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(Um - |52 I(U) anmd-3kV (tm - 336 k‘V.)
FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
alllnational electrotechnical committees (IEC National Committees). The object of IEC is topromote intern
cotoperation on all questions concerning standardization in the electrical and electronig.fields. To this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as(“lEC Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee intérested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with‘the International Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express,vas nearly as possible, an interns
cohsensus of opinion on the relevant subjects since each technieal committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for intérnational use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts areximade to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Public
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢g
anly IEC Publication and the corresponding natienal or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation*0f conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC(onits directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of\'the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
indispensable for'the correct application of this publication.

At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
rights. IE€-shall not be held responsible for identifying any or all such patent rights.

rising
tional
d and
ports,
Their
It with
aising
on for
pns.

tional
bm all

tional
bf IEC
r any

ations
tween
latter.

brmity
br any

s and
hge or
) and
r IEC

bns is

patent

IEC 60502-1:2004+AMD1:2009 CSV. A vertical bar appears in the m

de to
argin

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


https://iecnorm.com/api/?name=7c9eb32ef9e033293c2d3de894db542e

IEC 60502-1:2021 RLV © IEC 2021 -5-

IEC 60502-1 has been prepared by IEC technical committee 20: Electric cables. It is an
International Standard.

This third edition cancels and replaces the second edition published in 2004 and
Amendment 1:2009. This edition constitutes a technical revision.

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

a) referencesto IEC 60811 (all parts) have been updated and mechanical testing requirements
specific to halngpn free low-smaoke oversheath of material type STG 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;

d) items which were earlier marked as "under consideration” were studied |either fgr an

appropriate solution if found available, or for removal for the time being.

The fext 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 folnd in the report on voting indicafed in
the apove table.

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

This [document was drafted in accordance with ISO/IEC Directives, Part 2, and developged in
accofdance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement, avalilable
at wyw.iec.ch/members_experts/refdacs. The main document types developed by IEC are
descfibed in greater detail at www:i€¢.ch/standardsdev/publications.

A list of all parts in the IEC 60502 series, published under the general title Power cableg with
extruded insulation and their'd@ccessories for rated voltages from 1 kV (U, = 1,2 kV) up to 30 kV
(U, ¥ 36 kV) can be found on the IEC website.

The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e regconfirmed,

—

o wWithdrawn

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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document can also be used, if declared by the manufacturer, in DC distribution systems h
their [nominal voltage < 750 V DC (with a maximum of 900 V DC) bétween a live conducto
neutdal/earth, or <1 500 V DC (with a maximum 1 800 V DG)\between two live condug

App

installation regulations.

NOTE|1 Recommendations for preferred core colours for line/pnductors in DC systems are given in IEC §
Howeyer, local installation regulations for DC systems can already contain specific identification requirementg.

This
smo

Cab

overtiead networks, the mining industry, nuclear power plants (in and around the contain
area), submarine use or shipboard-application, or cables directly connected to photov
systgms.

NOTE|2 Cables for photovoltaic systems are covered by IEC 62930.
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constitutes_requirements of this document. For dated references, only the edition cited ap
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cope

art of IEC 60502 specifies the construction, dimensions and test requirements of p
s with extruded solid insulation for rated AC voltages of 1kV (U, = 1;2kV) and

3,6 kV) for fixed installations such as distribution networks or industrial installations.

Ies of rated AC voltage 1 kV (U, = 1,2 kV) designed and tested (n‘'accordance with

licable core identification for DC systems are considéred in accordance with

Ke emission and halogen-free gas emission when exposed to fire.

Ies for special installation and serviée conditions are not included, for example cablg

Normative referénces

flollowing-decuments are referred to in the text in such a way that some or all of their co

undated references, the latest edition of the referenced document (including
ndments) applies.

ower
3 kV

this
bving
r and
tors.
local

0445.
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IEC 60060-1:4989, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC

IEC

IEC

60183:4984, Guidance for the selection of high-voltage A.C. cable systems
60228:4978, Conductors of insulated cables

60230:4966, Impulse tests on cables and their accessories
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Part 1-2: Test

Tests on electric and optical fibre cables under fire conditions —

1-2,

IEC 60332-

for vertical flame propagation for a single insulated wire or cable — Procedure for 1 kW

pre-mixed flame

24:

Part 3

Tests on electric and optical cables under fire conditions —

-3-24:2000

IEC 60332

Category C

mounted bunched wires or cables —

Test for vertical flame spread of vertically
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IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic materials

Part

201: General tests — Measurement of insulation thickness

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

Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part
shea

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

kK UZ. Gerierdl t1esSts — vieasurerrierit Or triiCKress or rnori-rrietallic sriealtrl A

0811-203, Electric and optical fibre cables — Test methods for non-metallic Q?[/er
P03: General tests — Measurement of overall dimensions (1/'\
Q

0811-401, Electric and optical fibre cables — Test methods for non-iiq’;killic mater
101: Miscellaneous tests — Thermal ageing methods — Ageing in agvr oven

0811-402, Electric and optical fibre cables — Test methods@non-meta//ic mater
H02: Miscellaneous tests — Water absorption tests Q

0811-403, Electric and optical fibre cables — Test n—éﬁhods for non-metallic mater
H03: Miscellaneous tests — Ozone resistance test GQ cross-linked compounds

0811-404, Electric and optical fibre cables §%st methods for non-metallic mater
H04: Miscellaneous tests — Mineral oil imm&(@:on tests for sheaths

H09: Miscellaneous tests — Loss of gnass test for thermoplastic insulations and sheat
4\
0811-501, Electric and optic@ibre cables — Test methods for non-metallic mater

%
0811-409, Electric and optical fibggﬁes — Test methods for non-metallic mater

.

thing compounds C)\\

0811-502, Electr'@na optical fibre cables — Test methods for non-metallic mater
602: MechanicaJ) ts — Shrinkage test for insulations

081 1-50@ctric and optical fibre cables — Test methods for non-metallic mater
603: Me@ nical tests — Shrinkage test for sheaths

S

3 Q504, Electric and optical fibre cables — Test methods for non-metallic mater

als

als

als

als

als

als

hs

als

als

als

als

- Machani o Baendinag ta o temnag o fo n on nd shaathd

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

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

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

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

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

IEC ¢
Part

IEC ¢

ISO 4
Hard

3 1

For t

ISO Ind IEC maintain terminological databases fow use in standardization at the folld

addr

i

[

° (N

3.1

3.1.1
nom
value

Note 1
taking

3.1.2
appr
valug
other

1034-2, Measurement of smoke density of cables burning under defined conditi
P: Test procedure and requirements

2230, Electric cables — Spark-test method

hess between 10 IRHD and 100 IRHD

‘erms and definitions

ne purposes of this document, the following terms and.definitions apply.

SSes:

EC Electropedia: available at http://wwwetéctropedia.org/

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

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

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

to entry: Usually,lin)this document, nominal values give rise to values to be checked by measure]
into account specifiéd tolerances.

pximate value
whieh.is neither guaranteed nor checked but is used, for example, for the calculati
dimensional values

ns —

18-2:2018, Rubber, vulcanized or thermoplastic — Determination_©f’hardness — Part 2:

wing

ments

on of

3.1.3
medi

an 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
fictit

ious value

value calculated in accordance with the "fictitious method" described in Annex A
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3.2 Definitions relating to tests

3.2.1

routine test

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

3.2.2

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

3.2.3
type|test
test nade before supplying, on a general commercial basis, a type of cable ‘covered by this
document, in order to demonstrate satisfactory performance characteristics to meej the
intended application

Note 1 to entry: TFhese Type tests are of such a nature that, after they have been;made, they need not be repgated,
unlesy changes are made in the cable materials or design or manufacturing process which might change the
performance characteristics.

3.2.
elecfrical test after installation
test jhade to demonstrate the integrity of the cable and. its accessories as installed

4 Voltage designations and materials

4.1 Rated voltages
4.1.1 Rated AC voltages

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

NOTE|1 The voltages giventabove are the correct designations although in some countries other designatiops are
used, fe.g. 1,7/3 kV or 1,9/8,3/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, ig the rated)RMS power frequency voltage between conductor and earth or metallic sgreen
fqr which the cable is designed;

U i thérated RMS power frequency voltage between conductors for which the cable is
d35|gnec'

m IS the maximum-v : e :
ueed—(—see—tEG—@@O%—) RMS power frequency voltage between conductors for WhICh the
cable is designed.

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):
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— Category A:

— Category B:

— Category C:

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.

this category comprises those systems which, under fault conditions, are
operated for a short time with one phase earthed. This period, 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 on any
occasion, can be tolerated. The total duration of earth faults in any year
should not exceed 125 h.

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

NOTE
extra

3 H-should-be-realized-that In a system where an earth fault is not automatically and promptly“isolatdd, the

btresses on the insulation of cables during the earth fault reduce the life of the cables to arcertain degree. If
the syptem is expected to be operated fairly often with a permanent earth fault, it-may can be_adyisable to c|assify

the syptem in Category C.
The yalues of U, recommended for cables to be used in three-phase! systems are listed in
Table 1.

Table 1 — Recommended rated AC voltages U,

Highest system voltage Rated voltage (U,)
(Uy)
kV kV
Categories Aand B Category C
1,2 0,6 0,6
3,6 1,8 3,62
a8 This category is covered ~by 3,6/6 (7,2) kV cables in accordance with
IEC 60502-2.
4.1.2 Rated DC voltages
Undgr consideration.
4.2 | Insulating compounds
The fypes of insutating compound covered by this document are listed in Table 2, together with
their |abbreviated designations.
Table 2 — Insulating compounds
Insulating compound Abbreviated
designation
a) Thermoplastic

b) Cross-linked:

Polyvinyl chloride intended for cables with rated voltages Uy/U < 1,8/3 kV PVC/A @

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

@ Insulating compound based on polyvinyl chloride intended for cables with rated AC voltages Uy/U = 3,6/6 kV
is designated PVC/B in IEC 60502-2.
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The maximum 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-circuit
Normal operation (5 s maximum
duration)
PolyymytThtortde (PVCTA)
Conductor cross-section < 300 mm? 70 160
Conductor cross-section > 300 mm? 70 140
Crosp-linked polyethylene (XLPE) 90 250
Ethylene propylene rubber (EPR and HEPR) 90 250

The femperatures in Table 3 are based on the intrinsic properties of\thie insulating materials. It

is im
curre

For ¢
conti
the th
its o
temp
adeq

For g

4.3

The 1
their

The
by th

bortant to take into account other factors when using these values for the calculati
nt ratings.

xample, in normal operation, if a cable directly buried in the ground is operated U
huous load (100 % load factor) at the maximum conductor temperature shown in Tal
ermal resistivity of the soil surrounding the cable may, in the course of time, increase

bn of

nder
le 3,
from

riginal value as a result of drying-out processes. As a consequence, the conductor

erature may greatly exceed the maximum valte. If such operating conditions are fores
uate provisions shall be made.

uidance on the short-circuit tempefatures, reference-sheould shall be made to IEC 60

Sheathing compounds

ypes of sheathing comgound covered by this document are listed in Table 4, togethe
abbreviated designations.

aximum conddctor temperatures for the different types of sheathing compound co
s document are given in Table 4.

been,

724.

with

ered
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Table 4 — Sheathing compounds and maximum conductor temperatures
for different types of sheathing compound

13—

Sheathing compound

Abbreviated
designation

Maximum conductor

temperature

in normal operation

°C
a) Thermoplastic:
Polyvinyl chloride (PVC) ST, 80
ST, 90
Polyethylene ST, 80
ST, 90
Halogen free STg 90
b) |Elastomeric:
Polychloroprene, chlorosulfonated polyethylene or SE, 85
similar polymers
5 Conductors
The ¢onductors shall be either of Class 1 or Class 2 of plain or metal-coated annealed caopper
or off plain aluminium or aluminium alloy, or of Class/5 of plain or metal-coated copper in
accofdance with IEC 60228.
6 Insulation
6.1 Material
The insulation shall be extruded dielectric of one of the types listed in Table 2.
For Nalogen free cables, thelinsulation shall also meet the requirements given in Table 23.
6.2 | Insulation thickness

The pominal insulation thicknesses are specified in Table 5 to Table 7.

The fhickness_of any separator shall not be included in the thickness of the insulation.
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Nominal cross-sectional area of
conductor

Nominal thickness of insulation at rated voltage

U, U (U,)
0,6/1 (1,2) kV 1,8/3 (3,6) kV

mm? mm mm
1,5 and 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) insulation

Nlominal cross-sectional area of
conductor

Nominal thickness of insulation at rated voltage

U, U(U,)

0,6/1 (1,2) kV 1,8/3 (3,6) kV
mm? mm mm
1,56 and 2,5 0,7 —
4 and 6 0,7 -
10 and 46 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
456 44 26
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
1 000 2,8 2,8
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Table 7 — Nominal thickness of ethylene propylene rubber (EPR)
and hard ethylene propylene rubber (HEPR) insulation

Nominal cross-sectional Nominal thickness of insulation at rated voltage
area of conductor U, U (U,)
0,6/1 (1,2) kV 1,8/3 (3,6) kV
EPR HEPR EPR HEPR
mm?2 mm mm mm mm
1,5and 2,5 1,0 0,7 - -
4 and 6 1,0 0,7 - -
10 and 16 1,0 0,7 2,2 250
25 and 35 1,2 0,9 2,2 2,0
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 2,0
120 1,6 1,2 24 2,0
150 1,8 1,4 24 2,0
185 2,0 1,6 2,4 2,0
240 2,2 1,7 2,4 2,0
300 2,4 1,8 2,4 2,0
400 2,6 2,0 2,6 2,0
500 2,8 2,2 2,8 2,2
630 2,8 2,4 2,8 2,4
800 2,8 2,6 2,8 2,6
2,8

7 Assembly of multicore cables, inner coverings and fillers

7.1 General

The assembly ofumulticore cables depends on the rated voltage and whether a metallic layer is
applipd to eachcscore.

The following Subclauses 7.2 to 7.4 do not apply to assemblies of sheathed single-core cables.

7.2 Inner coverings and fillers
7.21 Construction

The inner coverings may be extruded or lapped.

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.
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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.

For halogen free cables, the inner covering and fillers shall meet the requirements given in
Table 23.

7.2.3 Thickness of extruded inner covering

The approximate 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 covefring
Above Up to and including (approximate yalues)
mm mm mm
- 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 Thickness of lapped inner coverings

The gpproximate thickness of lapped inner coverings shall be 0,4 mm for fictitious diameters
over [aid-up cores up to and including 4@2mm and 0,6 mm for larger diameters.

7.3 | Cables with rated voltage 0;6/1 (1,2) kV
7.3.1 General

Cables with a rated voltage of 0,6/1 (1,2) kV may have a metallic layer collectively surrounding
the cpres.

NOTE| The choice~between cables having and cables not having a metallic layer depends upon national regulfations
and irfstallation/requirements for the prevention of possible dangers from mechanical damage or direct electrical
contagt.

7.3.2 Cables having a collective metallic 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.

Metallic tapes may, however, be applied directly over the assembled cores, omitting the inner
covering, provided that the nominal thickness of each tape does not exceed 0,3 mm and that
the completed cable complies with the special bending test specified in 18.18.

7.3.3 Cables having no collective metallic 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.
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The oversheath may penetrate into the interstices of the cores, except in the case of
thermoplastic oversheaths over circular cores exceeding 10 mm2.

If, however, an inner covering is applied, its thickness need not comply with 7.2.3 or 7.2.4.

7.4

7.4.1

Cables with rated voltage 1,8/3 (3,6) kV

General

Cables with a rated voltage of 1,8/3 (3,6) kV shall have a metallic layer surrounding the cores

eithe

7.4.2

Cabl

comgq

7.4.3

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

Cabl
unde

inner

When the underlying individual metaltic layers and.the collective metallic layer are of diff

mate
in 13
may

For g

(see
rema
exce

howd

8 Maetallic layers for single-core and multicore cables

The f

a) njetallie-screen (see Clause 9);

b) c

r individually or collectively.

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

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

Cables having a metallic layer over each individual core (sée .Clause 9)

ps with an additional collective metallic layer (see Clause’8) of the same material a
rlying individual metaliie layers shall have an inner covering over the laid-up cores
covering and fillers shall comply with 7.2 and shallbe non-hygroscopic.

rials, they shall be separated by an extrudéd sheath of one of the materials spe

be obtained by an inner covering in aceordance with 7.2.

ables having neither armour, nor\concentric conductor, nor other collective metalte
Clause 8), the inner coveringcmay be omitted, provided the outer shape of the

ins practically circular. Thejoversheath may penetrate into the interstices of the ¢
bt in the case of thermoplastic oversheaths over circular cores exceeding 10 mm
ver, an inner covering is_applied, its thickness need not comply with 7.2.3 nor 7.2.4.

ollowing types of metallic layers are included in this document:

bricentric conductor (see Clause 10);

shall

5 the
The

erent
cified

2. For lead-sheathed cables, the separation from the underlying individual metallic layers

layer
cable
pres,
2 |f,

c) lead sheath (see Clause 11);

d) metallie armour (see Clause 12).

The metallic layer(s) shall comprise one or more of the types listed above and shall be non-
magnetic when applied to either single-core cables or individual cores of multicore cables.

9 Metallic screen

9.1

Construction

The metallic 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).
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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 corrosion, not only for mechanical safety but also for electrical safety.

Gaps in the screen shall comply with national regulations and/or standards.

9.2 Requirements
The dimensional, physical and electrical requirements of the metallie screen shall be

detenmined-bynatioratregttations—andtorstandards——————

10 Concentric conductor

10.1| Construction

Gapd in the concentric conductor shall comply with national regulations.@and/or standards.

WheI choosing the material of the concentric conductor, special consideration shall be given
to the possibility of corrosion, not only for mechanical safety but also for electrical safety.

10.2| Requirements

The dimensional and physical requirements of thefconcentric conductor and its elegtrical
resistance shall be determined by national regulations and/or standards.

10.3| Application

When a concentric conductor is required,.if\shall be applied over the inner covering in the|case
of mylticore cables. In the case of single<core cables, it shall be applied either directly ovar the
insul@tion or over a suitable inner covering.

11 Metallie sheath

HMA4—Lead-sheath:

The g$heath shallkeonsist of lead or lead alloy and shall be applied as a reasonably tight-fitting
seanyless tube.

The rlvominal thickness shall be calculated using the following formula:

top = 0,03 Dy +0,7

where

fob is the nominal thickness of lead sheath, in millimetres;
Dg is the fictitious 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).
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-2 Othermetallic sheaths

12 Metallie armour

12.1

Types of metallic armour

The armour types covered by this document are as follows:

a) fl
b) r
c) d

NOTE|
galvan

12.2

Rour
alum

Tape
hot-

In th
cond
layer

When choosing the material of the armouf;:Special-considerationshallbe-given-to the poss

of cd
elect

The grmour of single-core cables for use on AC systems shall consist of non-magnetic mat

unleg

12.3
12.3.

In th
spec

ot \ira armaorie:
oo oo

bund wire armour;

puble tape armour.

For cables with a rated voltage of 0,6/1 (1,2) kV with conductor cross-sectional areas not exceeding §
ized steelwire braid armour-may can be provided by agreement between the manufacturer’and the purc

Materials

nium alloy.

s shall be of steel, galvanized steel, aluminium or aldminium alloy. Steel tapes sha
pr cold-rolled of commercial quality.

pse cases where the steel armour wire layertis required to comply with a min
Lictance, it is permissible to include sufficient)copper or tinned copper wires in the ar
to ensure compliance.

rrosion shall be taken into consideration, not only for mechanical safety, but als
rical safety, especially when th&armour is used as a screen.

s a special construction-is chosen.

Application of\armour
1 Single-core cables

e case\of single-core cables, an inner covering, extruded or lapped, of the thick
fied(in~7.2.3 or 7.2.4, shall be applied under the armour.

mm?2,
haser.

d or flat wires shall be of galvanized steel, copper or tinned copper, aluminium or

1l be

mum
mour

bility
o for

erial,

ness

12.3.

2 Multicore cables

In the case of multicore cables, the armour shall be applied on an inner covering complying with

7.2 e

12.3.

xcept for special applications using metallic tapes, see 7.3.2.

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-materials—specified-in13.2 the
types listed in Table 4.

The sheathing compound type shall be suitable for the operation temperature in accordance
with Table 4.
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For halogen 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 thgfottowimg formuta:

wher
Anng

The

For ¢
cablg
thick

12.3.

The

T,=0,02D,+ 0,6

e D, is the fictitious diameter under this sheath, in millimetres, calculated-as describ
X A.

alue resulting from the formula shall be rounded off to the nearést' 0,1 mm (see Anne

ables without a lead sheath, the nominal thickness shall be not less than 1,2 mm
s where the separation sheath is applied directly over the lead sheath, the no
hess shall be not less than 1,0 mm.

4 Lapped bedding under armour for lead-sheathed cables

lapped bedding applied to the compound\coated lead sheath shall consist of ¢

imprggnated and compounded paper tapes _or@ combination of two layers of impregnateg

comy

The
comg
the w

ounded paper tapes followed by one or‘more layers of compounded fibrous material

mpregnation of bedding materials may be made with bituminous or other preseryv
ounds. In the case of wire armour, these compounds shall not be applied directly U
ires.

Synthetic tapes may be uséed instead of impregnated paper tapes.

The
appli

12.4

fotal thickness( of the lapped bedding between the lead sheath and the armour
cation of the ‘armour shall have an approximate value of 1,5 mm.

Dimensions of the armour wires and armour tapes

ed in

x B).

. For
minal
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and
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nsist

The |Lominal dimensions of the armour wires and armour tapes-shall should preferably cd

of on

of the followina values-:
—HR-e+oHOWHRGa+d -

Round wires:

0,8 0r1,250r 1,6 or 2,0 or 2,5 or 3,15-mm diameter;

Flat wires:

0,8 mm thickness;

Tape

s of steel:

0,2 or 0,5 or 0,8-mm thickness;

Tape

s of aluminium or aluminium alloy:
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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.

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 3
60 - 315

Table 10 — Nominal thickness of armour tapes

Fictitious diameter under the armour Nominal thickness of tape
Above Up to and including Steel or galvanized Aluminium or alumipium
steel alloy
mm mm mm mm
- 30 0,2 0,5
30 70 0,5 0,5
70 - 0,8 0,8
NOTE This table does not apply tosgables having metallic tapes applied directly over the assembled qores
(seel7.3.2).

For flat armour wires and-fictitious diameters under the armour greater than 15 mm, the nominal
thickphess of the flat_steel wire shall be 0,8 mm. Cables with fictitious diameters undefr the
armolur up to and.including 15 mm shall not be armoured with flat wires.

12.6 | Roundor flat wire armour

The wire-armour shall be closed, i.e. with a minimum gap between adjacent wires. An jopen
helix Tomsistingof gatvanized steettape with—a omimatthickmessof atteast0;3mmmay be
provided over a flat steel wire armour and over a round steel wire armour, if necessary.
Tolerances on this steel tape shall comply with 16.7.3.

12.7 Double tape armour
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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

armo

ur tape thickness is more than 0,2 mm.

If a separation sheath is required or if the inner covering is extruded and satisfies the

requi

rements 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

centr,
exce
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—ovV-et—tHe—gap—ot—te—rer—tape— etWwee Sttt o+ eacr—tape—S

nemgT PV AR A T |4 b
bd 50 % of the width of the tape.
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13 Qversheath

13.1| General

All cables shall have an oversheath.

The ¢versheath is normally black but a colour other than black may be provided by agree|
betwgen the manufacturer and the purchaser, subject tolits suitability for the parti
cond|tions under which the cable is to be used.

If thefre is concern that the oversheath will be deferjorated by UV radiation, the oversheath
be pfotected against UV radiation, which willNbe mutually agreed with the client.
polygthylene oversheaths containing the regoired amount of carbon black (see Table 20
provide protection against UV radiation depending on geographical regions and meteorolg
cond|tions.

13.2| Material

The-pversheath-sha eie SRR e e A o RO
free}lor-an-elastome ompound{polychloroprene—chlorosulfonated polyethylene—o
pelyfers)

The pversheath shaltconsist of an extruded sheathing compound of one of the types list
Tablg 4.

Halogen free"sheathing material shall be used on cables which exhibit properties of red
flame

fire. T

The sheathing material shall be suitable for the operating temperature in accordance with
Table 4.
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NOTE Chemical additives can be requested for use in the oversheath for special purposes, for example termite
protection. Any additive can be permitted by local legislation for manufacture and use in the intended application in

the rel
13.3

Unle
calcd

wher
Anneg

The

The

evant countries.

Thickness

lated using the following formula:

ts=0,035D +1,0

e D is the fictitious diameter immediately under the oversheath, ,in millimetres
X A).

alue resulting from the formula shall be rounded off to the nearest 0,1 mm (see Anne

hominal thickness shall be not less than 1,4 mm for single-core cables and not less

1,8 mim for multicore cables.

13.4
Mark

(man
numft

Mark
appli

14 1

14.1

Unle
temp

14.2

Marking

ng on oversheath is recommended. It _shall contain at least an indication of
ufacturer's name or trademark (if legaty’protected)). Inclusion of voltage design
er of cores and their nominal cross-sectional area into sheath marking is optional.

ng shall be made by printing, @mbossing or indenting and it shall be continuous
cable intervals.

[est conditions

Ambient temperature

Es otherwisesspecified in the details for the particular test, tests shall be made at an am
erature of(20 + 15) °C.

Frequency and waveform of power frequency test voltages

The

requency of the alternaling test voltages shall be In the range or 4Y HZ 10 b1 HZ.

waveform shall be substantially sinusoidal. The values quoted are RMS values.

14.3

Waveform of impulse test voltages

ES— OtheTwise specified, the nmominat thickness 7, _expressed im_mitfimetres stiall be

(see

than

rigin
tion,

with

bient

The

In accordance with IEC 60230, the impulse wave shall have a virtual front time between 1 ps
and 5 pys and a nominal time to half the peak value between 40 ps and 60 us, and in other
respects shall be in accordance with IEC 60060-1.
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15.1

General

2021

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 reduced in accordance with agreed quality

contr

ol procedures.

The routine tests required by this document include:

a)

easurement of the electrical resistance of conductors (see 15.2):

b) v
15.2

Resiy
ther

The
main
doub
resis
the r
temp

bltage test (see 15.3).
Electrical resistance of conductors

tance measurements shall be made on all conductors of each cable length submitt
putine tests, including the concentric conductor, if any.

ed to

omplete cable length, or a sample from it, shall be placed in the‘test room, which shall be

ained at a reasonably constant temperature, for at least 12 h-before the test. In ca
[ as to whether the conductor temperature is the same @s the room temperature
ance shall be measured after the cable has been in thetést room for 24 h. Alternat
bsistance can be measured on a sample of conductor, conditioned for at least 1 h
erature controlled liquid bath.

se of
, the
vely,
in a

The mmeasured value of resistance shall be corrected to a temperature of 20 °C and 1 km Ig¢ngth

in ac

The |
spec

cordance with the formulae and factors given)in IEC 60228.

DC resistance of each conductor at 20 _*C shall not exceed the appropriate maximum
fied in IEC 60228. For concentric conductors, the resistance shall comply with nat

reguliations and/or standards.

15.3
15.3.

The

Voltage test
1 General

oltage test shall beimade at ambient temperature, using either alternating voltage at p

frequency or direct yoltage, at the manufacturer's option.

15.3.

For
cond

2 Test procedure for single-core cables

alue
ional

ower

bingle=Core screened cables, the test voltage shall be applied for 5 min between the

lctor-and the metallic screen.

Singl

e-core 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.

T

15.3.

his procedure applies for all insulation thicknesses tabled in this document.

3 Test procedure for multicore cables

For multicore cables with individually screened cores, the test voltage shall be applied for 5 min
between each conductor and the metallic layer.
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For multicore cables without individually screened cores, the test voltage shall be applied for
5 min in succession between each insulated conductor and all the other conductors and
collective metallic layers, 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 layers, if any.

Alternatively, three-core cables may be tested in a single operation by using a three-phase

transfermer-

15.34 Test voltage

The power frequency test voltage shall be 2,5 Uy + 2 kV. Values of single-phasg test volfages
for the standard rated voltages are given in Table 11.

Table 11 — Routine test voltages

Ratedl voltage U, kV 0,6 1,8

Test voltage kV 3,5 6,5

If, forf three-core cables, the voltage test is carried ouf with a three-phase transformer, the test
voltage between 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
voltape.

In alljcases, the test voltage shall be increased gradually to the specified value.
15.3/5 Requirement

No bfeakdown of the insulation shall occur.

16 $ample tests

16.1| General

The sample tests required by this document include:

a) cpnductor 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

Conductor examination, measurement of the thickness of insulation and sheath and
measurement of the overall diameter shall be made on one length from each manufacturing
series of 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.
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16.2.2 Physical tests

2021

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

shall

be made on the basis of Table 12.

Table 12 — Number of samples for sample tests

Cable length
Multicore cahles Single-care cables NuTTbETrO
Above Up to and including Above Up to and including samples
km km km km
2 10 4 20 1
10 20 20 40 2
20 30 40 60 3
etc. etc. etc.

16.3

If any
same
addit
be rg
sam

16.4

Com
insp4

16.5

16.5.

The
insul

Each

Repetition of tests

batch and submitted to the same test or tests in-which the original sample failed. If
onal samples pass the tests, all the cables in the‘batch from which they were taken
garded as complying with the requirements:of this document. If either of the addit

Conductor examination

pliance with the requirements of IEC 60228 for conductor construction shall be check
ction and by measurement, when practicable.

Measurement of thickness of insulation and of non-metallic sheaths (includin
extruded separation sheaths, but excluding inner extruded coverings)

1 General

est method._shall be in accordance with-Clause-8—-of1EC60844-1-1 IEC 60811-20

btion and {EC 60811-202 for sheaths.

end arfter having discarded, if necessary, any portion which may have suffered damage.

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

sample fails in any of the tests in Clause 16, two further samples shall be taken from the

both
shall
ional

bd by

1 for

cable)length selected for the test shall be represented by a piece of cable taken from one

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 cores or

10 %

16.5.

of the cores, whichever is larger.

2 Requirements for the insulation

For each piece of core, the average of the measured values, rounded to 0,1 mm in accordance
with Annex 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 mm, i.e.:

tn2091,-0,1
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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 nominal value
by more than 0,2 mm, i.e.:

16.6 | Measurement of thickness of lead sheath
16.61 General

The minimum thickness of the lead sheath shall be determined by one of thefollowing methods,
at th¢ discretion of the manufacturer, and shall not fall below 95 % of thesneminal value by more
than 0,1 mm, i.e.:

tn 20,951, - 0,1

16.6.2 Strip method

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

The fneasurement shall be made on a testpiece of sheath about 50 mm in length, removed
from|the completed cable. The piece shall be slit longitudinally and carefully flattened. |After
clearling 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 enjsure that the minimum thickness is measured.

16.6/3 Ring method

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

The neasurements shall be made on a ring of the sheath carefully cut from the sample]| The

thickpess shall be determined at a sufficient number of points around the circumference af the
ring fo_ensure that the minimum thickness is measured

16.7 Measurement of armour wires and tapes
16.7.1 Measurement on wires

The diameter of round wires and the thickness of flat wires shall be measured by means of a
micrometer having two flat noses to an accuracy of 0,01 mm. For round wires, two
measurements shall be made at right angles to each other at the same position and the average
of the two values taken as the diameter.

16.7.2 Measurement on tapes

The measurement shall be made with a micrometer having two flat noses of approximately
5 mm in diameter to an accuracy of £0,01 mm. For tapes up to 40 mm in width, the thickness
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shall be measured at the centre of the width. For wider tapes the measurements shall be made
20 mm from each edge of the tape and the average of the results taken as the thickness.

16.7.3 Requirements

The dimensions of armour wires and tapes shall not fall below the nominal values given in 12.5
by more than:

— 5 % for round wires;

— 8 % for flat wires;

- 1% fortapes.
16.8 | Measurement of external diameter

If thd measurement of the external diameter of the cable is required as a sample test, it|shall
be cqrried out in accordance with-Clause-8-oflEC60844-14-1 |[EC 60811-203¢

16.9| Hot set test for EPR, HEPR and XLPE insulation and elastomeric sheaths
16.91 Procedure

The gampling and test procedure shall be carried out in accordance with-Clause 9-of IEC-64811-
2-+ IEC 60811-507, employing the conditions given in Table 17 and Table 22.

16.92 Requirements
The flest results shall comply with the requirements\given in Table 17 for EPR, HEPR and XLPE
insulgtion, and in Table 22 for SE, sheaths.

17 Type tests, electrical

17.1| General

A sample of completed cable,x30’m to 15 m in length, shall be subjected to the following {ests,
applied successively:

a) insulation resistaneesmeasurement at ambient temperature (see 17.2);

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

c) vpltage testfor 4 h (see 17.4).

—~

Cablgs of _a rated voltage of 1,8/3 (3,6) kV shall also be subjected to an impulse test|on a
sepalate’'sample of completed cable, 10 m to 15 m in length (see 17.5).

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

17.2 Insulation resistance measurement at ambient temperature
17.2.1 Procedure

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 water at ambient
temperature for at least 1 h before the test.
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The DC test voltage shall be between 80 V and 500 V and shall be applied for a sufficient time
to reach a reasonably steady measurement, but in any case for not less than 1 min and not
more than 5 min.

The measurement shall be made between each conductor and the water.
If requested, measurement may be confirmed at a temperature of (20 £ 1) °C.

17.2.2 Calculations

Th 1 H-E ST 3 baoll L
e VIUTTTIC  TTolollvity offdit v

following formula:

1 latad £ o P~ lot: HN I th
O udiuvurdiTu 1mutiT uare  11T1Cadourcu 1mmrouraliuvurlt 17TCor1oldalive v e

_2xmxIxR
p_—

D

In7
wherg
p i the volume resistivity, in ohms centimetres;
R id the measured insulation resistance, in ohms;
[ ig the length of the cable, in centimetres;
D id the outer diameter of the insulation, in millimetres;
d i the inner diameter of the insulation, in millimetres.

The [nsulation resistance constant, K;, expressed in megaohms x kilometres [MQ - km]| may
also pe calculated, using the formula:

-1
K = Ix R 107 _ 10" x 0,367 x p
log &

NOTE| For the cores of shaped cenductors, the ratio D/d is the ratio of the perimeter over the insulation [to the
perimgter over the conductor.

17.2f3 Requirements

The Jalues 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. A Procedure

The cores of the cable sample shall be immersed in water at a temperature within £2 °C 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
reasonably steady measurement, but in any case for not less than 1 min and not more than
5 min.

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

17.3.2 Calculations

The volume resistivity and/or the insulation resistance constant shall be calculated from the
insulation resistance by the formulae given in 17.2.2.
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17.3.3 Requirements

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

17.4 Voltage test for4 h
17.4.1 Procedure

The cores of the cable sample shall be immersed in water at ambient temperature for at least
1 h before the test.

A power frequency voltage equal to 4 U, shall then be gradually applied and maintained
contipuously for 4 h between each conductor and the water.

17.42 Requirements

No breakdown of the insulation shall occur.

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

This [test shall be performed on the sample at a conductor temperature between 5 2C K and
10 24 K above the maximum conductor temperature in normal operation.

The impulse voltage shall be applied in accordance Wwith the procedure given in IEC 60230 and
shalllhave a peak value of 40 kV.

For multicore cables in which the cores are:net individually screened, each series of implilses
shall|lbe applied in turn between each phase ‘conductor and all the other conductors conngcted
together and to earth.

17.52 Requirements

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

18 Type tests, non-electrical

18.1| General

The npon-€lectrical 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 three cores
or 10 % of the cores, whichever is larger.

18.2.2 Procedure

The measurements shall be made as described in-84-of{EC60814-14-14 |[EC 60811-201.
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18.2.

3 Requirements

See 16.5.2.

18.3 Measurement of thickness of non-metallic sheaths (including extruded separation

18.3.

sheaths, but excluding inner coverings)

1 Sampling

One sample of cable shall be taken.

The

18.3.

See

18.4

18.4.

Sam

18.4.

The

401 under the conditions specified in Table 15.

The
appli

whiclh the insulation cannot besubjected to the tensile test.

NOTE
recom|
requir

18.4.

Conag
in-94

18.3.1: Procedure

easurements shall be made as described in-8-2ef lEC680811-1-1 |IEC 60811<202.

3 Requirements

6.5.3.

ageing

1 Sampling

2 Ageing treatments

hgeing treatments shall be carried out<as described in-8-4-oflEC-608141-1-2 IEC 6(

ensile and bending tests afteryageing with the copper conductor of Table 15 are
cable to 0,6/1 (1,2) kV cables."The bending test is only carried out on those cablg

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

3 Conditioning and mechanical tests

itioning.and the measurement of mechanical properties shall be carried out as desc
—of{EC-608114-1-4 [EC 60811-501.

Tests for determining the mechanical properties of insulation before and after

bling and the preparation of the test pieces shall be carried out as described in-9-4-of
|EC40811-1-1 IEC 60811-501.

811-

only
s for

r,—are
these

ribed

18.4.

4 Requirements

The test results for aged and unaged test pieces shall comply with the requirements given in
Table 15.

18.5 Tests for determining the mechanical properties of non-metallic sheaths before

18.5.

and after ageing

1 Sampling

Sampling and the preparation of the test pieces shall be carried out as described in-9-2-of
{EC 6081141414 IEC 60811-501.
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18.5.2 Ageing treatments

The ageing treatments shall be carried out as described in-8-4-of1lEC-608144-14-2 IEC 60811-
401, under the conditions specified in Table 18.

18.5.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out as described
in-92 of IEC 60841-1-1 IEC 60811-501.

18.5.4 Requirements

The {est results for aged and unaged test pieces shall comply with the requirements_given in
Tablg 18.

18.6 | Additional ageing test on pieces of completed cables
18.61 General

This |test is intended to check that the insulation and non-metallic~sheaths are not lialjle to
detetfiorate in operation due to contact with other components in_ thé cable.

The fest is applicable to cables of all types.

18.6.2 Sampling

Samples shall be taken from the completed cable as described in-844-of lEC6084{-1-2
IEC 60811-401.

18.6[3 Ageing treatment

The ageing treatment of the pieces of\cable shall be carried out in an air oven, as descfibed
in-84-4-oftEC608114-14-2 IEC 608412401, under the following conditions:

—

gmperature: (10 £ 2)-°C K-above the maximum conductor temperature of the cable in ngrmal
beration (see Table 15);

— dpration: 7 x 24 h.

[e)

18.64 Mechanical tests

Test [pieces of<nsulation and oversheath from the aged pieces of cable shall be prepared and
subjgcted to'mechanical tests as described in-8-4-4-of lEC608114-1-2 |[EC 60811-401.

18.6.|5 Requirements

The variations between the median values of tensile strength and elongation-at-break after
ageing and the corresponding values obtained without ageing (see 18.4 and 18.5) shall not
exceed the values applying to the test after ageing in an air oven specified in Table 15 for
insulation, and Table 18 for non-metallic sheaths.

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

The sampling and test procedure shall be in accordance with-8-2eflEC-60841-3-2 IEC 60811-
4009.
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18.7.2 Requirements

The t

18.8

18.8.

est results shall comply with the requirements given in Table 19.

Pressure test at high temperature on insulation and non-metallic sheaths

1 Procedure

The pressure test at high temperature shall be carried out in accordance with [EC 608141+508,

emplpying the test conditions given in the test method and in Table 16, Table 19, Table 20 and

Tablg 21.

18.8.2 Requirements

The fest results shall comply with the requirements given in—Clause~8of |EC-68084{-3-14

IEC 60811-508.

18.9| Test on PVC insulation and sheaths and halogen free ,sheaths at low temperafures

18.9.1 Procedure

The pampling-and-test procedures-shall- be-in—accordance-with- Clause- 8 of IEC 608114-1-4,
. | fod in T L6 AG o1

The $ampling and test procedures shall be in ac€erdance with IEC 60811-504, IEC 60811-505

and JEC 60811-506, employing the test temperature specified in Table 16, Table 19 and

Tablg 21.

18.92 Requirements

The fesults of the test shall comply with the requirements given in-Clause-8-ofHEC 608414

Table¢ 16, Table 19 and Tablg 2t

18.10 Test for resistance of PVC insulation and sheaths to cracking (heat shock tes})

18.10.1 Procedure

The pampling <@nd test procedure shall be in accordance with-Clause-9—of IEC6084{-3-1

IEC $0811-509, the test temperature and duration being in accordance with Table 16 and Table

19.

18.107

The results of the tests shall comply with the requirements given in-Clause-9-of }EC60811-3-1
IEC 60811-5009.

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-Clause 8 of IEC-60811-
2-1 |[EC 60811-403. The ozone concentration and test duration shall be in accordance with
Table 17.
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18.11.2 Requirements

2021

The results of the test shall comply with the requirements given in-Clause-8-ofHEC6081+1-2-1

IEC 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 in accordance with 16.9 and shall comply

with its requirements.

18.13 Oil immersion test for elastomeric sheaths

18.13.1 Procedure

The |[sampling and test procedure shall be carried out in accordance with-Clause—
IEC 60811-404, employing the conditions given in Table 22.

18.13.2 Requirements

The fesults of the test shall comply with the requirements given in Taable 22.

18.14 Water absorption test on insulation

18.14.1 Procedure

The pampling and test procedures shall be carried\out in accordance with—-9-4—-or-9
IEC 60811-402, employing the conditions and method specified in Table
17, respectively.

18.14.2 Requirements

The fesults of the test shall comply with’ the requirements specified in-9-4-eof lEC-608H
IEC $0811-402 or Table 17, respectively.

18.1% Fire tests

18.1%.1 Flame spread test on single cables

This ftest shall be carried out on ST4, ST,, or SE, oversheathed cables only when such
perfgqrmance is specially required or declared.

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

18.1%.2/Flame spread test on bunched cables

16 or

8 fire

This test shall be carried out on ST4 oversheathed halogen free cables.
The test method and requirements shall be those specified in IEC 60332-3-24.

18.15.3 Smoke emission test

This test shall be carried out on STg oversheathed halogen free cables.

The test method and requirements shall be those specified in IEC 61034-2.
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18.15.4 Acid gas emission test
18.15.4.1 General

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

18.15.4.2 Procedure

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

18.1%.4.3 Requirements

The fesults of the test shall comply with the requirements of Table 23.

18.1%.5 pH and conductivity test
18.1%.5.1 General

This fest shall be carried out on the non-metallic components of STy eversheathed haloger) free
cablgs.

18.1%.5.2 Procedure

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

18.1%.5.3 Requirements

The fesults of the test shall comply with the requirements of Table 23.

18.1%.6 Fluorine content test
18.1%.6.1 General

This fest shall be carried out on the non-metallic components of STg oversheathed haloger) free
cablgs.

18.1%.6.2 Procedure

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

18.1%.6.3 Requirements

The fesults of the test shall comply with the requirements of Table 23.

NTE ) . ishin IEC.
18.16 Measurement of carbon black content of black PE oversheaths
18.16.1 Procedure

The sampling and test procedure shall be carried out in accordance with—Clause—144—of
{EC608114-4-1 IEC 60811-605.
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18.16.2 Requirements

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

18.17 Shrinkage test for XLPE insulation

18.17.1 Procedure

2021

The sampling and test procedure shall be carried out in accordance with—Clause—10—of
IEC-60814-1-3 IEC 60811-502 under the conditions specified in Table 17.

18.117

The 1

18.1

This
1,8/3
over

18.11 Special bending test

[.2 Requirements

esults of the test shall comply with the requirements of Table 17.

.1 General

test shall be made on multicore cables with rated voltages of 0,6/1 (1,2) kV
(3,6) kV, having a collective metallic layer in the form of metallic tapes applied di
the assembled cores and omitting the inner covering.

18.1

The g$ample shall be bent around a test cylinder (for;example, the hub of a drum) at am|
tempgrature for at least one complete turn. The diameter of the cylinder shall be 7 D with

.2 Procedure

and
ectly

bient
t+5 %

tolerance, where D is the actual external diameter'of the cable sample. The cable shall th¢n be

unwdg
ther

This
cylin

normial operation of the cable for24°h.

After
in ac

18.18.3 Requirements

No b

und and the process shall be repeated except that the bending of the sample shall
pverse direction.

cycle of operations shall be carried out three times. The sample, left bent aroun
ler shall then be placed in an air oven heated to the maximum conductor temperatu

the cable has cooled dewn, and while it is still bent, the voltage test shall be carrie
cordance with 15.3.

eakdownishall occur and the oversheath shall show no sign of cracking.

18.11 Determination of hardness of HEPR insulation

18.197

be in

1 the
re in

d out

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.

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-Clause 9-of IEC 608141-1-1 IEC 60811-501.
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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 results of the test shall comply with the requirements of Table 17.

18.21 Shrinkage test for PE oversheaths
18.21.1 Procedure

The [sampling and test procedure shall be carried out in accordance with2Clause—41+—of
EC408114-1-3 IEC 60811-503 under the conditions specified in Table 20.

18.21.2 Requirements

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

NOTE]

18.22 Additional-mechanical tests on halogen free ,oversheaths
18.22.1 General

Thesg 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 $ampling and test procedure shall be carried out in accordance with-9-2oflEC 68084{-1-3
IEC §0811-402 employing the conditions and method specified in Table 21.

18.22.2.2 Requirements

The fesults_of-the test shall comply with the requirements of Table 21.

18.22.83MAbrasion test on ST; 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.

NOTE Electrical tests on repaired installations are subject to installation requirements. The above test is for new
installations only.
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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 maximum conductor temperature in normal operation Q- cm 1010 1012 1012
cT 173)
Insullation resistance constant X;
— 3t 20 °C (see 17.2) MQ - km 36,7 - E
— gt maximum conductor temperature in normal operation MQ - km 0,037 367 3,67
lsee 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 ST

3 7

ST

SE,

Dimensions

Measurements of thickness
Mechanical properties

(tensi
break

le strength and elongation-at-

)

Withg

ut ageing

After jageing in air oven

After
cable]

ageing of pieces of complete

After immersion in hot oil
Thermoplastic properties
Hot pressure test (indentation)

Beha
Miscd

iour at low temperature
Illaneous

Loss pf mass in air oven
Heat ghock test (cracking)
Ozonk resistance test

Hot st test

Wate
Shrin
Carb
Dete

Dete:l

absorption

age test

n black content @
mination of hardness
mination of elastic modulus

X X | X
X X | X

Fire tpsts

Flam¢ spread test on single cables (if

requi

ed)

Flam¢ spread test on bunched cables

SmoK

e emission test on cables

Acid gas emission test

pH af
Fluor|

d conductivity
ne content test

X X X X X

NOTH Key

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

— indicates that_the"type test is not to be applied.

b Inflicates/that the test is only required for EPR,

r black-oversheaths only.

ok cangidaratinn

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 $0811-1-1, Subclause
94 IHC 60811-501)
Tensile strength, minimum N/mm?2| 12,5 4,2 4,2 8,5 8,5 12,5 2,5
Elongation-at-break, % 150 200 200 200 200 200 P00
minimum
After pgeing in an air oven
(e ;
8-+ IHC 60811-401)
After ageing without
condyctor
Treatment:
— tenpperature °C 100 135 135 135 135 135 135
— tolg¢rance G K +2 +3 +3 +3 +3 +3 +3
— dufation h 168 168 168 168 168 168 168
Tensile strength
a) value after ageing, IN/mm?2| 12,5 - < - - - _
mipimum
b) vafiation 2, maximum % +25 +30 +30 +30 +30 +25 25
Elongation-at-break:
a) value after ageing, % 150 — - - - - -
mipimum
b) vafiation @, maximum % +25 +30 +30 +30 +30 +25 25
After | ageing with copper -
condyctor followed by the
tensilp test P
Treatent:
— temperature °C - 150 - 150 - 150 -
— tolg¢rance c K - +3 - +3 - +3 -
— dulation h - 168 - 168 - 168 -
Tensile strength:
Variafion @, maximum % - 30 - +30 - +30 -
Elongation-at=break:
Variafion,& maximum % - +30 - +30 - +30 -
After | ‘ageing with copper
COndL(.I.U[ 101MOweud 192
bending test (only if the
tensile test is not practicable)
b
Treatment:
— temperature °C - 150 - 150 - 150 -
— tolerance G 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
of PVC insulating compounds
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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 be carried out without previous ageing:

— cdld bending test for diameter < 12,5 mm
— temperature (tolerance 2 K) °C -T5
— repuirement fo-cracks

Cold|elongation test on dumb-bells:

— temperature (tolerance £2 K) °C -15
— refjuirement % 220

Heafl shock test
(IEC|60811-509)

— temperature (tolerance 3 K) °C 150
— dyration h 1
— repuirement no cracks

Watgr absorption
(IEC|60811-402)

Elecfrical method:

— temperature (tolerance 2 K) °C 70
— dyration h 240
— refuirement no breakdown

a8 [ue 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

Desi - ¢ y ]
Lhais EPR HEPR XLPE
Looary
e e
B A
et men e e e e s % 0,025to0 | 0,025+t0
0,030 0,030 -
Test duration without cracks h 24 24 -
Lot caot tact (ICF‘ 8081442 '1’ Clauca 0)
e
— air temperature (tolerance =3 °C) c ool ool 2ot
e e 15 15 e
— mechanical stress N/em?2 20 20 20
B e % e e —
Cn e e e e e e e e s % 15 s =
Ll bee e
{IEC 60811-1-3, Subclause 9.2)
Treatment:
T c 85 85 85
— duration h 336 336 336
Maximum-increase-of mass mglem? 5 5 L
Shrinkage-test
{lEC 60811-1-3, Clause 10)
Llobime L bobinonand e e - - Lo
Treatment:
— temperature (tolerance £3-°C) e - - 130
— duration h - - LS
. . [") — — 4
D . .
{see Annex C)
D b‘ . — 89 —_
s . . ;
Lo
Meod sat 480" % e engat'en, minimum N_/_mm2 — 4‘% —_
A I ) ) ‘ o f XLPE
—tglems.
Y IRHD:international rubber-hardness-degree-
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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)
Treatment:
— air temperature (tolerance =3 K) °C 250 250 200
— mdchanical stress N/cm? 20 20 20)
Maximum elongation under load % 175 175 7%
Maximum permanent elongation after cooling % 15 15 15
Wate}f absorption
(IEC B0811-402)
Grav|metric method:
Treafment:
— temperature (tolerance +2 K) °C 85 85 85
— dufation h 336 336 33
Maximum increase of mass mg/cm? 5 5 17
Shrinkage test
(IEC B0811-502)
Distapce L between marks [peiag) - - 20
Treafment:
— terhperature (tolerance 3 K) °C - - 13
— duration h - _ 1
Maximum shrinkage % - - 4
Detefmination of hardness
(see Annex C)
IRHD| ®, minimum - 80 -
Detefmination of elastic modulus
(see [18.20)
Modylus at 150 % elongationpaminimum N/mm? - 4.5 —
a  Ah increase greater tHan) 1 mg/cm? is being considered for densities of XLPE greater than 1 g/cm?®.
b IRHD: international rubber hardness degree.
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Table 18 — Test requirements for mechanical characteristics of
sheathing compounds (before and after ageing)

— 45—

Designation of compound .

(see%.?a) P Unit ST, ST, ST, ST, ST, SE,
Maximum conductor temperature °C 80 90 80 90 90 85
in normal operation (see 4.3)

Without ageing

(IEC-60811-1-1Subelause-9-2 IEC 60811-501)

Tensile strength, minimum N/mm?2 12,5 12,5 10,0 12,5 9,0 10,0
Elongetien—at-break—riatmur Yo 456 +56 306 306 425 300
After|ageing in an air oven

(IECPO8+1-1-2Subelause-8-1 IEC 60811-401)

Treafment:

— terhperature (tolerance £2°C K) °C 100 100 100 110 100 00
— dufation h 168 168 240 240 168 68
Tens|le strength:

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

a) value after ageing, minimum % 150 150 300 300 100 P50
b) vagriation @, maximum % +25 25 - - +40 40
2 Vpriation: difference between the median value obtained aftér treatment and the median value without

tr

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

it 814 SIQ

duration h 168
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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
Maximum loss of mass mg/cm? - 1,5
Pressure test at high temperature

(IEC p0811-508)

— ten]perature (tolerance +2 K) °C 80 90
— reguirement: maximum indentation value % 50 50
Behayiour at low temperature @

(IEC p0811-504, IEC 60811-505 and IEC 60811-506)

Test fo be carried out without previous ageing:

— co|d bending test for diameter < 12,5 mm

— terhperature (tolerance 2 K) °C -15 -1%
— requirement no cracks no crgcks
Cold felongation test on dumb-bells:

— terhperature (tolerance 2 K) °C -15 -1%
— requirement % 220 > 2D
Cold jmpact test:

— terhperature (tolerance 2 K) °C -15 -1%
— requirement no cracks no crgcks
Heat|shock test

(IEC p0811-509)

Treatment:

— terhperature (tolerance 3 K) °C 150 15
— dufation h 1 1
— requirement no cracks no crgcks
a8 Dpe to 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 Unit ST

ST
(see 4.3) 3

Density @
(lEC-60811-1-3,Clause-8 IEC 60811-606)

Carbon black content
(for black oversheaths only)
(lEC-608141-4-1Clause-+1+ [EC 60811-605)

Nominal value % 2,5 2,5

Tolerpnce % +0,5 +0,b

Shrinkage test
(lEECPO8+1+-1-3Clause+4+ IEC 60811-503)

Treafment:

— temperature (tolerance +2°C K) °C 80 80
— hepting, duration h 5 5
— hepting, cycles 5 5

Maximum shrinkage % 3 3

Presgure test at high temperature
(FECBO8141-3-1-Subelause-8-2 IEC 60811-508)

— tenjperature (tolerance +2 °C K) °C - 11
— requirement: maximum identation value % - 50

2 Tphe measurement of density is only required for the purpose of\other tests.

Table 21 — Test requirements for particular characteristics of
halogen free sheathing compounds

Desi . ¢ i Uni ST,
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Designation of compound Unit ST,
Behaviour at low temperature @
(IEC 60811-504, -505 and —-506)
Test to be carried out without previous ageing:
— cold bending test for diameter < 12,5 mm
— temperature (tolerance 2 K) °C -15
— requirement no cracks
Cold elongation test on dumb-bells:
— temperature (tolerance 2 K) °C -15
— requirement % > 20
Cold|impact test:
— temperature (tolerance 2 K) °C 5N
— refuirement no ‘erackg
Prespure test at high temperature
(IEC|60811-508)
— temperature (tolerance 2 K) °C 80
— refuirement: maximum identation value % 50
Watgr absorption
(IEC|60811-402)
GraVfimetric method:
Treafment:
— temperature (tolerance 2 K) °C 70
— dyration h 24
Maximum increase of mass mg/cmz 10

@ [ue to climatic conditions, national standards may requihe the use of a lower temperature.
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Table 22 — Test requirements for particular characteristics of
elastomeric sheathing compounds

Desi . £ y .
Unit SE4

Designation of compound Unit SE,
(see B.3)

Oil ijnmersion test followed by a determination \of*the mechanical

properties

(IEC p0811-404 and IEC 60811-501)

Treatment:

— oilltemperature (tolerance +2 K) °C 100
— dufation h 24
Maximum variation 2 of:

a) tensile strength % +40
b) elpngation-at-break % +40
Hot get test

(IEC p0811-507)

Treatment:

— terhperature (tolerance +3 K) °C 200
— mdchanical stress N/cm? 20
MaxifmumT efongatton under foad Q 75
Maximum permanent elongation after cooling % 15

2  Variation: difference between the median value obtained after treatment and the median value without
treatment, expressed as a percentage of the latter.
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Table 23 — Test methods and requirements for halogen free compounds

Test method Unit Requirement
Acid gas emission test
(IEC 60754-1)
Bromine and chlorine content (expressed as HCI), maximum % 0,5
Fluorine content test
(IEC 60684-2)
Fluorine content, maximum % 0,1
pH and conductivity test
(IEC[6U753-2Z)
pH, minimum 4,3
Conductivity, maximum uS/mm 10

NOTE . . . on.
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Annex A
(normative)

Fictitious calculation method for determination
of dimensions of protective coverings

Overview

2021

The thickness of cable coverings, such as sheaths and armour, has usually been related to
nominal cable diameters by means of "step-tables".

This
same

the thickness of a covering does not correspond to the actual diameter because'the calcu

diam
mant
may

of caple.

To a
the

form
numfk
diam
spec
indef
thick

sometimes causes problems. The calculated nominal diameters are not necessarily the

as the actual values achieved in production. In borderline cases, queries can ar

eter is  slightly different. Variations in shaped conductor dimensions bet
facturers and different methods of calculation cause differences in nominal diameter
herefore lead to variations in the thicknesses of coverings used on thé same basic d

oid these difficulties, the fictitious calculation method shall'bg used. The idea is to ig
hape and degree of compaction of conductors and to calculate fictitious diameters
lae based on the cross-sectional area of conductorsi nominal insulation thickness
er of cores. Thicknesses of sheath and other coverings are then related to the fict
bters by formulae or by tables. The method of calculating fictitious diameters is pred
fied and there is no ambiguity about the thickhesses of coverings to be used, whic

nesses being pre-calculated and specified_for each conductor cross-section.

se if
lated
veen
5 and
BSign

nore
from
and
tious
isely
h are

endent of slight differences in manufacturing practices. This standardizes cable designs,

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

It is

whicl should be calculated separately:

A.2

The

been
exan
betw

All th
the fi

not a replacement for the calculation of actual diameters required for practical purp

General

ollowing fictitious method of calculating thicknesses of various coverings in a cablg
adopted to ensure that any differences which can arise in independent calculation
ple due to the-assumption of conductor dimensions and the unavoidable differe
ben nominalkand actually achieved diameters, are eliminated.

ickneSs“values and diameters shall be rounded in accordance with the rules in Annex
rst’ decimal figure.

pSes,

b has
5, for
nces

B to

Holding strips, for example counter helix over armour, if not thicker than 0,3 mm, are neglected
in this calculation method.

A3

A.3.1

Method

Conductors

The fictitious diameter (4, ) 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

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

465 36 240 4+5

16 4,5 300 19,5

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

A.3.2 Cores

The fictitious diameter D of any core is given by:

D, :dL+2ti

C
wherg ¢ is the nominal thickness of insulation,ih millimetres (see Table 5 to Table 7).

If a metallic screen or a concentric canductor is applied, a further addition shall be mafe in
accofdance with A.3.5.

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:
Df = kDC

where the assembly coefficient k£ is as given in Table A.2.
b) ford{oeur-core cables with one conductor with reduced cross-section:

_ 2,42 (3 Dgy + Dyp)

D
f 4

where

is the fictitious diameter of the insulated phase conductor, including metallic layer, if
any, in millimetres;

c1

D., s the fictitious diameter of the conductor with reduced cross-section including the
insulation or covering, if any, in millimetres.
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Table A.2 — Assembly coefficient £ for laid-up cores

Number of cores Assembly Number of cores Assembly
coefficient coefficient
k k
2 2,00 24 6,00
3 2,16 25 6,00
4 2,42 26 6,00
5 2,70 27 6,15
I 300 28 8,44
7 3,00 29 6,41
78 3,35 30 6,41
8 3,45 31 6,70
8@ 3,66 32 6,70
9 3,80 33 6,70
ga 4,00 34 7,00
10 4,00 35 7,00
102 4,40 36 7,00
11 4,00 37 7,00
12 4,16 38 7,33
128 5,00 39 7,33
13 4,41 40 7,33
14 4,41 41 7,67
15 4,70 42 7,67
16 4,70 43 7,67
17 5,00 44 8,00
18 5,00 45 8,00
184 7,00 46 8,00
19 5,00 47 8,00
20 5,33 48 8,15
24 5,33 52 8,41
22 5,67 61 9,00
23 5,67
a8~ Cores assembled in one layer.

A.3.4 Inner coverings

The fictitious diameter over the inner covering (Dg) is given by:

DB:Df+2tB

where

tg = 0,4 mm for fictitious diameters over laid-up cores (Dy) up to and including 40 mm;
tg = 0,6 mm for D; exceeding 40 mm.
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se fictitious values for tg apply to

multicore cables:

— whether an inner covering is applied or not;

— whether the inner covering is extruded or lapped;

b)

unless a separation sheath complying with 12.3.3 is used in place of or in addition to the
inner covering, when A.3.7 applies instead;

single-core cables:

when an inner covering is applied whether it is extruded or lapped.

A.3.5 Concentric conductors and metallic screens

The

A.3.

ncrease in diameter due to the concentric conductor or metalliec screen is given in Table

Table A.3 — Increase of diameter for concentric conductors and _metallic screens$

Norminal cross-section Increase in diameter Nominal cross-section Increase in diameter
of (i}'ncentric conductor of concentric conductor
r metallic screen or metallic screen
mm?2 mm mm?2 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
If the|cross-section of the concentric conductor or metallic screen lies between two of the values
giver] in Table A.3, thenthe increase in diameter is that given for the larger of the two cfoss-
sectipns.
If a metallic screen-is applied, the cross-sectional area of the screen to be used in Tabl¢ A.3
shall|be calculated in the following manner:
a) tape screen:

Cross-sectionat area = 7i; X i X Wy

where

ny is the number of tapes;

ty is the nominal thickness of an individual tape, in millimetres;
wy is the nominal width of an individual tape, in millimetres.

Where the total thickness of the screen is less than 0,15 mm then the increase in diameter
shall be zero:

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

— for a longitudinally applied tape screen:
o if the overlap is below 30 %, the total thickness is the thickness of the tape;
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o if the overlap is greater than or equal to 30 %, the total thickness is twice the
thickness of the tape;

b) wire screen (with a counter helix, if any):

><dV2V><

T
4 +I’lh><[h><wh

. Ay
cross-sectional area =

where

n,, is the number of wires;

df, 1S the diameter of an individual wire, in millimetres,

is the number of counter helix;
| is the thickness of the counter helix, in millimetres, if greater than 0,3 mmj
w}, is the width of the counter helix, in millimetres.

A.3.6 Lead sheath

The fictitious diameter over the lead sheath (pr) is given by:

pr = Dg +2 tpb
wherg
Dg
fob id the thickness calculated in accordance with :Clause 11, in millimetres.

g the fictitious diameter under the lead sheath, insmillimetres;

A.3.7 Separation sheath

The fictitious diameter over the separationsheath (Dy) is given by:

Dy =D + 21

wherp
if the fictitious diameter.under the separation sheath, in millimetres;
i the thickness cdlculated in accordance with 12.3.3, in millimetres.

A.3.8 Lapped bedding

The fictitious(diameter over the lapped bedding (D)) is given by:

Dy = Dy + 2

where
D, s the fictitious diameter under the lapped bedding, in millimetres;
b is the thickness of the lapped bedding, i.e. 1,5 mm in accordance with 12.3.4.

A.3.9 Additional bedding for tape-armoured cables (provided over the inner
covering)

See Table A.4.
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A.3.

The

Table A.4 — Increase of diameter for additional bedding

Fictitious diameter under the additional bedding Increase in diameter for
additional bedding
Above Up to and including
mm mm mm
- 29 1,0
29 - 1,6

]0 Armour

ictitious diameter over the armour (D,) is given for

a) flat or round wire armour by:

b)

DX:DA+2tA+2tW

where

D is the fictitious diameter under the armour, in millimetres;

td is the thickness or diameter of the armour wire, in millitnétres;

w is the thickness of the counter helix, if any, in millimetres, if greater than 0,3 mm.
dpuble tape armour by:

DX=DA+4IA

where

~
I

D, is the fictitious diameter under the armour, in millimetres;

is the thickness of the armour, tape, in millimetres.
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Annex B
(normative)

Rounding of numbers

Rounding of numbers for the purpose of the fictitious calculation method

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

roun
shall
overl
thick
to 0,

To ill

Whe(lr"1

be rounded to 0,1 mm and, when used to determine the thickness or dimension
ying layer, it shall be rounded before being used in the appropriate formula, or table

mm as required in Annex A.

ustrate these rules, the following practical examples are given:

a) when the figure in the second decimal place before rounding“is 0, 1, 2, 3 or 4, the

fi

E

b) w

fi

m

B.2

For p

aver
toler
of de

The

gure retained in the first decimal place remains unchanged-(rounding down).

XAMPLE 1
2,12 = 2+
2,449 = 214
25,0478  =\\ 25,0
hen the figure in the second decimal place before rounding is 9, 8, 7, 6 or 5, the

gure in the first decimal place is increased by one (rounding up).

KAMPLE 2

2,17
2,453
30,050

H

2,2
2,5
30,1

H

H

Rounding of numbers for other purposes

nce tona-given nominal value. In these cases, rounding shall be carried out to the nu
cimal places specified in the relevant clauses.

the calculated value at any stage has more than one decimal place, the value shall be
ed to one decimal place, i.e. to the nearest 0,1 mm. The fictitious diameter at each stage

bf an
The

ness calculated from the rounded value of the fictitious diameter shall inturn be rounded

h the

n the

urposes other than those considered under Clause B.1, it may be required that values are
roun{ed to more.than one decimal place. This may occur, for instance, in calculatin

y the

ge value‘of-several measurement results, or the minimum value by applying a percentage

mber

nethod or rounding shall Then De as Tollows:

a) if the last figure to be retained is followed, before rounding, by 0, 1, 2, 3 or 4, it shall remain

u

nchanged (rounding down);

b) 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).

EXAMPLE 2,449 = 2,45 rounded to two decimal places
2,449 = 2,4 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 = 25,0 rounded to one decimal place
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Annex C
(normative)

Determination of hardness of HEPR insulation

Test piece

The test piece shall be a sample of completed cable with all the coverings, external to the HEPR
insulation to be measured, carefully removed. Alternatively, a sample of insulated core may be

used

C.2

C.2.1

Tests

C.2.2

The {
the H
surfa

—

a)

—

q

b) t&Le base of the instrument is fitted with two.parallel rods A and A’, their distance

o

Thes|

Whe
in th

C.2.3

Ons
piecq
minin
to th

procedures are as follows:

a) re

e instrument is fitted with feet moveable in univetsal joints so that they adjust thems

Test procedure

General

shall be made in accordance with 1ISO 48-2 with exceptions as indicated below.

Surfaces of large radius of curvature

est instrument, in accordance with ISO 48-2, shall be constpucted so as to rest firm
EPR insulation and permit the presser foot and indentort0/make vertical contact wit
ce. This is done in one of the following ways:

the curved surface;

pending on the curvature of the surface (see Figure C.1).

e methods may be used on surfaceswith a radius of curvature down to 20 mm.

the thickness of HEPR insulation tested is less than 4 mm, an instrument as desc
method used in ISO 48-2 for thin and small test pieces shall be used.

Surfaces of small‘radius of curvature

shall be supported on the same rigid base as the test instrument, in such a way
hize bodily movement of the HEPR insulation when the indenting force increment is ap
b indentor{and so that the indentor is vertically above the axis of the test piece. Sui

st/the’ test piece in a grove or trough in a metal jig (see Figure C.2 a));

ly on
h this

blves

bpart

ribed

irfaces with too small a radius of curvature for the procedures described in C.2.2, the test

as to
plied
table

£ L0 4
I

4 ol 4 4 + : AW | 1 L | o0 L\
Uic LUTTUuciur UT U1 1Tol PJICTLT 1IT VEUTUURS (STT TIyulic .2 U)J)J.

The smallest radius of curvature of the surface to be measured by these methods shall be at

least

4 mm.

For smaller radii, an instrument as described in the method used in ISO 48-2 for thin and small
test pieces shall be used.

C.24 Conditioning and test temperature

The minimum time between manufacture, i.e. vulcanization, and testing shall be 16 h.

The test shall be carried out at a temperature of (20 + 2) °C and the test pieces shall be
maintained at this temperature for at least 3 h immediately before testing.


https://iecnorm.com/api/?name=7c9eb32ef9e033293c2d3de894db542e

- 60 - IEC 60502-1:2021 RLV © |IEC 2021

C.2.5 Number of measurements

One measurement shall be made at each of three or five different points distributed around the
test piece. The median of the results shall be taken as the hardness of the test piece, expressed
to the nearest whole number in international rubber hardness degrees (IRHD).

7 R
(*)

A A

R

IEC

Figure C.1 — Test on surfaces of\large radius of curvature

[]

I Dt I I
AL S AL
a) Test piece groove b) Test piece in V-blocks

Figure C.2 — Test on surfaces of small radius of curvature
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

2021

(Um - |52 I(U) anmd-3kV (tm - 336 k‘V.)
FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
alllnational electrotechnical committees (IEC National Committees). The object of IEC is topromote intern
cotoperation on all questions concerning standardization in the electrical and electronig.fields. To this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as(“lEC Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee intérested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with‘the International Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

The formal decisions or agreements of IEC on technical matters express,vas nearly as possible, an interns
cohsensus of opinion on the relevant subjects since each technieal committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for intérnational use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts areximade to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Public
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢g
anly IEC Publication and the corresponding natienal or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation*0f conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC(onits directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of\'the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
indispensable for'the correct application of this publication.

At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
rights. IE€-shall not be held responsible for identifying any or all such patent rights.
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This third edition cancels and replaces the second edition published in 2004
Amendment 1:2009. This edition constitutes a technical revision.

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

ove table.

The |

This
acco
at w
desc

A list
extrul

(Unm

The
stabi
the s

°
-

q

[ ]
=
Q-

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

document was drafted in accordance with ISO/IEC Directives, Part 2, andl.develop

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC
ibed in greater detail at www.iec.ch/standardsdev/publications.

of all parts in the IEC 60502 series, published under the general title Power cables
ded insulation and their accessories for rated voltages from\VkV (U,, = 1,2 kV) up to
= 36 kV) can be found on the IEC website.

ity date indicated on the IEC website under "hitfp://webstore.iec.ch" in the data relat
pecific document. At this date, the documentwill be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

are

with
B0 kV

committee has decided that the contents of this decument will remain unchanged untjl the

ed to
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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)

2021

1 cope

This part of IEC 60502 specifies the construction, dimensions and test requiremeénts of p
cablgs with extruded solid insulation for rated AC voltages of 1 kV (U,, = 1;2kV) and

(Un F 3,6 kV) for fixed installations such as distribution networks or industrial|installations.

Cables of rated AC voltage 1 kV (U, = 1,2 kV) designed and tested (in‘'accordance with
document can also be used, if declared by the manufacturer, in DC distribution systems h
their nominal voltage < 750 V DC (with a maximum of 900 V DC) between a live conducto
neutdal/earth, or <1 500 V DC (with a maximum 1 800 V DC)\between two live condugd
Applicable core identification for DC systems are considéred in accordance with
installation regulations.

NOTE|1 Recommendations for preferred core colours for line/Conductors in DC systems are given in IEC §

Howeyer, local installation regulations for DC systems can already contain specific identification requirementsg.

ower
3 kV

this
Bving
r and
tors.
local

0445.

This document includes cables which exhibit properties of reduced flame spread, low lev¢ls of

smoKe emission and halogen-free gas emis$ion when exposed to fire.

Cablgs for special installation and serviée conditions are not included, for example cablg
overtead networks, the mining industry, nuclear power plants (in and around the contain
area), submarine use or shipboard-application, or cables directly connected to photov
systgms.

NOTE|2 Cables for photovoltaic systems are covered by IEC 62930.
2 Normative references

The following-decuments are referred to in the text in such a way that some or all of their co
constitutes_requirements of this document. For dated references, only the edition cited ap
For undated references, the latest edition of the referenced document (including
amendments) applies.

s for
ment
pltaic

ntent
blies.
any

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

IEC 60183, Guidance for the selection of high-voltage A.C. cable systems
IEC 60228, Conductors of insulated cables
IEC 60230, Impulse tests on cables and their accessories

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

Test
1 kW
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IEC 60332-3-24, Tests on electric and optical cables under fire conditions — Part 3-24: Test for
vertical flame spread of vertically-mounted bunched wires or cables — Category C

IEC 60684-2, 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 ¢
Dete

rmination of acidity (by pH measurement) and conductivity

IEC 60811-201, Electric and optical fibre cables — Test methods for non-metallic mater

Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part
shea

P01: General tests — Measurement of insulation thickness

0811-202, Electric and optical fibre cables — Test methods forinon-metallic mater
P02: General tests — Measurement of thickness of non-metallicisheath

0811-203, Electric and optical fibre cables — Test metheds for non-metallic mater
P03: General tests — Measurement of overall dimensiofts

0811-401, Electric and optical fibre cables — Fest methods for non-metallic mater
101: Miscellaneous tests — Thermal ageing methods — Ageing in an air oven

0811-402, Electric and optical fibre cablé's — Test methods for non-metallic mater
102: Miscellaneous tests — Water absorption tests

0811-403, Electric and optical fibre cables — Test methods for non-metallic mater
103 Miscellaneous tests — Ozone resistance test on cross-linked compounds

0811-404, Electric and agptical fibre cables — Test methods for non-metallic mater
104: Miscellaneous tests — Mineral oil immersion tests for sheaths

0811-409, Electric and optical fibre cables — Test methods for non-metallic mater
109: Miscellaneous tests — Loss of mass test for thermoplastic insulations and sheat

0811-501), Electric and optical fibre cables — Test methods for non-metallic mater

thing compounds

als

als

als

als

als

als

als

als

hs

als

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

0754-2, Test on gases evolved during combustion of materials from cables — PJart 2:

601 Mechanical tests — Tests for determining the mechanical properties of insulating and
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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 pO9—Mectanical tests — T est for resistance of Insutations ana - sheatiis to Crackirg heat
shock test)

IEC 60811-605, Electric and optical fibre cables — Test methods for non-metallicxmaterials —
Part |605: Physical tests — Measurement of carbon black and/or mineral fillef.in”polyethylene
compounds

IEC 60811-606, Electric and optical fibre cables —Test methods for¢non-metallic materials —
Part b06: Physical tests — Methods for determining the density

IEC §1034-2, Measurement of smoke density of cables burAing under defined conditigns —
Part p: Test procedure and requirements

IEC 62230, Electric cables — Spark-test method

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

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

ISO Ind IEC maintain terminological databases for use in standardization at the follgwing
addresses:

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

e |30 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
medi

an 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
fictit

ious value

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

3.2

3.2.1

Bofinii lati

routine test

bm a
5 the

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

3.2.2

sam;ﬂe test

test made by the manufacturer on samples of completed cable arweomponents taken fr
completed cable, at a specified frequency, so as to verify that the finished product meet
specified requirements

3.2.3

type|test

test made before supplying, on a general commercial basis, a type of cable covered by

docu
inten

Note
chang
chara

3.2.
elec
test 1

4 \

4.1

411

ment, in order to demonstrate satisfactery)'performance characteristics to mee
ded application

to entry: Type tests are of such a nature that, after they have been made, they need not be repeated,
Es are made in the cable materials or design or manufacturing process which might change the perfor
teristics.

rical test after installation
hade to demonstrate the-integrity of the cable and its accessories as installed

foltage designations and materials

Rated voltages

Rated AC voltages

The

this
the

inless
nance

D) kV

ated AC voltages UC/U (Um\ of the cables considered in this document are 0,6/1 (1

and 1,8/3 (3,6) kV.

NOTE
used,

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

e.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.

— (Category B: this category comprises those systems which, under fault conditions,|are
operated for a short time with one phase earthed. This period| 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 on |any
occasion, can be tolerated. The total duration of earth faults in any year
should not exceed 125 h.

— (Category C: this category comprises all systems which do not fallinto category A of B.

NOTE|3 In a system where an earth fault is not automatically and promptly isolated, the extra stresses ¢n the
insulajion of cables during the earth fault reduce the life of the cables to@ certain degree. If the system is expected
to be pperated fairly often with a permanent earth fault, it can be advisable to classify the system in Category|C.

The yalues of U, recommended for cables to be used in three-phase systems are listed in
Tablg 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 _category is covered by 3,6/6 (7,2) kV cables in accordance with

IEC 60502-2.

4.1.2 Rated DC voltages

Undgr.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

o Liad et NLPE

&l £3
FOSS—THcea—poryety

eRe

ray—1am —

[

sulating compound based on polyvinyl chloride intended for cables with rated AC voltages U,/U = 3;6/6 kV
designated PVC/B in IEC 60502-2.

The maximum conductor temperatures for different types of insulating compoeund covergd by

this document are give

n in Table 3.

Table 3 — Maximum conductor temperatures for different types‘of insulating compgund

Insulating compound

Maximum conductor temperatuye

°C

Normal operation

Short-circyit
(5 s maximgim

duration
Polyyinyl chloride (PVC/A)
Conductor cross-sectigry< 300 mm? 70 160
Conductor cross-section > 300 mm? 70 140
Crosp-linked polyethylene (XLPE) 90 250
Ethylene propylene rubber (EPR andHEPR) 90 250

The femperatures in Table 3-are based on the intrinsic properties of the insulating materials. It
is important to take intotaccount other factors when using these values for the calculatipn of

current ratings.

For gxample, insnormal operation, if a cable directly buried in the ground is operated ynder
continuous load (100 % load factor) at the maximum conductor temperature shown in Table 3,
the thermal resistivity of the soil surrounding the cable may, in the course of time, increase|from

temperature may greatly exceed the maximum value. If such operating conditions are foreseen,

its originaly*'value as a result of drying-out processes. As a consequence, the condrctor

adequate provisions strattbemade:

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

4.3 Sheathing compounds

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

their abbreviated desig

nations.

The maximum conductor temperatures for the different types of sheathing compound covered

by this document are g

iven 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
Halogen free STg 90
b) |Elastomeric:
Polychloroprene, chlorosulfonated polyethylene or SE, 85
similar polymers

5 (Conductors

The ¢onductors shall be either of Class 1 or Class 2 of plain or metal-coated annealed caopper
or off plain aluminium or aluminium alloy, or of Class/5 of plain or metal-coated copper in
accofdance with IEC 60228.

6 Ipsulation

6.1 Material

The insulation shall be extruded dielectric of one of the types listed in Table 2.
For Nalogen free cables, thelinsulation shall also meet the requirements given in Table 23.

6.2 Insulation thickness

The pominal insulation thicknesses are specified in Table 5 to Table 7.

The fhickness_of any separator shall not be included in the thickness of the insulation.
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Table 5 — Nominal thickness of PVC/A insulation

13—

Nominal cross-sectional area of
conductor

Nominal thickness of insulation at rated voltage

U, U (U,)
0,6/1 (1,2) kV 1,8/3 (3,6) kV

mm? mm mm
1,5 and 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) insulation

Nominal cross-sectional area of
conductor

Naominal thickness of insulation at rated voltage

U, 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
70vand 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

Nominal cross-sectional Nominal thickness of insulation at rated voltage
area of conductor U, U (U,)
0,6/1 (1,2) kV 1,8/3 (3,6) kV
EPR HEPR EPR HEPR
mm?2 mm mm mm mm
1,5and 2,5 1,0 0,7 - -
4 and 6 1,0 0,7 - -
10 and 16 1,0 0,7 2,2 250
25 and 35 1,2 0,9 2,2 2,0
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 2,0
120 1,6 1,2 24 2,0
150 1,8 1,4 24 2,0
185 2,0 1,6 2,4 2,0
240 2,2 1,7 2,4 2,0
300 2,4 1,8 2,4 2,0
400 2,6 2,0 2,6 2,0
500 2,8 2,2 2,8 2,2
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 @assembly of mutticore cables depends on the rated voltage and whether a metallic layer is
applipd to each core.

The following.Subclauses 7.2 to 7.4 do not apply to assemblies of sheathed single-core cgbles.

7.2 | Inpner coverings and fillers

7.21 Construction

The inner coverings may be extruded or lapped.

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 Thickness of extruded inner covering

The approximate 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
— "‘ . (approximate values)
Above Yp-to—amd-rctuding

mm mm mm

- 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 Thickness of lapped inner coverings

The gpproximate thickness of lapped inner coverings.shall be 0,4 mm for fictitious diamgeters
over [aid-up cores up to and including 40 mm and 0,6 mm for larger diameters.

7.3 | Cables with rated voltage 0,6/1 (1,2) kV
7.3.1 General

Cablgs with a rated voltage of 0,6/1 (1;2) kV may have a metallic layer collectively surroupding
the cpres.

NOTE| The choice between cables having and cables not having a metallic layer depends upon national regulfations
and irfstallation requirements for the prevention of possible dangers from mechanical damage or direct electrical
contagt.

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

Cablgs shall have an inner covering over the laid-up cores. The inner covering and fillers|shall
comply with 7.2:

tapes may, however, be applied directly over the assembled cores, omitting the jnner
j i i o¥ | that

CcoverHng—providedth he—nomina nessol eachtape-does A

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

7.3.3 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

2021

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

eithe

7.4.2

r individually or collectively.

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

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

Cabl
unde
cove

When the underlying individual metal layers and the collective metal layer are of diff

mate
in 13
may

For g
(see
rema
exce
howsg

8 Maetal layers for single-core_and multicore cables

The f

a) npetal screen (see Clause 9);

b) c
c)

€

d) metal armolr (see Clause 12).

The
magr

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

ps with an additional collective metal layer (see Clause 8) of the same“material a
rlying individual metal layers shall have an inner covering over the laid<up cores. The
ing and fillers shall comply with 7.2 and shall be non-hygroscopic.

rials, they shall be separated by an extruded sheath of,0one of the materials spe

be obtained by an inner covering in accordance with 7.2.

ables having neither armour, nor concentric_cenductor, nor other collective metal
Clause 8), the inner covering may be omitted, provided the outer shape of the

ins practically circular. The oversheath may penetrate into the interstices of the ¢
bt in the case of thermoplastic overshéaths over circular cores exceeding 10 mm
ver, an inner covering is applied, its thickness need not comply with 7.2.3 nor 7.2.4.

ollowing types of metalsayers are included in this document:

bncentric conductor (see Clause 10);
ad sheath (see Clause 11);

metal Jayer(s) shall comprise one or more of the types listed above and shall be

etic-when applied to either single-core cables or individual cores of multicore cables|

5 the
nner

erent
cified

2. For lead-sheathed cables, the separation from thekuhderlying individual metal layers

layer
cable
pres,
2.1,

non-

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 corrosion, 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

Gapd in the concentric conductor shall comply with national regulations and/or standards.

WheI choosing the material of the concentric conductor, special considerationrshall be

to th

possibility of corrosion, not only for mechanical safety but also for electrical safety.

10.2| Requirements

The

dimensional and physical requirements of the concentric conductor and its elec

resisfance shall be determined by national regulations and/or standards.

10.3| Application

Whem a concentric conductor is required, it shall be applied over the inner covering in the
of mylticore cables. In the case of single-core cables/it’shall be applied either directly ove

insu

11

The

lation or over a suitable inner covering.

Metal sheath

seanyless tube.

The

mominal thickness shall be calculated using the following formula:

oo = 0,03 Dy + 0,7

wherp
fop 1 the nominal thickness of lead sheath, in millimetres;
Dy iy the\fictitious diameter under the lead sheath, in millimetres (rounded to the first dec

jiven

trical

case
r the

sheath shall consist of lead or lead*alloy and shall be applied as a reasonably tight-flitting

mal

placeg’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 thpse cases where ihe sieel armour wire layer Is required 1o comply with a nminjmum
condlctance, it is permissible to include sufficient copper or tinned copper wires in the armour
layer{to ensure compliance.

When choosing the material of the armour, the possibility of corrosion shall)be taken into
cons|deration, not only for mechanical safety, but also for electrical safety, gespecially whepn the
armolur is used as a screen.

The grmour of single-core cables for use on AC systems shall consist of non-magnetic material,
unlegs a special construction is chosen.

12.3| Application of armour
12.31 Single-core cables

In the case of single-core cables, an inner covering, extruded or lapped, of the thickness
specffied in 7.2.3 or 7.2.4, shall be applied undet the armour.

12.3)2 Multicore cables

In theg 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.

12.33 Separation sheath

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

The gheathing compound type shall be suitable for the operation temperature in accordance
with Table 4.

For Ialogen free cables, the separation sheath (STg) shall meet the requirements given in
Tablg 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 nominal
thickness shall be not less than 1,0 mm.

12.3.4 Lapped bedding under armour for lead-sheathed cables

The

impregnated and compounded paper tapes or a combination of two layers of impregnateq

comy

The
comg
the w

Synthetic tapes may be used instead of impregnated paper tapes.

The
appli

12.4

The
of th

Roun
0
Flat
0
Tape
0
Tape
0

lapped bedding applied to the compound coated lead sheath shall consist of.\g

ounded paper tapes followed by one or more layers of compounded fibrous material

mpregnation of bedding materials may be made with bituminous or other preseryv
ounds. In the case of wire armour, these compounds shall not be applied directly U
ires.

fotal thickness of the lapped bedding between the lead sheath and the armour
cation of the armour shall have an approximate value‘of 1,5 mm.

ither
and

ative
nder

after

Dimensions of the armour wires and armour tapes

ominal dimensions of the armour wires and‘armour tapes should preferably consist of one
following values:

d wires:

8 or 1,25 or 1,6 or 2,0 or 2,5'0r3,15-mm diameter;

vires:

8 mm thickness;

s of steel:

2 or 0,5 or)0;8-mm thickness;

s of aluminium or aluminium alloy:

5°01r0,8-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 1,6
25 35 2,0
35 60 2,5
60 - 3,15
Table 10 — Nominal thickness of armour tapes
Fictitious diameter under the armour Nominal thickness of tape
Above Up to and including Steel or galvanized Aluminium or alumipium
steel alloy
mm mm mm mm
- 30 0,2 0,5
30 70 06 0,5
70 - 0,8 0,8
NOTE This table does not apply to cables having metallic, tapes applied directly over the assembled gores
(see|7.3.2).

For flat armour wires and fictitious diamgters under the armour greater than 15 mm, the no

thick
armo

12.6

The
helix
provi

Tolenances on this\steel tape shall comply with 16.7.3.

12.7

ness of the flat steel wire shall~be 0,8 mm. Cables with fictitious diameters unde
ur up to and including 15 mmshall not be armoured with flat wires.

Round or flat wire armour

wire armour shall be closed, i.e. with a minimum gap between adjacent wires. An
consisting of galvanized steel tape with a nominal thickness of at least 0,3 mm m3
ded over a flatsteel wire armour and over a round steel wire armour, if neces

Double tape armour

Whelp

minal
r the

open
y be
sary.

atape armour and an inner covering as specified in 7.2 are used, the inner covering

shall

be reinforced by a taped bedding. The approximaie 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

requi

rements 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 theretsconcermthattheoverstreath-wittbedeteriorated-by - Uvradiatiomtheoverstreath

be p

polysd
provi
cond

13.2

The

Tabl¢ 4.

Halo
flamd

rotected against UV radiation, which will be mutually agreed with the client:
thylene oversheaths containing the required amount of carbon black (see Table+20
de protection against UV radiation depending on geographical regions and meteorolg
tions.

Material

bversheath shall consist of an extruded sheathing compound of.6he of the types list

jen free sheathing material shall be used on cables which exhibit properties of red
spread, low levels of smoke emission and halogen free gas emission when expos

shall
Black

can
gical

ed in

uced
ed to

with

ermite
ion in

fire. The oversheath (STg) of halogen free cables shall meet the requirements given in Table 23.
The gheathing material shall be suitable for the\oeperating temperature in accordance
Tablg 4.

NOTE| Chemical additives can be requested for use‘in the oversheath for special purposes, for example t
protedtion. Any additive can be permitted by locaklegislation for manufacture and use in the intended applica

the relevant countries.

13.3| Thickness

Unlegs otherwise specified; the nominal thickness ¢, expressed in millimetres shall be

calc(

wher
Anneg

lated using the following formula:

ts=0,035D +1,0

e D is the fictitious diameter immediately under the oversheath, in millimetres
X A).

(see

The

alue resulting from the formula shall be rounded off to the nearest 0.1 mm (see Anng

x 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| Waveform of impulse test voltages

In accordance with IEC 60230, the impulse wave shall have a virtual front time)between| 1 ps
and p ys and a nominal time to half the peak value between 40 us and 60\us, and in pther
respgcts shall be in accordance with IEC 60060-1.

15 Routine tests

15.1| General

Rout|ne tests are normally carried out on each manufactuted length of cable (see 3.2.1)[ The
number of lengths to be tested may, however, be reduged in accordance with agreed qality
control procedures.

The outine tests required by this document include:

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

15.2| Electrical resistance of conductors

Resigtance measurements shall-be made on all conductors of each cable length submitted to
the routine tests, including the’ concentric conductor, if any.

The ¢omplete 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 cagse of
doubt as to whether the conductor temperature is the same as the room temperature, the
resistance shallbe measured after the cable has been in the test room for 24 h. Alternat|vely,
the rpsistance’can be measured on a sample of conductor conditioned for at least 1 h in a
tempgrature 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

cond

Singl

uctor and the metal screen.

e-core unscreened cables shall be either

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

b

etween the conductor and the water, or

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

15.3.

This praocedure applies for all insulation thicknesses tabled in this document

3 Test procedure for multicore cables

For multicore cables with individually screened cores, the test voltage shall be applied for !

betw

ben each conductor and the metallic layer.

For multicore cables without individually screened cores, the test voltage’shall be applie
5 min in succession between each insulated conductor and all thesother conductors

colle

The
limit

ctive metallic layers, if any.

conductors may be suitably connected for successive applications of the test volta
he total testing time, provided that the sequence of connections ensures that the vo

is agplied for at least 5 min without interruption between each conductor and each

condpctor and between each conductor and the metallic tayers, if any.
Alterpatively, three-core cables may be testedcinya single operation by using a three-p
transfformer.

15.3.

The

4 Test voltage

for tHe standard rated voltages are'given in Table 11.

Table 11 — Routine test voltages

b mMin

d for
and

je to
Itage
bther

hase

bower frequency test voltage shall'be 2,5 Uy + 2 kV. Values of single-phase test volfages

Ratedl voltage U, kV 0,6 1,8

Test [voltage kV 3,5 6,5

If, for three=core cables, the voltage test is carried out with a three-phase transformer, the test
voltape/between 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

15.3.

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

5 Requirement

No breakdown 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
16.2.

Condg
meag
serie
than

16.2.

Phys
with

2021

—Frequency of samptetests

1 Conductor examination and check of dimensions

uctor examination, measurement of the thickness of insulation and),sheath
urement of the overall diameter shall be made on one length from each-manufact
5 of the same type and nominal cross-section of cable, but shall beNimited to not
10 % of the number of lengths in any contract.

2 Physical tests

cal tests shall be carried out on samples taken from matufactured cables in accord

and
uring
more

ance

agreed quality control procedures. In the absence oftsuch an agreement, for contracts

wherp the total length exceeds 2 km for multicore cables or 4 km for single-core cables, Jtests
shalllbe made on the basis of Table 12.
Table 12 — Number of samples for sample tests
Cable length
Multicore cables Single-core cables Number of
Above Up to and including Above Up to and including samples
km km km km
2 10 4 20 1
10 20 20 40 2
20 30 40 60 3
etc, etc. etc.
16.3 | Repetition of tests
If any sample fails in any of the tests in Clause 16, two further samples shall be taken from the
samg 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 dqables having more than three cores with conductors of equal nominal cross-sectiorn, the
number of cores on which the measurement is made shall be limited to either three.corgs or
10 %| of the cores, whichever is larger.

16.5.2 Requirements for the insulation

For gach piece of core, the average of the measured values, rounded to0,1 mm in accordance
with Annex B, shall be not less than the nominal thickness, and the smallest value meagured
shall|not fall below 90 % of the nominal value by more than 0,1 mmjieé.:

{2 091,-0,1

wherg

i the minimum thickness, in millimetres;

i the nominal thickness, in millimetres.

16.5.3 Requirements for non-metallic sheaths
The minimum thickness of the non-metallic sheath shall not fall below 80 % of the nominal yalue
by mpre than 0,2 mm, i.e.:

tn208¢,-0,2

16.6 | Measurement of\thickness of lead sheath

16.61 General

The minimum thickness of the lead sheath shall be determined by one of the following methods,
at th¢ discfetion of the manufacturer, and shall not fall below 95 % of the nominal value by more
than 0,4, mm, 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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3 Ring method

2021

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
16.7.

The
micrd
meas

Measurement of armour wires and tapes
1 Measurement on wires

liameter of round wires and the thickness of flat wires shall be measured by means
meter having two flat noses to an accuracy of +0,01 mm. For _round wires,
urements shall be made at right angles to each other at the same position and the ave

of thg¢ two values taken as the diameter.

16.7.

The

2 Measurement on tapes

measurement shall be made with a micrometer having\two flat noses of approxim

5 mm in diameter to an accuracy of £0,01 mm. For tapes Up to 40 mm in width, the thicK

shall
20 m

16.7.

m from each edge of the tape and the average ©f the results taken as the thickness.

3 Requirements

The dimensions of armour wires and tapes, shall not fall below the nominal values given in

by m
- 5
- 8
- 1

16.8

If the
be c4

16.9

16.9.

bre than:

% for round wires;
% for flat wires;
D % for tapes.

Measurement of.external diameter

measurement\of the external diameter of the cable is required as a sample test, it
rried out insaccordance with IEC 60811-203.

Hot-settest for EPR, HEPR and XLPE insulation and elastomeric sheaths

1 Procedure

of a
two
rage

ately
ness

be measured at the centre of the width. For wider-{apes the measurements shall be made

12.5

shall

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

171

General

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

a) insulation resistance measurement at ambient temperature (see 17.2);

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

c) Vv

Cabl
sepa

The {ests shall be limited to not more than three cores.

17.2
17.2.

This

All o
temp

The
to re
more

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

If req

17.2.

The
folloy

pltage test for 4 1 (see 17.4).

ps of a rated voltage of 1,8/3 (3,6) kV shall also be subjected to an impuls€)test
rate sample of completed cable, 10 m to 15 m in length (see 17.5).

Insulation resistance measurement at ambient temperature
1 Procedure

fest shall be made on the sample length before any other‘electrical test.

Liter coverings shall be removed and the cores shall be immersed in water at am
erature for at least 1 h before the test.

DC test voltage shall be between 80 V and 500 V and shall be applied for a sufficient
ach a reasonably steady measurement,~budt in any case for not less than 1 min an
than 5 min.

uested, measurement may_be confirmed at a temperature of (20 £ 1) °C.

2 Calculations

volume resistiyity—shall be calculated from the measured insulation resistance b
ving formula:

_2xmxI]xR
p_—

on a

bient

time
0 not

the

D

In7
where
p is the volume resistivity, in ohms centimetres;
R is the measured insulation resistance, in ohms;
[ 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 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 rinsutationm resistance measurement at maximurnT comductor temperatare
17.3[1 Procedure

The ¢ores of the cable sample shall be immersed in water at a temperature within'+2 K gf the
maxifnum 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
reas@nably steady measurement, but in any case for not less than.49 min and not more|than
5 min.

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

17.3J2 Calculations

The yolume resistivity and/or the insulation resistance constant shall be calculated from the
insulation resistance by the formulae given in 17:2:2.

17.33 Requirements

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

17.4 | Voltage test for 4 h
17.41 Procedure

The ¢ores of the cable-sample shall be immersed in water at ambient temperature for at|least
1 h before the test.

A power frequency voltage equal to 4 U, shall then be gradually applied and maintained
contipuously'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| General

The pon-electrical type tests required by this document are given in Table 14.

18.2| Measurement of thickness of insulation
18.2/1 Sampling

One pample shall be taken from each insulated cable core.

For dables having more than three cores with conductors ef‘equal nominal cross-sectior, the
number of cores on which the measurement is made shall be limited to either three ¢ores
or 100 % of the cores, whichever is larger.

18.2)2 Procedure

The measurements shall be made as describedsin [IEC 60811-201.

18.23 Requirements
See 16.5.2.

18.3| Measurement of thickhess of non-metallic sheaths (including extruded separgtion
sheaths, but excluding inner coverings)

18.3/1 Sampling

One pample of cable shall be taken.

18.3)2 Procedure

The llneasurements shall be made as described in IEC 60811-202.

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,
excepl by agreement between the purchaser and the manufacturer.

18.43 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out,as descfibed
in IEC 60811-501.

18.44 Requirements

The {est results for aged and unaged test pieces shall comply with\the requirements given in
Tablg 15.

18.5| Tests for determining the mechanical properties ©of non-metallic sheaths befofe
and after ageing

18.5/1 Sampling

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

18.52 Ageing treatments

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

18.53 Conditioning and mechanical tests

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

18.5/4 Requirements

The {est tesults for aged and unaged test pieces shall comply with the requirements given in
Tablg 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 plreces O INsuiation ana oversneatin 1ol the daged pleces O CaDle Shidll De prepare and
subjgcted to mechanical tests as described in IEC 60811-401.

18.6/5 Requirements

The yariations between the median values of tensile strength and elongation-at-break |after
ageinng and the corresponding values obtained without ageing (see 18.4,and 18.5) shal|l not
excegd the values applying to the test after ageing in an air oven specified in Table 15 for
insulation, and Table 18 for non-metallic sheaths.

18.7 | Loss of mass test on PVC sheaths of type ST,
18.71 Procedure

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

18.72 Requirements

The fest results shall comply with the requiréments given in Table 19.

18.8| Pressure test at high temperature on insulation and non-metallic sheaths
18.8/1 Procedure

The pressure test at high temperature shall be carried out in accordance with IEC 608111508,
emplpying the test conditions given in the test method and in Table 16, Table 19, Table 2Q and
Tablg 21.

18.82 Requirements

The fest results'shall comply with the requirements given in IEC 60811-508.

18.9| Test on PVC insulation and sheaths and halogen free sheaths at low temperafures

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 $ampling and test procedure shall be carried out in accordance with IEC®60811-403| The
ozong concentration and test duration shall be in accordance with Table 17.

18.11.2 Requirements

The fesults of the test shall comply with the requirements given in(lEC 60811-403.

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

The $ampling and test procedure shall be carried out in@ccordance with 16.9 and shall cgmply
with [ts requirements.

18.13 Oil immersion test for elastomeric sheaths
18.13.1 Procedure

The pampling and test procedure shalbbe carried out in accordance with IEC 608111404,
emplpying the conditions given in Table 22.

18.13.2 Requirements

The fesults of the test shall comply with the requirements given in Table 22.

18.14 Water absorption test on insulation
18.14.1 Procedure

The pampling and test procedures shall be carried out in accordance with IEC 60811t402,
emplpying_ 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 Flame spread test on bunched cables

This test shall be carried out on ST4 oversheathed halogen free cables.
The test method and requirements shall be those specified in IEC 60332-3-24.

18.15.3 Smoke emission test

This test shall be carried out on STg oversheathed halogen free cables.

18.1%.4 Acid gas emission test

18.1%5.4.1 General

This fest shall be carried out on the non-metallic components of STg oversheathed haloger) free
cablgs.

18.1%.4.2 Procedure

The fest method shall be that specified in IEC 60754-1.

18.1%.4.3 Requirements

The fesults of the test shall comply with the requirements of Table 23.

18.1%.5 pH and conductivity test
18.1%.5.1 General

This fest shall be carried out on the non-metallic components of STg oversheathed haloger) free
cablgs.

18.1%.5.2 Procedure

The fest method shall be'that specified in IEC 60754-2.

18.1%.5.3 Requirements

The fesults ofthe test shall comply with the requirements of Table 23.

18.1%.6- Fluorine content test

18.15.6.T 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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