-accordance

ht can also be used, if declared by the manufacturer, in DC distribution system
minal voltage < 750 V DC (with a maximum of 900 V DC)between a live condu
parth, or <1 500 V DC (with a maximum 1 800 V DC) ‘bétween two live con

Applicabble core identification for DC systems are considéred in accordance wi

installat

NOTE 1
However,

This do

on regulations.

local installation regulations for DC systems can already contain specific identification requirem

smoke ¢mission and halogen-free gas emission when exposed to fire.

Cables
overhea

t of IEC 60502 specifies the construction, dimensions and test requiremeénts qf power
vith extruded solid insulation for rated AC voltages of 1kV (U, = 1,2kkV) and 3 kV
6 kV) for fixed installations such as distribution networks or industrial.installatipns.

vith this
5 having
ctor and
ductors.
th local

Recommendations for preferred core colours for line conductors in DC systems are given in IEC 60445.

Pnts.

tument includes cables which exhibit preperties of reduced flame spread, low levels of

for special installation and service conditions are not included, for example cgbles for
d networks, the mining industry, nuclear power plants (in and around the containment

area), sjubmarine use or shipboard application, or cables directly connected to phofovoltaic

systems.

NOTE 2

2 Not

The follq
constitu

Cables for photovoltaie 'systems are covered by IEC 62930.

mative references

fes requirements of this document. For dated references, only the edition cited

For undated references, the latest edition of the referenced document (includ
amendments) applies.

wing«documents are referred to in the text in such a way that some or all of theirjcontent

applies.
ng any

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

IEC 601

IEC 602

IEC 602

83, Guidance for the selection of high-voltage A.C. cable systems
28, Conductors of insulated cables

30, Impulse tests on cables and their accessories

IEC 60332-1-2, Tests on electric and optical fibre cables under fire conditions — Part 1-2: Test
for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW
pre-mixed flame
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IEC 60332-3-24, Tests on electric and optical cables under fire conditions — Part 3-24: Test for

vertical

IEC 606

flame spread of vertically-mounted bunched wires or cables — Category C

84-2, Flexible insulating sleeving — Part 2: Methods of test

IEC 60724, Short-circuit temperature limits of electric cables with rated voltages of 1 kV
(Up=1,2kV) and 3 kV (U, = 3,6 kV)

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

IEC 60
Determi

IEC 608
Part 20

IEC 608
Part 201

IEC 608
Part 20

IEC 608
Part 40

IEC 608
Part 401

IEC 608
Part 40

IEC 608
Part 404

IEC 608

hation of acidity (by pH measurement) and conductivity

11-201, Electric and optical fibre cables — Test methods for non-metallic
: General tests — Measurement of insulation thickness

11-202, Electric and optical fibre cables — Test methods formon-metallic
P: General tests — Measurement of thickness of non-metallic sheath

11-203, Electric and optical fibre cables — Test methods for non-metallic
B: General tests — Measurement of overall dimensions

11-401, Electric and optical fibre cables — Tést methods for non-metallic
. Miscellaneous tests — Thermal ageing methods — Ageing in an air oven

11-402, Electric and optical fibre cables — Test methods for non-metallic
P: Miscellaneous tests — Water absorption tests

11-403, Electric and optical fibre cables — Test methods for non-metallic
B: Miscellaneous tests — Ozone resistance test on cross-linked compounds

11-404, Electric and optical fibre cables — Test methods for non-metallic
{: Miscellaneous tests — Mineral oil immersion tests for sheaths

11-409, Electric and optical fibre cables — Test methods for non-metallic

04-Z, Iest on gases evolved during combustion orf materials trom cables, —

ma

ma

ma

ma

ma

ma

ma

ma

Part 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations and sh

IEC 608
Part 50

11-501, Electric and optical fibre cables — Test methods for non-metallic

ma

‘Mechanical tests — Tests for determining the mechanical properties of insula

Part 2:

erials

erials

erials

erials

erials

erials

erials

erials

baths

erials

ting and

sheathir

J
g curnpourius

IEC 60811-502, Electric and optical fibre cables — Test methods for non-metallic materials
Part 502: Mechanical tests — Shrinkage test for insulations

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

IEC 60811-504, Electric and optical fibre cables — Test methods for non-metallic materials
Part 504: 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 506: Mechanical tests — Impact test at low temperature for insulations and sheaths

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

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

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

IEC 60811-605, Electric and optical fibre cables — Test methods for non-metallic>materials —
Part 609: Physical tests — Measurement of carbon black and/or mineral filler.in”polygthylene
compounds

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

IEC 610B4-2, Measurement of smoke density of cables burning under defined conditions —
Part 2: Test procedure and requirements

IEC 6220, Electric cables — Spark-test method

ISO 48-P:2018, Rubber, vulcanized or thermoplastic — Determination of hardness —| Part 2:
Hardnegs between 10 IRHD and 100 IRHD

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

ISO and IEC maintain terminological databases for use in standardization at the fpllowing
addressies:

o |EC [Electropediatavailable at http://www.electropedia.org/
e |SO|Online brewsing platform: available at http://www.iso.org/obp

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

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

Note 1 to entry: Usually, in this document, nominal values give rise to values to be checked by measurements
taking into account specified tolerances.

3.1.2

approximate value

value which is neither guaranteed nor checked but is used, for example, for the calculation of
other dimensional values
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3.1.3

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

3.1.4

fictitious value
value calculated in accordance with the "fictitious method" described in Annex A

3.2

3.2.1

Definitions relating to tests

routine|test
test ma;ﬂe by the manufacturer on each manufactured length of cable to check that-eac

meets

3.2.2

the specified requirements

sample|test

test mafde by the manufacturer on samples of completed cable or components taker
completed cable, at a specified frequency, so as to verify that the/finished product m
specifiefd requirements

3.2.3

type test

test mage before supplying, on a general commeftgial basis, a type of cable covered
document, in order to demonstrate satisfactony, performance characteristics to m
intended application

Note 1 tolentry: Type tests are of such a nature that, after they have been made, they need not be repeat
changes g@re made in the cable materials or design or manufacturing process which might change the pe
character|stics.

3.24

electrical test after installation
test magle to demonstrate the integrity of the cable and its accessories as installed

4 Voltage designations and materials

4.1

411

Riated voltages

Rated AC voltages

h length

from a
bets the

by this

eet the

bd, unless
formance

The rated AC voltages Uy/U (U,,) of the cables considered in this document are 0,6/1 (1,2) kV
and 1,8/3 (3,6) kV.

NOTE 1

used, e.

The voltages given above are the correct designations although in some countries other designations are

g. 1,7/3 kV or 1,9/3,3 kV instead of 1,8/3 kV.

For the voltage designation of cables Uy/U (U,;), the definitions in IEC 60183 apply i.e.:

U, is the rated RMS power frequency voltage between conductor and earth or metal screen

for

which the cable is designed;

U is the rated RMS power frequency voltage between conductors for which the cable is
designed,;

U,, is the maximum RMS power frequency voltage between conductors for which the cable is
designed.
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NOTE 2 U, is the highest voltage that can be sustained under normal operating conditions at any time and at any
point in a system and excludes temporary voltage variations due to fault conditions and sudden disconnection of
large loads.

The rated voltage of the cable for a given application shall be suitable for the operating
conditions in the system in which the cable is used. To facilitate the selection of the cable,
systems are divided into three categories according to the duration of time the system can be
operated under earth fault conditions (see IEC 60183):

— Category A: this category comprises those systems in which any phase conductor that
comes in contact with earth or an earth conductor is disconnected from the
system within 1 min.

— Ca egory B: this category anpricne those systems which—under fault conditions, are

operated for a short time with one phase earthed. This perfod, in
accordance with IEC 60183, should, in general, not exceed 1 h~For|cables
covered by this document, a longer period, not exceeding/8 h ¢n any
occasion, can be tolerated. The total duration of earth faults in arny year
should not exceed 125 h.

— Calegory C: this category comprises all systems which do not fallinto category A or B.

NOTE 3 |In a system where an earth fault is not automatically and promptly isolated, the extra stressps on the
insulation| of cables during the earth fault reduce the life of the cables tosa certain degree. If the system is|expected
to be opefated fairly often with a permanent earth fault, it can be advisable to classify the system in Catedory C.

The valpes of U, recommended for cables to be used in three-phase systems are |isted in
Table 1

Table 1 - Recommended rated AC voltages U,

Highest system voltage Rated voltage (U,)

(Upn)

kV kV

Categories A and B Category C

1,2 0,6 0,6

3,6 1,8 3,62
a8 This «ategory is covered by 3,6/6 (7,2) kV cables in accordance with

IEC.60602-2.

4.1.2 Rated DC voltages

Under consideration.

4.2 Insulating compounds

The types of insulating compound covered by this document are listed in Table 2, together with
their abbreviated designations.
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Table 2 — Insulating compounds

Insulating compound

Abbreviated
designation

a) Thermoplastic

Polyvinyl chloride intended for cables with rated voltages Uy/U < 1,8/3 kV PVC/A @
b) Cross-linked:

Ethylene propylene rubber or similar (EPM or EPDM) EPR
High modulus or hard grade ethylene propylene rubber HEPR
Cross-linked polyethylene XLPE

a . . - .
Insuwmmmmmw

is dgsignated PVC/B in IEC 60502-2.

3,6/6 kV

The makimum conductor temperatures for different types of insulating compound covered by
this document are given in Table 3.
Table 3 — Maximum conductor temperatures for different types of insulating compound
Maximum conductor temperature
°C
Insulating compound -
Short-cfrcuit
Normal operation (5 s maximum
duration)
Polyvinyl chloride (PVC/A)
Conductor cross-section- 300 mm? 70 16
Conductor cross-ségtion > 300 mm? 70 14
Cross-linked polyethylene (XLPE) 90 25
Ethyleng propylene rubber (EPR and HEPR) 90 25
The temperatures in Table 3 are based on the intrinsic properties of the insulating matgrials. It
is impoftant to take into(account other factors when using these values for the calculation of
current ratings.
For example, in-nérmal operation, if a cable directly buried in the ground is operated under
continugus load. (100 % load factor) at the maximum conductor temperature shown in [Fable 3,
the thermal resistivity of the soil surrounding the cable may, in the course of time, incregse from
its originakvalue as a result of drying-out processes. As a consequence, the cgnductor

temperature may greally exceed the maximum value. Tf such operaiing conditions are foreseen,
adequate provisions shall be made.

For guidance on the short-circuit temperatures, reference shall be made to IEC 60724.

43 S

heathing compounds

The types of sheathing compound covered by this document are listed in Table 4, together with
their abbreviated designations.

The maximum conductor temperatures for the different types of sheathing compound covered
by this document are given in Table 4.
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Table 4 — Sheathing compounds and maximum conductor temperatures

for different types of sheathing compound

| Avbroviateq | Mamum conductor
Sheathing compound gnation in normal operation
°C
a) Thermoplastic:
Polyvinyl chloride (PVC) ST, 80
ST, 90
Polyethylene ST, 80
ST, 90
Halpgen free STg 90
b) Elagtomeric:
Polychloroprene, chlorosulfonated polyethylene or SE, 85
simjlar polymers

5 Conductors

The con
or of pl
accorda

6 Ins

61 M

nce with IEC 60228.

ulation

aterial

The insdlation shall be extruded dielectric of one of the types listed in Table 2.

For hald

6.2

I

The non

The thic

sulation thickness

hinal insulation thicknesses are specified in Table 5 to Table 7.

ductors shall be either of Class 1 or Class 2 ofsplain or metal-coated annealeg
ain aluminium or aluminium alloy, or of Class*5 of plain or metal-coated cq

gen free cables, the.insulation shall also meet the requirements given in Tablg

kness,of any separator shall not be included in the thickness of the insulation.

copper
pper in

23.
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Table 5 — Nominal thickness of PVC/A insulation

Nominal cross-sectional area of Nominal thickness of insulation at rated voltage
conductor v U (U,)

0,6/1 (1,2) kV 1,8/3 (3,6) kV
mm?2 mm mm
1,5and 2,5 0,8 -
4 and 6 1,0 -
10 and 16 1,0 2,2
25 and 35 1,2 2,2
50 and 70 1,4 2,2
95 and 120 1,6 2,2
150 1,8 2,2
185 2,0 2,2
240 2,2 2,2
300 2,4 2,4
400 2,6 2,6
500 to 800 2,8 2,8
1000 3,0 3,0

=]

Table 6 — Nominal thickness of cross-linked polyethylene (XLPE) insulatio

Nomjnal cross-sectional area of Nominal thickness of insulation at rated voltage
conductor v, U (U,)
0,6/1 (1,2) kV 1,8/3 (3,6) kV
mm? mm mm
1,5 and 2,5 0,7 _
4 and 6 0,7 —
10 and 16 0,7 2,0
25 and 35 0,9 2,0
50 1,0 2,0
70(and 95 1,1 2,0
120 1,2 2,0
150 1,4 2,0
185 1,6 2,0
240 1,7 2,0
300 1,8 2,0
400 2,0 2,0
500 2,2 2,2
630 2,4 2,4
800 2,6 2,6
1000 2,8 2,8
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Table 7 — Nominal thickness of ethylene propylene rubber (EPR)
and hard ethylene propylene rubber (HEPR) insulation

Nomina
area

| cross-sectional
of conductor

Nominal thickness of insulation at rated voltage

Uyl U (U,)

0,6/1 (1,2) kV

1,8/3 (3,6) kV

EPR HEPR EPR HEPR

mm?2 mm mm mm mm
1,5 and 2,5 1,0 0,7 - -
4 and 6 1,0 0,7 - -
10 and 16 1,0 0,7 2,2 2,(
P5 and 35 1,2 0,9 2,2 2,(
50 1,4 1,0 2,2 2,0

70 1,4 1,1 2,2 2,0

95 1,6 1,1 2,4 2,(
120 1,6 1,2 2,4 2,0
150 1,8 1,4 24 2,(
185 2,0 1,6 2,4 2,(
240 2,2 1,7 2,4 2,
300 2,4 1,8 2,4 2,
400 2,6 2,0 2,6 2,(
500 2,8 2,2 2,8 2,4
630 2,8 2,4 2,8 2,4
800 2,8 2,6 2,8 2,6
1000 3,0 2,8 3,0 2,8

7 Assembly of multicore ‘cables, inner coverings and fillers

71 General

The ass|
applied

The foll

7.2 Inner coverings and fillers

7.2.1

The inner coverings may be extruded or lapped.

to each core:

embly of multicore cables depends on the rated voltage and whether a metallic

bwing Subclauses 7.2 to 7.4 do not apply to assemblies of sheathed single-core

Construction

layer is

cables.

For cables with circular cores, except cables with more than five cores, a lapped inner covering
shall be permitted only if the interstices between the cores are substantially filled.

A suitable binder is permitted before application of an extruded inner covering.

7.2.2

Material

The materials used for inner coverings and fillers shall be suitable for the operating temperature
of the cable and compatible with the insulating material.
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For halogen free cables, the inner covering and fillers shall meet the requirements given in
Table 23.

7.2.3

The app

Thickness of extruded inner covering

roximate thickness of extruded inner coverings shall be derived from Table 8.

Table 8 — Thickness of extruded inner covering

Fictitious diameter over laid-up cores Thickness of extruded inner covering
Above Up to and including (approximate values)
T T T
- 25 1,0
25 35 1,2
35 45 1,4
45 60 1,6
60 80 1,8
80 - 2,0

7.2.4

The apq

over laig-up cores up to and including 40 mm and @;6)mm for larger diameters.

7.3 (
7.3.1

Cables
the core

NOTE T
and insta
contact.

7.3.2

Cables
comply

Thickness of lapped inner coverings

roximate thickness of lapped inner coverings, shall be 0,4 mm for fictitious di

ables with rated voltage 0,6/1 (1,2) kV
General

vith a rated voltage of 0,6/1 (152) kV may have a metallic layer collectively surri
S.

he choice between cables having and cables not having a metallic layer depends upon national rg
lation requirements for:the prevention of possible dangers from mechanical damage or direct

Cables having a collective metal layer (see Clause 8)

ameters

ounding

bgulations
electrical

hall havelan inner covering over the laid-up cores. The inner covering and fillgrs shall

with7.2.

Metal ta

pes—may, however, beapptied—irectty overthe—assembted—cores;omitting—t

e inner

covering, provided that the nominal thickness of each tape does not exceed 0,3 mm and that

the com

7.3.3

pleted cable complies with the special bending test specified in 18.18.

Cables having no collective metal layer (see Clause 8)

The inner covering may be omitted, provided the outer shape of the cable remains practically

circular

and no adhesion occurs between cores and sheath.

The oversheath may penetrate into the interstices of the cores, except in the case of
thermoplastic oversheaths over circular cores exceeding 10 mm?2,

If, however, an inner covering is applied, its thickness need not comply with 7.2.3 or 7.2.4.
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Cables with rated voltage 1,8/3 (3,6) kV

General

EC 2021

Cables with a rated voltage of 1,8/3 (3,6) kV shall have a metal layer surrounding the cores
either individually or collectively.

7.4.2

Cables having only a collective metal layer (see Clause 8)

Cables shall have an inner covering over the laid-up cores. The inner covering and fillers shall
comply with 7.2 and shall be non-hygroscopic.

7.4.3

Cables having a metal layer over each individual core (see Clause 9)

The mefal layers of the individual cores shall be in contact with each other.

Cables with an additional collective metal layer (see Clause 8) of the samé materia
underlying individual metal layers shall have an inner covering over the laid-up cores. T
covering and fillers shall comply with 7.2 and shall be non-hygroscopic.

When

materia
in 13.2.

the underlying individual metal layers and the collectivé/metal layer are of

may be |obtained by an inner covering in accordance with( A.2.

For ca

(see CI

bles having neither armour, nor concentricconductor, nor other collective me

remains| practically circular. The oversheath may penetrate into the interstices of th

except

n the case of thermoplastic oversheaths over circular cores exceeding 10

howevef, an inner covering is applied, its:thickness need not comply with 7.2.3 nor 7.2

8 Metal layers for single-core:and multicore cables

The fo

llpwing types of metal layers are included in this document:

a) metal screen (see Clause 9);

b) congentric conductor (see Clause 10);

c) lead sheath (see Clause 11);

The m

d) mettl armour (see Clause 12).

etal<ayer(s) shall comprise one or more of the types listed above and shall

| as the
he inner

Hifferent

s, they shall be separated by an extruded sheath of<one of the materials slpecified
For lead-sheathed cables, the separation from the underlying individual metal layers

al layer

huse 8), the inner covering may be omitted, provided the outer shape of the cable

b cores,
mm2. If,
4.

be non-

magnetic when applied io either single-core cables or individual cores of muliicore cables.

9 Metal screen

9.1

Construction

The metal screen shall consist of one or more tapes, or a braid, or a concentric layer of wires
or a combination of wires and tape(s).

It may also be a sheath or, in the case of a collective screen, an armour which complies with 9.2.

When choosing the material of the screen, special consideration shall be given to the possibility

of corr

osion, not only for mechanical safety but also for electrical safety.
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Gaps in the screen shall comply with national regulations and/or standards.

9.2 Requirements

The dimensional, physical and electrical requirements of the metal screen shall be determined
by national regulations and/or standards.

10 Concentric conductor

10.1 Construction

Gaps in[tite concentric conductor shaftt compty with mationat regutations and/or standards.

When choosing the material of the concentric conductor, special considerationsshall he given
to the ppssibility of corrosion, not only for mechanical safety but also for electrical safdty.

10.2 j‘equirements

The dimensional and physical requirements of the concentric conductor and its electrical
resistanice shall be determined by national regulations and/or standards.

10.3 Application

When afconcentric conductor is required, it shall be applied over the inner covering in the case
of multigore cables. In the case of single-core cablessit shall be applied either directly pver the
insulatign or over a suitable inner covering.

11 Metal sheath

The shdath shall consist of lead or lead’alloy and shall be applied as a reasonably tight-fitting
seamlegs tube.

The nominal thickness shall _be calculated using the following formula:
fop = 0,03 Dy + 0,7

where

fop is the nominal thickness of lead sheath, in millimetres;

Dy is thefictitious diameter under the lead sheath, in millimetres (rounded to the first decimal
place in accordance with Annex B).

In all cases, the smallest nominal thickness shall be 1,2 mm. Calculated values shall be rounded
to the first decimal place (see Annex B).

12 Metal armour

12.1 Types of metal armour
The armour types covered by this document are as follows:

a) flat wire armour;
b) round wire armour;

c) double tape armour.
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NOTE For cables with a rated voltage of 0,6/1 (1,2) kV with conductor cross-sectional areas not exceeding 6 mm?2,
galvanized steelwire braid armour can be provided by agreement between the manufacturer and the purchaser.

12.2 Materials

Round or flat wires shall be of galvanized steel, copper or tinned copper, aluminium or
aluminium alloy.

Tapes shall be of steel, galvanized steel, aluminium or aluminium alloy. Steel tapes shall be
hot- or cold-rolled of commercial quality.

In those cases where the steel armour wire layer is required to comply with a minimum
conductgmceits }JUllllibbiIUic tomctode—sufficient COpPpPeET ot tirmed coppet wiresimthg armour
layer to|ensure compliance.

When choosing the material of the armour, the possibility of corrosion shall.be taken into
considefation, not only for mechanical safety, but also for electrical safety, €specially when the
armour |s used as a screen.

The armour of single-core cables for use on AC systems shall consist,of non-magnetic material,
unless 4 special construction is chosen.

12.3 Application of armour
12.3.1 | Single-core cables

In the gase of single-core cables, an inner covering, extruded or lapped, of the thickness
specified in 7.2.3 or 7.2.4, shall be applied underithe armour.

12.3.2 | Multicore cables

In the case of multicore cables, the armour shall be applied on an inner covering complying with
7.2 except for special applications using metallic tapes, see 7.3.2.

12.3.3 | Separation sheath

When the underlying metallic layer and the armour are of different materials, they shall be
separated by an extruded sheathing compound of one of the types listed in Table 4.

The shdathing ¢ompound type shall be suitable for the operation temperature in accprdance
with Table 4,

For halegen free cables, the separation sheath (STg) shall meet the requirements given in
Table 23.

When an armour is required for a lead-sheathed cable, it may be applied over a lapped bedding
in accordance with 12.3.4.

If a separation sheath is used, it shall be applied under the armour instead of, or in addition to,
the inner covering.

The nominal thickness of the separation sheath T expressed in millimetres shall be calculated
by the following formula:

T,=0,02D,+ 0,6
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where D, is the fictitious diameter under this sheath, in millimetres, calculated as described in

Annex A.

The value resulting from the formula shall be rounded off to the nearest 0,1 mm (see Annex B).

For cables without a lead sheath, the nominal thickness shall be not less than 1,2 mm. For

cables where the separation sheath is applied directly over the lead sheath, the
thickness shall be not less than 1,0 mm.

12.3.4 Lapped bedding under armour for lead-sheathed cables

compounded paper tapes followed by one or more layers of compounded fibrous mate

nominal

f either
ted and
ial.

The imgregnation of bedding materials may be made with bituminous or~other presgrvative

compounds. In the case of wire armour, these compounds shall not be applied direct
the wirefs.

Synthet|c tapes may be used instead of impregnated paper tapes,

y under

The total thickness of the lapped bedding between the Aead sheath and the armqur after

applicatjon of the armour shall have an approximate value“of 1,5 mm.

12.4 Dimensions of the armour wires and armour tapes

The nominal dimensions of the armour wires and armour tapes should preferably consigt of one

of the fdllowing values:

Round wires:

0,8 ¢r 1,25 0r 1,6 or 2,0 or 2,5 or~3,15-mm diameter;

Flat wires:
0,8 mm thickness;
Tapes of steel:
0,2 ¢r 0,5 or{0)8-mm thickness;

Tapes df aluminium or aluminium alloy:

0,5 or 0,8-mm thickness.

12.5 Correlation between cable diameters and armour dimensions

The nominal diameters of round armour wires and the nominal thicknesses of the armour tapes

shall be not less than the values given in Table 9 and Table 10, respectively.
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Table 9 — Nominal diameter of round armour wires

Fictitious diameter under the armour Nominal diam.eter of
Above Up to and including armour wire
mm mm mm
- 10 0.8
10 15 1,25
15 25 16
25 35 2.0
35 60 25
60 - 3,15

Table 10 — Nominal thickness of armour tapes

Fictitious diameter under the armour Nominal thicknéess of tape
Above Up to and including Steel or galvanized Aluminium or alyminium
steel alloy
mm mm mm mm
- 30 0,2 0,5
30 70 0y5 0,5
70 - 0,8 0,8

NOTE [This table does not apply to cables having metallic\tapes applied directly over the assemblg¢d cores
(see 7.32).

For flat armour wires and fictitious diameters under the armour greater than 15 mm, the nominal
thickneds of the flat steel wire shall*be 0,8 mm. Cables with fictitious diameters under the
armour pp to and including 15 mm¢shall not be armoured with flat wires.

12.6 Round or flat wire armour

The wire armour shall be_closed, i.e. with a minimum gap between adjacent wires. An open
helix consisting of galvanized steel tape with a nominal thickness of at least 0,3 mm|may be
provided over a flat steel wire armour and over a round steel wire armour, if negessary.
Toleranges on this'steel tape shall comply with 16.7.3.

12.7 IZ10ubIe tape armour

When a tape armour and an inner covering as specified in 7.2 are used, the inner covering shall
be reinforced by a taped bedding. The approximate thickness of the inner covering and the
additional taped bedding shall be as given in 7.2 and the combined approximate thickness shall
be increased by 0,5 mm if the armour tape thickness is 0,2 mm, and increased by 0,8 mm if the
armour tape thickness is more than 0,2 mm.

If a separation sheath is required or if the inner covering is extruded and satisfies the
requirements of 12.3.3, the additional taped bedding is not required.

The tape armour shall be applied helically in two layers so that the outer tape is approximately
central over the gap of the inner tape. The gap between adjacent turns of each tape shall not
exceed 50 % of the width of the tape.
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13 Oversheath

13.1 General

All cables shall have an oversheath.

The oversheath is normally black but a colour other than black may be provided by agreement
between the manufacturer and the purchaser, subject to its suitability for the particular
conditions under which the cable is to be used.

If there is concern that the oversheath will be deteriorated by UV radiation, the oversheath shall
be protpeted—agairst PN, —radiation—which—willbe—mutually—agreed—with—the—elieni. Black
polyethylene oversheaths containing the required amount of carbon black (see Table[20) can
provide |protection against UV radiation depending on geographical regions and meteonological
conditiops.

13.2 Material

The ovdrsheath shall consist of an extruded sheathing compound of‘6ne of the types [listed in
Table 4

Halogern free sheathing material shall be used on cables which exhibit properties of feduced
flame spread, low levels of smoke emission and halogen-ffee gas emission when exposed to
fire. Thg oversheath (STg) of halogen free cables shall meet the requirements given in Tpble 23.

The sheathing material shall be suitable for the ‘eperating temperature in accordarce with
Table 4

NOTE Chemical additives can be requested for use;in the oversheath for special purposes, for example termite
protectior]. Any additive can be permitted by locallegislation for manufacture and use in the intended application in
the relevgnt countries.

13.3 Thickness

Unless |otherwise specified, “the nominal thickness ¢, expressed in millimetres ghall be
calculated using the following formula:

ts=0,035D +1,0

where D is_the fictitious diameter immediately under the oversheath, in millimetres (see
Annex A).

The value resulting from the formula shall be rounded off to the nearest 0,1 mm (see Annex B).

The nominal thickness shall be not less than 1,4 mm for single-core cables and not less than
1,8 mm for multicore cables.

13.4 Marking

Marking on oversheath is recommended. It shall contain at least an indication of origin
(manufacturer's name or trademark (if legally protected)). Inclusion of voltage designation,
number of cores and their nominal cross-sectional area into sheath marking is optional.

Marking shall be made by printing, embossing or indenting and it shall be continuous with
applicable intervals.
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14 Test conditions

14.1 Ambient temperature

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

14.2 Frequency and waveform of power frequency test voltages

The frequency of the alternating test voltages shall be in the range of 49 Hz to 61 Hz. The
waveform shall be substantially sinusoidal. The values quoted are RMS values.

14.3 V\llaveform of impulse test voltages

In accofdance with IEC 60230, the impulse wave shall have a virtual front time)betwgen 1 ps
and 5 pys and a nominal time to half the peak value between 40 us and 60'ps, and |in other
respect$ shall be in accordance with IEC 60060-1.

15 Rolitine tests

15.1 General

Routine|tests are normally carried out on each manufactured length of cable (see 3.2/1). The
number|of lengths to be tested may, however, be reddged in accordance with agreed quality
control procedures.

The routine tests required by this document include:

a) measurement of the electrical resistance of conductors (see 15.2);
b) voltage test (see 15.3).

15.2 Ellectrical resistance of conductors

Resistance measurements shall*be made on all conductors of each cable length submitted to
the rout|ne tests, including.the concentric conductor, if any.

The complete 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|case of
doubt as to whether the conductor temperature is the same as the room temperatpre, the
resistanice shalbbe measured after the cable has been in the test room for 24 h. Alterpatively,
the resistance can be measured on a sample of conductor conditioned for at least {1 h in a
temperdture’controlled liquid bath.

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

The DC resistance of each conductor at 20 °C shall not exceed the appropriate maximum value
specified in IEC 60228. For concentric conductors, the resistance shall comply with national
regulations and/or standards.

15.3 Voltage test
15.3.1 General

The voltage test shall be made at ambient temperature, using either alternating voltage at power
frequency or direct voltage, at the manufacturer's option.
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15.3.2

Test procedure for single-core cables

For single-core screened cables, the test voltage shall be applied for 5 min between the
conductor and the metal screen.

Single-c

ore unscreened cables shall be either

a) immersed in water at room temperature for 1 h and the test voltage then applied for 5 min
between the conductor and the water, or

b) subjected to a spark-test during its manufacturing process in accordance with IEC 62230.

This

procedure applies for all insulation thicknesses tabled in this document.

15.3.3

For mul
betweer

For mul
5 min in
collectiV

The cor
limit the

is appli
conduct]

Alternat
transfor

15.3.4

The pov
for the {

Test procedure for multicore cables

each conductor and the metallic layer.

e metallic layers, if any.

ductors may be suitably connected for successive applications of the test vg
total testing time, provided that the sequence of connections ensures that the
bd for at least 5 min without interruption between each conductor and ead
por and between each conductor and the metallicilayers, if any.

vely, three-core cables may be tested i,a single operation by using a thre
mer.

Test voltage

er frequency test voltage shalt be 2,5 Uy + 2 kV. Values of single-phase test
tandard rated voltages are.given in Table 11.

Table 11 — Routine test voltages

icore cables with individually screened cores, the test voltage shall be applied fpr 5 min

licore cables without individually screened cores, the test voltage shall be applied for
succession between each insulated conductor and all thesother conductprs and

ltage to
voltage
h other

e-phase

oltages

Rated v(

Itage U, kV 0,6 1,8

Test vol

age kV 3,5 6,5

If, for th

ree-core cables, the voltage test is carried out with a three-phase transformer,

the test

voltage

etiveen the phases shall be 1,73 times the values given in Table 11

When a direct voltage is used, the applied voltage shall be 2,4 times the power frequency test

voltage.
In all ca

15.3.5

No brea

ses, the test voltage shall be increased gradually to the specified value.

Requirement

kdown of the insulation shall occur.
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16 Sample tests

16.1 General
The sample tests required by this document include:

a) conductor examination (see 16.4);
b) check of dimensions (see 16.5 to 16.8);
c) hot set test for EPR, HEPR and XLPE insulation and elastomeric sheaths (see 16.9).

16.2 Frequency of sample tests

16.2.1 | Conductor examination and check of dimensions

Conductior examination, measurement of the thickness of insulation and) sheath and
measurgment of the overall diameter shall be made on one length from each. manufacturing
series df the same type and nominal cross-section of cable, but shall be.limited to not more
than 10|% of the number of lengths in any contract.

16.2.2 | Physical tests

Physical tests shall be carried out on samples taken from manufactured cables in accprdance
with agreed quality control procedures. In the absence of such an agreement, for cpntracts
where the total length exceeds 2 km for multicore cables or 4 km for single-core cablgs, tests
shall belmade on the basis of Table 12.

Table 12 — Number of samples for sample tests

Cable length
Multicore cables Single-core cables NumbeJr of
Above Up to and including Above Up to and including sampfjes

m km km km

2 10 4 20 1
10 20 20 40 2
Al 80 40 60 3

etc. etc. etc.

16.3 Rlepetition of tests

If any sample fails in any of the tests in Clause 16, 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.

16.4 Conductor examination

Compliance with the requirements of IEC 60228 for conductor construction shall be checked by
inspection and by measurement, when practicable.
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16.5 Measurement of thickness of insulation and of non-metallic sheaths (including
extruded separation sheaths, but excluding inner extruded coverings)

16.5.1 General

The test method shall be in accordance with IEC 60811-201 for insulation and IEC 60811-202
for sheaths.

Each cable length selected for the test shall be represented by a piece of cable taken from one
end after having discarded, if necessary, any portion which may have suffered damage.

For cables having more than three cores with conductors of equal nominal cross-section, the
number|of cores on which the measurement is made shall be limited to either three ¢ores or
10 % of|the cores, whichever is larger.

16.5.2 | Requirements for the insulation

For each piece of core, the average of the measured values, rounded to®;4 mm in accprdance
with Anpex B, shall be not less than the nominal thickness, and the smallest value measured
shall not fall below 90 % of the nominal value by more than 0,1 mmj i.e.:

{2 091,-0,1

where

t.. is the minimum thickness, in millimetres;

m

t, is the nominal thickness, in millimetres.

n
16.5.3 | Requirements for non-metallic.sheaths
The minimum thickness of the non-metallic sheath shall not fall below 80 % of the nomiral value
by morg than 0,2 mm, i.e.:

tn208¢,-0,2

16.6 Measurement of thickness of lead sheath

16.6.1 | General

at the disefetion of the manufacturer, and shall not fall below 95 % of the nominal value py more

The minimum thickness of the lead sheath shall be determined by one of the following mFthods,
than 0, Lmm,i.e

tn 20,951, - 0,1

16.6.2 Strip method

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

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

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

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

16.7 Measurement of armour wires and tapes

16.7.1

The dia
microm
measur
of the ty

16.7.2

The me
5 mm in
shall be

Measurement on wires

meter of round wires and the thickness of flat wires shall be measured by me
ter having two flat noses to an accuracy of +0,01 mm. Forcround wir
ments shall be made at right angles to each other at the same position and the
o values taken as the diameter.

Measurement on tapes

asurement shall be made with a micrometer having‘two flat noses of appro
diameter to an accuracy of £0,01 mm. For tapes~up to 40 mm in width, the tH
measured at the centre of the width. For widerd4apés the measurements shall &

20 mm from each edge of the tape and the average ¢f\the results taken as the thicknes

ins of a
es, two
average

imately
ickness
e made
bS.

in 12.5

it shall

16.7.3 | Requirements

The dimlensions of armour wires and tapeshall not fall below the nominal values giver
by more than:

— 5 % {for round wires;

— 8 % [for flat wires;

— 10 % for tapes.

16.8 Measurement of-external diameter

If the mpasurementtof the external diameter of the cable is required as a sample test
be carried out in-accordance with [IEC 60811-203.

16.9 Hot/set test for EPR, HEPR and XLPE insulation and elastomeric sheaths
16.9.1 Procedure

The sampling and test procedure shall be carried out in accordance with IEC 60811-507,
employing the conditions given in Table 17 and Table 22.

16.9.2

Requirements

The test results shall comply with the requirements given in Table 17 for EPR, HEPR and XLPE
insulation, and in Table 22 for SE, sheaths.
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17 Type tests, electrical

17.1 General

A sample of completed cable, 10 m to 15 m in length, shall be subjected to the following tests,

applied

a) insu

successively:

lation resistance measurement at ambient temperature (see 17.2);

b) insulation resistance measurement at maximum conductor temperature in normal operation
(see 17.3);

c) voltage test for 4 h (see 17.4).

Cables
separat

The tesis shall be limited to not more than three cores.

17.2 Insulation resistance measurement at ambient temperature

17.2.1

This tes

All oute

temperdture for at least 1 h before the test.

The DC

to reach a reasonably steady measurement, \but in any case for not less than 1 min
more than 5 min.

The measurement shall be made between each conductor and the water.

If requepted, measurement may_be confirmed at a temperature of (20 + 1) °C.

17.2.2 | Calculations

The volume resistiyity-shall be calculated from the measured insulation resistance
following formula:

where

p isth
R isth
[ isth
D isth
d isth

of a rated voltage of 1,8/3 (3,6) kV shall also be subjected to an impulse’tg
b sample of completed cable, 10 m to 15 m in length (see 17.5).

Procedure

t shall be made on the sample length before any otherelectrical test.

r coverings shall be removed and the cores shall be immersed in water at

test voltage shall be between 80 V and®d00 V and shall be applied for a suffici

st on a

ambient

ent time
and not

by the

_2xmxI]xR
p_—

e volume resistivity, in ohms centimetres;

e measured insulation resistance, in ohms;

e length of the cable, in centimetres;

e outer diameter of the insulation, in millimetres;

e inner diameter of the insulation, in millimetres.

The insulation resistance constant, K;, expressed in megaohms x kilometres [MQ - km] may

also be

calculated, using the formula:
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_1><R><‘10_11

= =10"" x 0,367 x p
Iog7

K;

NOTE For the cores of shaped conductors, the ratio D/d is the ratio of the perimeter over the insulation to the
perimeter over the conductor.

17.2.3 Requirements

The values calculated from the measurements shall be not less than those specified in Table 13.

17.3 Insulation resistance measurement at maximum conductor temperature

17.3.1 | Procedure

The corgs of the cable sample shall be immersed in water at a temperature within"+2 K of the
maximum conductor temperature in normal operation for at least 1 h before the.test.

The DC|test voltage shall be 80 V to 500 V and shall be applied for a sufficient time to|reach a
reasongbly steady measurement, but in any case for not less than 4 min and not m¢re than
5 min.

The measurement shall be made between each conductor and)the water.

17.3.2 | Calculations

The volime resistivity and/or the insulation resistance constant shall be calculated from the
insulatign resistance by the formulae given in 17.2:2.

17.3.3 | Requirements

The valyes calculated from the measuréments shall be not less than those specified in Table 13.

17.4 Vpoltage test for 4 h
17.4.1 | Procedure

The corgs of the cable(sample shall be immersed in water at ambient temperature for|at least
1 h befgre the test.

A powef frequency voltage equal to 4 U, shall then be gradually applied and maijntained
continugusly for 4 h between each conductor and the water.

17.4.2 "Requirements

No breakdown of the insulation shall occur.

17.5 Impulse test for cables of rated voltage 1,8/3 (3,6) kV
17.5.1 Procedure

This test shall be performed on the sample at a conductor temperature between 5 K and 10 K
above the maximum conductor temperature in normal operation.

The impulse voltage shall be applied in accordance with the procedure given in [IEC 60230 and
shall have a peak value of 40 kV.
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For multicore cables in which the cores are not individually screened, each series of impulses
shall be applied in turn between each phase conductor and all the other conductors connected
together and to earth.

17.5.2 Requirements

Each core of the cable shall withstand, without failure, 10 positive and 10 negative voltage
impulses.

18 Type tests, non-electrical

18.1 eneral

The nor-electrical type tests required by this document are given in Table 14.

18.2 Measurement of thickness of insulation
18.2.1 | Sampling

One sample shall be taken from each insulated cable core.

For cables having more than three cores with conductors of ‘equal nominal cross-section, the
number|of cores on which the measurement is made shall be limited to either thrge cores
or 10 %|of the cores, whichever is larger.

18.2.2 | Procedure

The measurements shall be made as described-in [EC 60811-201.

18.2.3 | Requirements
See 16.p.2.

18.3 Measurement of thickness of non-metallic sheaths (including extruded sepjfration
sheaths, but excluding inner coverings)

18.3.1 | Sampling

One sample of cable shall be taken.

18.3.2 | Procedure

Th 4 1 Nl ] ol H R [Tl a oYY W W
€ megasurements—Sharm e Made as gescribeamT=C o001

la¥aYal
=£VUZL.

18.3.3 Requirements
See 16.5.3.

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

18.4.1 Sampling

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

The ageing treatments shall be carried out as described in IEC 60811-401 under the conditions
specified in Table 15.

The tensile and bending tests after ageing with the copper conductor of Table 15 are only
applicable to 0,6/1 (1,2) kV cables. The bending test is only carried out on those cables for
which the insulation cannot be subjected to the tensile test.

NOTE The tensile and bending tests, carried out after ageing in the presence of a copper conductor, could be
preferred. However, no sufficient information has been obtained to date to make these requirements mandatory,
except by agreement between the purchaser and the manufacturer.

18.4.3 | Conditioning and mechanical tests

Conditigning and the measurement of mechanical properties shall be carried out,as d¢scribed
in IEC §0811-501.

18.4.4 | Requirements

The test results for aged and unaged test pieces shall comply with the requirements given in
Table 1

O

18.5 Tpests for determining the mechanical properties of non-metallic sheaths before
ahd after ageing

18.5.1 | Sampling

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

18.5.2 | Ageing treatments

The agding treatments shall be carried out as described in IEC 60811-401, under the conditions
specified in Table 18.

18.5.3 | Conditioning and-mechanical tests

Conditigning and thesmeasurement of mechanical properties shall be carried out as d¢scribed
in IEC 60811-501,

18.5.4 | Requirements

The test results for aged and unaged test pieces shall comply with the requirements lgiven in
Table 18.

18.6 Additional ageing test on pieces of completed cables
18.6.1 General

This test is intended to check that the insulation and non-metallic sheaths are not liable to
deteriorate in operation due to contact with other components in the cable.

The test is applicable to cables of all types.

18.6.2 Sampling

Samples shall be taken from the completed cable as described in IEC 60811-401.
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18.6.3 Ageing treatment

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

— temperature: (10 £ 2) K above the maximum conductor temperature of the cable in normal
operation (see Table 15);

— duration: 7 x 24 h.

18.6.4 Mechanical tests

Test pieces of insulation and oversheath from the aged pieces of cable shall be prepared and
SUbjeCt’ tHo-meechanicattestsas—deseribedHr1EC66844-464

18.6.5 | Requirements

The varjations between the median values of tensile strength and elongation-at-brejak after
ageing And the corresponding values obtained without ageing (see 18.4 ‘and 18.5) ghall not
exceed [the values applying to the test after ageing in an air oven speeified in Table 15 for
insulatign, and Table 18 for non-metallic sheaths.

18.7 Lpss of mass test on PVC sheaths of type ST,
18.7.1 | Procedure

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

18.7.2 | Requirements

The tes{ results shall comply with the requirements given in Table 19.

18.8 Pressure test at high temperature on insulation and non-metallic sheaths
18.8.1 | Procedure

The prepsure test at high temperature shall be carried out in accordance with IEC 60811-508,
employipg the test conditions given in the test method and in Table 16, Table 19, Tablg 20 and
Table 21.

18.8.2 | Requirements

The tes{ results*shall comply with the requirements given in IEC 60811-508.

18.9 Tes mpdratures

18.9.1 Procedure

The sampling and test procedures shall be in accordance with IEC 60811-504, IEC 60811-505
and IEC 60811-506, employing the test temperature specified in Table 16, Table 19 and
Table 21.

18.9.2 Requirements

The results of the test shall comply with the requirements given in Table 16, Table 19 and
Table 21.
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18.10 Test for resistance of PVC insulation and sheaths to cracking (heat shock test)
18.10.1 Procedure

The sampling and test procedure shall be in accordance with IEC 60811-509, the test
temperature and duration being in accordance with Table 16 and Table 19.

18.10.2 Requirements

The results of the tests shall comply with the requirements given in IEC 60811-509.

18.11 Ozone resistance test for EPR and HEPR insulation

18.11.1| Procedure

The sampling and test procedure shall be carried out in accordance with IEC 60811-403. The
ozone cpncentration and test duration shall be in accordance with Table 17.

18.11.2| Requirements

The resllts of the test shall comply with the requirements given in {EC 60811-403.

18.12 Hot set test for EPR, HEPR and XLPE insulation and elastomeric sheaths

The sampling and test procedure shall be carried out infaceordance with 16.9 and shal|l comply
with its fequirements.

18.13 Qil immersion test for elastomeric sheaths
18.13.1| Procedure

The sampling and test procedure shall be carried out in accordance with IEC 60811-404,
employipg the conditions given in Table 22.

18.13.2| Requirements

The resllts of the test shalkeomply with the requirements given in Table 22.

18.14 Water absorption test on insulation
18.14.1| Procedure

The sampling’ and test procedures shall be carried out in accordance with IEC 60811-402,
employipg.the conditions and method specified in Table 16 or Table 17, respectively.

18.14.2 Requirements

The results of the test shall comply with the requirements specified in IEC 60811-402 or
Table 17, respectively.

18.15 Fire tests
18.15.1 Flame spread test on single cables

This test shall be carried out on ST4, ST,, or SE, oversheathed cables only when such a fire
performance is specially required or declared.

The test method and requirements shall be those specified in IEC 60332-1-2.
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18.15.2

This tes

Flame spread test on bunched cables

t shall be carried out on STg oversheathed halogen free cables.

The test method and requirements shall be those specified in IEC 60332-3-24.

18.15.3

This tes

Smoke emission test

t shall be carried out on STg oversheathed halogen free cables.

The test method and requirements shall be those specified in IEC 61034-2.

18.15.4
18.15.4

This tes|
cables.

18.15.4

The tesf

18.15.4

The res

18.15.5
18.15.5

This tes|
cables.

18.15.5

The test

18.15.5

The res

Acid gas emission test
1 General

t shall be carried out on the non-metallic components of STg oversheathed halo

2 Procedure

method shall be that specified in IEC 60754-1.

3 Requirements

Lits of the test shall comply with the requirements of Table 23.

pH and conductivity test
1 General

t shall be carried out on the non-metallic components of STg oversheathed halo

2 Procedure

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

3 Requirements

Lits ofithe test shall comply with the requirements of Table 23.

18.15.6

Fluorine content test

jen free

jen free

18.15.6.

1 General

This test shall be carried out on the non-metallic components of STg oversheathed halogen free

cables.

18.15.6.2 Procedure

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

18.15.6.3 Requirements

The results of the test shall comply with the requirements of Table 23.
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18.16 Measurement of carbon black content of black PE oversheaths

18.16.1

Procedure

EC 2021

The sampling and test procedure shall be carried out in accordance with IEC 60811-605.

18.16.2

Requirements

The results of the test shall comply with the requirements of Table 20.

18.17 S

18.17.1

The sarIpling and test procedure shall be carried out in accordance with IEC 60814+5(

the con

18.17.2

The res

18.18 S
18.18.1

This te
1,8/3 (3
over theg

18.18.2

The san
temperd
tolerang
unwoun
the revs

This cy
cylinder
normal

After thg
in accor

hrinkage test for XLPE insulation

D 'l
rrocecuurc

itions specified in Table 17.

Requirements

Llts of the test shall comply with the requirements of Table 17¢

pecial bending test
General

5t shall be made on multicore cables with frated voltages of 0,6/1 (1,2)
6) kV, having a collective metallic layer in.the form of metallic tapes applied
assembled cores and omitting the inner covering.

Procedure

nple shall be bent around a test cylinder (for example, the hub of a drum) at
ture for at least one complete turn. The diameter of the cylinder shall be 7 D w
e, where D is the actual external diameter of the cable sample. The cable shall
1 and the process shall be repeated except that the bending of the sample sh
rse direction.

Cle of operations;shall be carried out three times. The sample, left bent arg
shall then be\placed in an air oven heated to the maximum conductor tempef
pperation ©Of-the cable for 24 h.

b cablerhas cooled down, and while it is still bent, the voltage test shall be calf
darce with 15.3.

2 under

kV and
directly

ambient
th £5 %
then be
all be in

und the
ature in

ried out

18.18.3

No brea

18.19 D

18.19.1

Requirements

kdown shall occur and the oversheath shall show no sign of cracking.
etermination of hardness of HEPR insulation
Procedure

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

18.19.2

Requirements

The results of the test shall comply with the requirements of Table 17.
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18.20 Determination of the elastic modulus of HEPR insulation
18.20.1 Procedure

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

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

The elastic modulus shall be the median value.

18.20.2| Requirements

The resllts of the test shall comply with the requirements of Table 17.

18.21 Shrinkage test for PE oversheaths
18.21.1| Procedure

The sarIpIing and test procedure shall be carried out in accordance with IEC 60811-5(03 under
the conditions specified in Table 20.

18.21.2| Requirements

The resjlts of the test shall comply with the reguifements of Table 20.

18.22 Aldditional tests on halogen free oversheaths
18.22.1| General

These tests are intended to check.that the halogen free oversheaths are not liable to damage
during installation and operation-

18.22.2| Water absorption test for halogen free oversheaths
18.22.2)]1 Procedure

The sampling«and test procedure shall be carried out in accordance with IEC 60811-402
employipg the conditions and method specified in Table 21.

18.22.2.2—Requirements

The results of the test shall comply with the requirements of Table 21.
18.22.3 Abrasion test on STg halogen free oversheaths

Test method and requirements are under consideration.

19 Electrical tests after installation

Tests after installation are made, if required, when the installation of the cable and its
accessories has been completed.

A DC voltage equal to 4 U, shall be applied for 15 min.
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NOTE Electrical tests on repaired installations are subject to installation requirements. The above test is for new
installations only.

Table 13 — Electrical type test requirements for insulating compounds

Designation of compounds EPR/
Unit PVC/A HEPR XLPE
(see 4.2)
Maximum conductor temperature in normal operation °C 70 90 90
(see 4.2)
Volume resistivity p
— at 20 °C (see 17.2) Q- cm 1013 - -
— at mlaximum conductor temperature in normal operation Q- cm 1010 1012 1012
(seg 17.3)
Insulatign resistance constant X;
— at20 °C (see 17.2) MQ - km 36,7 - -
— at maximum conductor temperature in normal operation MQ - km 0,037 3,67 3,67
(see[17.3)
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Table 14 — Non-electrical type tests
(see Tables 15 to 23)

Insulation

Sheaths

Designation of compounds
(see 4.2 and 4.3)

PVC/A

EPR

HEPR

XLPE

PVC

PE

ST

ST

ST

3

ST

7

ST SE

Dimensions

Measurements of thickness
Mechanical properties

(tensile
break)

strength and elongation-at-

Without ageing

After ageg

After ag
cable

ing in air oven
ping of pieces of complete

After imnj
Thermop
Hot pres
Behaviol
Miscellan
Loss of n
Heat sho
Ozone r¢g

ersion in hot oil
astic properties

ure test (indentation)
r at low temperature
eous

hass in air oven

ck test (cracking)
sistance test

Hot set t
Water ab
Shrinkag
Carbon 4
Determin
Determin

pSt

sorption

E test

lack content @

ation of hardness

ation of elastic modulus

X X | X

Fire testq

Flame sg
required

Flame sp
Smoke e
Acid gas
pH and ¢
Fluorine

read test on single cables (if

read test on bunched cables
Mission test on cables
emission test

onductivity

content test

X X X X X
|

Key
X indicatg

— indicat

s that the type-test is to be applied.
bs that the'type test is not to be applied.

2 Forb

ack oversheaths only.

b Indic

tes that the test is only required for EPR,

HEPR and XLPE when the cable is claimed to be halogen free.
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Table 15 — Test requirements for mechanical characteristics
of insulating compounds (before and after ageing)

Unit [PVC/A EPR HEPR XLPE
Designation of compounds 0,6/1(1,2) kv| All |0,6/1(1,2) kv| All |0,6/1(1,2) kV| All
(see 4.2) cables with | other | cables with | other | cables with | other
copper cables copper cables copper cables
conductors conductors conductors
Maximum conductor °C 70 90 90 90 90 90 90
temperature in normal
operation (see 4.2)
Without ageing
(IEC 60811-501)
Tensile sfrength, minimum N/mm<| 12,5 4,2 4,2 8,5 8,5 12,5 12,5
Elongatign-at-break, % 150 200 200 200 200 200 200
minimum
After ageling in an air oven
(IEC 608[11-401)
After ageing without
conductof
Treatment:
— tempefature °C 100 135 135 135 135 135 135
— tolerar|ce K +2 +3 +3 +3 +3 +3 +3
— duratign h 168 168 168 168 168 168 168
Tensile sfrength
a) value after ageing, IN/mm?2| 12,5 - - - - - -
minimpm
b) variatipn @, maximum % +25 +30 +30 +30 +30 +25 +25
Elongatidn-at-break:
a) value after ageing, % 150 - - - - - -
minimpm
b) variatipn 2, maximum % +25 +30 +30 +30 +30 +25 +25
After adeing with copper -
conductof followed by the
tensile tefst P
Treatment:
— tempefature °C - 150 - 150 - 150 -
— tolerarjce K - +3 - +3 - +3 -
— duratign h - 168 - 168 - 168 -
Tensile strength:
Variation|@, maximum % - +30 - +30 - +30 -
Elongatidn-at-break:
Variation|2, maximum % - +30 - +30 - +30 -
After adeifd, with copper
conducto followed by
bending test (only if the
tensile test is not practicable)
b
Treatment:
— temperature °C - 150 - 150 - 150 -
— tolerance K - +3 - +3 - +3 -
— duration h - 240 - 240 - 240 -
Results to be obtained - No cracks - No cracks - No cracks -

@ Variation: difference between the median value obtained after ageing and the median value obtained without
ageing expressed as a percentage of the latter.

b See 18.4.2.
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Table 16 — Test requirements for particular characteristics

—39-

of PVC insulating compounds

Designation of compound Unit PVC/A
(see 4.2)

Use of the PVC compound Insulation
Pressure test at high temperature

(IEC 60811-508)

— temperature (tolerance +2 K) °C 80

— requirement: maximum indentation value % 50
Behaviour at low temperature @

(IEC 60811-504, IEC 60811-505)

Test to he carried out without previous ageing:

— cold hBending test for diameter < 12,5 mm

— tempgrature (tolerance +2 K) °C -15

— requinement no dracks
Cold elopgation test on dumb-bells:

— tempgrature (tolerance +2 K) °C -15

— requinement % =(20
Heat shock test

(IEC 60811-509)

— tempgrature (tolerance 3 K) °C 150

— duratipn h 1

— requinement no dracks
Water absorption

(IEC 60811-402)

Electricgl method:

— tempgrature (tolerance +2 K) °C [0

— duratipn h 240

— requinement no brefpkdown

a8 Due [to climatic conditions, national standards may require the use of a lower temperature.
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Table 17 — Test requirements for particular characteristics of

various cross-linked insulating compounds

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

0,030 0,030 -
Test duration without cracks h 24 24 -
Hot set test (IEC 60811-507)
Treatmenpt:
— air temperature (tolerance +3 K) °C 250 250 200
— mechgnical stress N/cm? 20 20 20
Maximum elongation under load % 175 175 175
Maximum permanent elongation after cooling % 15 15 15
Water alsorption
(IEC 60811-402)
Gravimefric method:
Treatment:
— tempefature (tolerance +2 K) °C 85 85 85
— duratipn h 336 336 336
Maximum increase of mass mg/cm? 5 5 12
Shrinkadle test
(IEC 60811-502)
Distance| L between marks mm - - 200
Treatment:
— tempefature (tolerance +3 K) °C - - 130
— duratipn h - - 1
Maximum shrinkage % - - 4
Determination of hardness
(see Annex C)
IRHD ®, minimum - 80 -
Determination of elastic modylus
(see 18.20)
Modulus|at 150 % elongation, minimum N/mm?2 - 4,5 -
a  Anincrease gréater than 1 mg/cm? is being considered for densities of XLPE greater than 1 g/cm?.
b |RHD: international rubber hardness degree.
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Table 18 — Test requirements for mechanical characteristics of
sheathing compounds (before and after ageing)

Designation of compound . ST ST ST ST ST SE
(see 4.3) Unit 1 2 3 7 8 1
Maximum conductor temperature °C 80 90 80 90 90 85
in normal operation (see 4.3)

Without ageing

(IEC 60811-501)

Tensile strength, minimum N/mm?2 12,5 12,5 10,0 12,5 9,0 10,0
Elongation-at-break, minimum % 150 150 300 300 125 300
After aggimmgimammair oven

(IEC 60811-401)

Treatment:

— tempefature (tolerance 12 K) °C 100 100 100 110 100 100
— duratipn h 168 168 240 240 168 168
Tensile gtrength:

a) value|after ageing, minimum N/mm?2 12,5 12,5 — - 9,0 -
b) variafion @, maximum % +25 +25 = - +40 +30
Elongatign-at-break:

a) value|after ageing, minimum % 150 150 300 300 100 250
b) variafion @, maximum % 125 £25 - - +40 140
a8 Variation: difference between the median value obtained after”treatment and the median valud without

treatment, expressed as a percentage of the latter.
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Table 19 — Test requirements for particular characteristics
of PVC sheathing compounds

Designation of compound . ST ST
(see 4.3) Unit 1 2
Use of the PVC compound Sheath

Loss of mass in an air oven

(IEC 60811-409)

Treatment:

— temperature (tolerance 2 K) °C - 100
— duration h - 168
Maximunptoss—ofmass lllgl’blll’) 115
Pressurd test at high temperature

(IEC 60811-508)

— temperfature (tolerance 12 K) °C 80 90
— requirgment: maximum indentation value % 50 50
Behavioyr at low temperature @

(IEC 608/11-504, IEC 60811-505 and IEC 60811-506)

Test to be carried out without previous ageing:

— cold bending test for diameter < 12,5 mm

— temperature (tolerance +2 K) °C -15 -15
— requirément no cracks ng cracks
Cold elopgation test on dumb-bells:

— tempefature (tolerance +2 K) °C -15 -15
— requirément % =20 =20
Cold impjact test:

— tempefature (tolerance +2 K) °C -15 -15
— requirément no cracks ng cracks
Heat shqck test

(IEC 608/11-509)

Treatment:

— tempefature (tolerance 3 K) °C 150 150
— duratipn h 1 1
— requirgment no cracks ng cracks
2 Due fo climatic conditions\national standards may require the use of a lower temperature.
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Table 20 — Test requirements for particular characteristics of
thermoplastic PE sheathing compounds

Designation of compound . ST ST
(see 4.3) Unit 3 7
Density @
(IEC 60811-606)
Carbon black content
(for black oversheaths only)
(IEC 60811-605)
Nominal value % 2,5 2,5
Tolerance % +0,5 +0,5
Shrinkadle test
(IEC 60811-503)
Treatment:
— tempefature (tolerance +2 K) °C 80 80
— heating, duration h 5 5
— heating, cycles 5 5
Maximum shrinkage % 3 3
Pressureg test at high temperature
(IEC 60811-508)
— temperature (tolerance +2 K) °C - 110
— requirgment: maximum identation value % - 50
2 The measurement of density is only required for the purpose _of\other tests.
Table 21 — Test requirements for particular characteristics of
halogen free sheathing compounds

Designation of compound Unit ST}
Behaviolr at low temperature @
(IEC 60811-504, =505 and -506)
Test to e carried out without previous“ageing:
— cold hBending test for diameter'<s12,5 mm
— tempgrature (tolerance +2(K) °C -1%
— requinement no crgcks
Cold elopgation test enidumb-bells:
— tempgrature (tolerance 2 K) °C -1%
— requinement % =20
Cold impact test:
— temparature (folerance +2 K) °C =15
— requirement no cracks
Pressure test at high temperature
(IEC 60811-508)
— temperature (tolerance +2 K) °C 80
— requirement: maximum identation value % 50
Water absorption
(IEC 60811-402)
Gravimetric method:
Treatment:
— temperature (tolerance +2 K) °C 70
— duration h 24
Maximum increase of mass mg/cm? 10

a8 Due to climatic conditions, national standards may require the use of a lower temperature.
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Table 22 — Test requirements for particular characteristics of
elastomeric sheathing compounds

Designation of compound . SE
(see 4.3) Unit 1
Oil immersion test followed by a determination of the mechanical

properties

(IEC 60811-404 and IEC 60811-501)

Treatment:

— oil temperature (tolerance +2 K) °C 100
— duration h 2
Maximurh variation 2 of:

a) tensile strength % 4
b) elongfation-at-break % 4
Hot set tpst

(IEC 60811-507)

Treatment:

— tempefature (tolerance £3 K) °C 20
— mechgnical stress N/cm? 20
Maximum elongation under load % 17%
Maximum permanent elongation after cooling % 15

@ Varigtion: difference between the median value obtained after treatment and the median valug without

treatment, expressed as a percentage of the latter.

Table 23 — Test methods and requirements for halogen free compounds

Test method Unit Requirgment
Acid gag emission test
(IEC 60154-1)
Bromine|and chlorine content (expressed as HCI), maximum % 0,5
Fluorine|content test
(IEC 60684-2)
Fluorine|content, maximum % 0,1
pH and gonductivity test
(IEC 60154-2)
pH, minimum 4,3
Conductjvity,(maximum puS/mm 10
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Annex A
(normative)

Fictitious calculation method for determination
of dimensions of protective coverings

A.1 Overview

The thickness of cable coverings, such as sheaths and armour, has usually been related to

nominal

cable diameters by means of "step-tables".

This smlnetimes causes problems. The calculated nominal diameters are not necess

same a

the thicl

5 the actual values achieved in production. In borderline cases, queries-can

diametefr is slightly different. Variations in shaped conductor dimghsions

manufa

tturers and different methods of calculation cause differences in nominal diame

may thefefore lead to variations in the thicknesses of coverings used onh the same basi

of cable|.

To avoid these difficulties, the fictitious calculation method shall be used. The idea is t

the sha
formula
number

b based on the cross-sectional area of conductdrs; nominal insulation thickn
of cores. Thicknesses of sheath and other coverings are then related to the {

diametefrs by formulae or by tables. The method of calculating fictitious diameters is p

specifie

d and there is no ambiguity about the thicknesses of coverings to be used, w

indepenident of slight differences in manufacturing’practices. This standardizes cable
thicknegses being pre-calculated and specified for each conductor cross-section.

The fictitious calculation is used only to.determine dimensions of sheaths and cable co|

It is not
which s

a replacement for the calculation of actual diameters required for practical pt
nould be calculated separately.

A.2 General

The foll

bwing fictitious“method of calculating thicknesses of various coverings in a c3

been adqopted to ensure that any differences which can arise in independent calculat
examplg due to~the assumption of conductor dimensions and the unavoidable diff]
between nomipal and actually achieved diameters, are eliminated.

All thickness values and diameters shall be rounded in accordance with the rules in An

the first

arily the
arise if

ness of a covering does not correspond to the actual diameter because the calculated

between
ters and
C design

b ighore

be and degree of compaction of conductors and to calculate fictitious diameters from

ess and
ictitious
recisely
hich are
lesigns,

verings.
rposes,

ble has
ons, for
erences

hex B to

decimal figure.

Holding strips, for example counter helix over armour, if not thicker than 0,3 mm, are neglected

in this ¢

alculation method.

A.3 Method

A.3.1

Conductors

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

A.3.2

Nominal cross-section d Nominal cross-section d
of conductor L of conductor L

mm? mm mm?2 mm

1,5 1,4 95 11,0

2,5 1,8 120 12,4

4 2,3 150 13,8

6 2,8 185 15,3

10 3,6 240 17,5

16 %475 360 1975

25 5,6 400 22,6

35 6,7 500 25,2

50 8,0 630 28,3

70 9,4 800 31,9

1000 35,7

Cores

The fictitious diameter D of any core is given by:

where ¢

If a me
accordd

A.3.3

DC = dL + 2 ti
is the nominal thickness of insulationy in millimetres (see Table 5 to Table 7).

al screen or a concentric conductor is applied, a further addition shall be
nce with A.3.5.

Diameter over laid-up cores

The fictitious diameter overlaid-up cores (Dy) is given by:

a) ford

whe

ables having.all-conductors of the same nominal cross-sectional area:
Df = kDC

ethe assembly coefficient k is as given in Table A.2.

H AN =l 2l

made in

b) for f

Kl H 2l F '
UUT=-CUTT LauTCS WitiT UTTC CUTTUUCTUT WitIT TCUUUL T U CLTUSSTSTUTIUIT.

— 2,42 (3 Dc1 + DCZ)
4

Dy

where

c1

Dc2

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

any, in millimetres;

is the fictitious diameter of the conductor with reduced cross-section including the

insulation or covering, if any, in millimetres.
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