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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
national electrotechnical committees (IEC National Committees). The object of\|EC is to pr
rnational co-operation on all questions concerning standardization in the electrical and'‘€lectronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as

IELC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fd
miginterpretation by any end user.

Inforder to promote international uniformity, IE€\National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possiblg\in their national and regional publications. Any diverq
beffween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IELC itself does not provide any attestation of conformity. Independent certification bodies provide conf
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sefvices carried out by independent certification bodies.
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This redline version of the official IEC Standard allows the user to identify the changes
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has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60502-2 has been prepared by IEC technical committee 20: Electric

cable

S.

This third edition cancels and replaces the second edition, published in 2005, and constitutes a

techn

ical revision.

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

third

edition:

a) a simplified calculation procedure for the thickness of the lead sheath and the oversheath;
b) a[new subclause for the determination of the cable conductor temperatare,

c) a|modified procedure for the routine voltage test;

d) a|new subclause for a routine electrical test on oversheath;

e) mjodified requirements for the non-metal sheaths including semi-conductive(layer;

f) modified tolerances for the bending test cylinder;

g) the inclusion of a 0,1Hz test after installation.

In addition, the modified structure of the IEC 60811 series has been adopted for this
editign.

The following editorial changes have been made within the English version:

— 'metallic’ has been replaced by ‘metal’;

—

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

Full i
votin

This
A list
extru

(Unm

The

hermosetting’ has been replaced by ‘crosslinked*

FDIS Report on voting
20/1469A/EDIS 20/1472/RVD

nformation on the voting.for the approval of this standard can be found in the repd
j indicated in the abovetable.

publication has been*drafted in accordance with the ISO/IEC Directives, Part 2.

of all parts_in.the IEC 60502 series, published under the general title Power cableg
ded insulation and their accessories for rated voltages from 1kV (U, = 1,2 kV) up to
= 36 kV), ¢an be found on the IEC website.

rt on

with
B0 kV

il the

stabi

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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 2: Cables for rated voltages from 6 kV
(Un =7,2 kV) up to 30 kV (U, = 36 kV)

1 $cope

This

cablg

distri

Whe

is co

bution networks or industrial installations.

h determining applications, it is recommended that the possible risk of radial water in

and an associated test are included in this part of IEC 60502.

Cabl

overh

area

2

The
are i
unda

appli

IEC 4
IEC 4

IEC ¢
testir

IEC 4
IEC 4
IEC 4

nor for submarine use or shipboard application.

Normative references

ollowing documents, in whole or in part; are normatively referenced in this documen

fed references, the latest edition ofdhe referenced document (including any amendm
BS.

0038, IEC standard voltagés

0060-3, High-voltage test techniques — Part 3: Definitions and requirements for o
g

0183, Guide'to the selection of high-voltage cables

0228Conductors of insulated cables

0229:2007, Tests on cable oversheaths which have a special protective function an

0060-1, High-voltage ‘test techniques — Part 1: General definitions and test requireme

part of IEC 60502 specifies the construction, dimensions and test requirements of gower
s with extruded solid insulation from 6 kV up to 30 kV for fixed instattations sugh as

jress

nsidered. Cable designs with barriers claimed to prevent longitudinal water penetration

bs for special installation and service conditions are npt\included, for example cablgs for
ead networks, the mining industry, nuclear power plants (in and around the contain

ment

I and

ndispensable for its application. For_dated references, only the edition cited applies. For

ents)

nts

h-site

o are

applied by extrusion

IEC 60230, Impulse tests on cables and their accessories

IEC 60287-3-1, Electric cables — Calculation of the current rating — Part 3: Sections on
operating conditions — Section 1: Reference operating conditions and selection of cable type

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

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

0811 (all parts), Electric and@al fibre cables — Test methods for non-mgq
rials
xO

0811-201, Electric and o | fibre cables — Test methods for non-metallic mater
P01: General tests — M@s\ ement of insulation thickness

.

0811-202, Electric 'and optical fibre cables — Test methods for non-metallic mater
P02: General tes@gfeasurement of thickness of non-metallic sheath

0811-203, §$gfric and optical fibre cables — Test methods for non-metallic mater
P03: Gen@ ests — Measurement of overall dimensions

0811%9, Electric and optical fibre cables — Test methods for non-metallic mater
40&/.Q\Jlscellaneous tests — Thermal ageing methods — Ageing in an air oven

als —

als —

als —

als —

IEC u%ﬁﬁ@?ﬂeﬁfmﬁ‘mﬂﬁ#ﬁbmﬂﬁsﬁeﬂmmﬂmmmmms -

Part 402: Miscellaneous tests — Water absorption tests

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

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

IEC 60811-405, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 405: Miscellaneous tests — Thermal stability test for PVC insulations and PVC sheaths

IEC 60811-409, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 409: Miscellaneous tests — Loss of mass test for thermoplastic insulations and sheaths
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IEC 60811-501, Electric and optical fibre cables — Test methods for non-metallic materials —
Part 501: Mechanical tests — Tests for determining the mechanical properties of insulating and

shea

IEC 60811-502, Electric and optical fibre cables — Test methods for non-metallic materials

thing compounds

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 insulation and sheaths

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part

IEC ¢
Part
shoc

IEC ¢
Part
com

IEC ¢
Part

IEC ¢

0811-505, Electric and optical fibre cables — Test methods for non-metallic matér
b05: Mechanical tests — Elongation at low temperature for insulations and sheaths

0811-506, Electric and optical fibre cables — Test methods for non-metallic mater
b06: Mechanical tests — Impact test at low temperature for insulations arid ,sheaths

0811-507, Electric and optical fibre cables — Test methods for non-metallic mater
607: Mechanical tests — Hot set test for cross-linked materials

0811-508, Electric and optical fibre cables — Test methods for non-metallic mater
b08: Mechanical tests — Pressure test at high temperature’for’'insulation and sheaths

0811-509, Electric and optical fibre cables — Test migthods for non-metallic mater
509: Mechanical tests — Test for resistance of insulations and sheaths to cracking
k test)

0811-605, Electric and optical fibre cables.>" Test methods for non-metallic mater
605: Physical tests — Measurement of carbon black and/or mineral filler in polyeth
ounds

0811-606, Electric and optical fibrg,"cables — Test methods for non-metallic mater
606: Physical tests — Methods forgetermining the density

0853 (all parts), Calculationfof the cyclic and emergency current rating of cables

0853-2, Calculation of the cyclic and emergency current rating of cables — Part 2: (

(Um

j of cables greater than 18/30 (36) kV and emergency ratings for cables of all voltage

50986, “Short-circuit temperature limits of electric cables with rated voltages from
7,2°KV) up to 30 kV (U, = 36 kV)

als —

als —

als —

als —

als —
heat

als —
lene

als —

byclic

o

artial

6 kV

10 IRHD and 100 IRHD

3 Terms and definitions

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

3.1

Definitions of dimensional values (thicknesses, cross-sections, etc.)
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3.1.1
nomi

nal value

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

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

taking

3.1.2

into account specified tolerances.

approximate value
value which is neither guaranteed nor checked; it is used, for example, for the calculation of

other

dimensional values

3.1.3
med
when

an value

succession, the median value is the middle value if the number of available values is odd
the npean of the two middle values if the number is even

3.1.4
fictit
value

3.2

3.21

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

Definitions concerning the tests

routine tests

tests

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

length meets the specified requirements

3.2.2

sample tests

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

3.23

type |tests

tests| made before supplying, on a general commercial basis, a type of cable covered b

stand

ard, in order( to demonstrate satisfactory performance characteristics to mee

intended application

Note 1
unless
perfor

changes” are made in the cable materials or design or manufacturing process which might chan
mance.characteristics.

several test results have been obtained and ordered in an increasing (Qr’decread

to entrys_These tests are of such a nature that, after they have been made, they need not be rep|

sing)
and

each

bom a
s the

this

the

pated,
e the

3.24
elect
tests

rical tests after installation
made to demonstrate the integrity of the cable and its accessories as installed

4 Voltage designations and materials

4.1

Rated voltages

The rated voltages Up/U(Uy,) of the cables considered in this standard are as follows:

Uo/U(Up) = 3,6/6 (7,2) — 6/10 (12) — 8,7/15 (17,5) — 12/20 (24) — 18/30 (36) kV.
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| NOTE-+ The voltages given above are the correct designations although in some countries other designations are

used, e.g. 3,5/6 — 5,8/10 — 11,5/20 — 17,3/30 kV.

In the voltage designation of cables Uy/U(Up,):

| Uy is the rated power frequency voltage between conductor and earth or metallic screen for

which the cable is designed;

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

Un is the maximum value of the "highest system voltage" for which the equipment may be

used (see IEC 60038).

The atcd VU:tGuU Uf thU uab:c fUI d U;VGII app:luatluu eha“ bU cbutab:c fUl thc U}JUI
condjtions in the system in which the cable is used. To facilitate the selection of the.o
systegms are divided into three categories:

— category A:  this category comprises those systems in which any phase_leonductor
comes in contact with earth or an earth conductor is discennected fror
system within 1 min;

— category B:  this category comprises those systems which, under | fault conditions
operated for a short time with one phase earthed. {Fhis period, accordi

longer period, not exceeding 8 h on any occasion, can be tolerated. The
duration of earth faults in any year should not.exceed 125 h;

— category C: this category comprises all systems which-do not fall into category A or B.

| NOTEl2—It should be realized that in a system wherenan earth fault is not automatically
promlftly isolated, the extra stresses on the insulation of cables during the earth fault re
the life of the cables to a certain degree. If thetsystem is expected to be operated fairly
with § permanent earth fault, it may be advisable to classify the system in category C.

The palues of Uy recommended for cables to be used in three-phase systems are list
Tablg 1.

Table 1°~ Recommended rated voltages U

ating
able,

that
n the

are
ng to

IEC 60183, should not exceed 1 h. For cables covered by this standard, a

total

and
duce
often

ed in

Highest system voltage Rated voltage (U,)
(Um) kv
kV Categories A and B Category C

7,2 3,6 6,0
12,0 6,0 8,7
17,5 8,7 12,0
24,0 12,0 18,0
36,0 18,0 -

4.2 Insulating compounds

The types of insulating compound covered by this standard are listed in Table 2, together with

their abbreviated designations.
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Table 2 — Insulating compounds

Abbreviated

Insulating compound designation

a) Thermoplastic

polyvinyl chloride intended for cables with rated voltages Uy/U = 3,6/6 kV PVC/B*
b) Thermeosetting Crosslinked:

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 voltages
Uy/U < 1,8/3 kV is designated PVC/A in IEC 60502-1.

maximum conductor temperatures for different types of insulating compound covergd by
this dtandard are given in Table 3.

und

Maximum conductor temperature

Insulating compound ©
Normal operation Short-circuit
(5 s maximum duratjon)

Polyvinyl chloride (PVC/B)

Conductor cross-section <300 mm? 70 160

Conductor cross-section >300'mm? 70 140
Crops-linked polyethylene (XLPE) 90 250
Ethylene propylene rubber (EPR and HEPR) 90 250

The {emperatures in Table 3 are based on the intrinsic properties of the insulating materials. It

is im

current ratings.

For

conti
the t
from
temp
adeq

ortant to take into account,other factors when using these values for the calculati

xample, in normaReperation, if a cable directly buried in the ground is operated

hermal resistivity of the soil surrounding the cable may, in the course of time, incj
its originatyvalue as a result of drying-out processes. As a consequence, the cond
erature may greatly exceed the maximum value. If such operating conditions are fore
uate provisions shall be made.

bn of

nder

huous load (100-%“load factor) at the maximum conductor temperature shown in the fable,

ease
uctor
seen,

For ¢

uidance on continuous current ratings, reference should be made to Annex B, incl

ding

the ratings under standard laying conditions, in Tables B.2 to B.9, and correction factors for
deviation laying conditions, in Tables B.10 to B.23.

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

4.3

Sheathing compounds

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

by th

is standard are given in Table 4.
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Table 4 — Maximum conductor temperatures for different types
of sheathing compound

Sheathing compound

Abbreviated
designation

Maximum conductor
temperature in
normal operation

°C

a) Thermoplastic:
polyvinyl chloride (PVC) ST, 80
ST, 90
popyethytene S+ 80
ST, 90

b) Elgstomeric:

polychloroprene, chlorosulfonated polyethylene SE; 85

or|similar polymers

5 Conductors

The gonductors shall be either of class 1 or class 2 of plain-of, metal-coated annealed caopper
or of[plain aluminium or aluminium alloy in accordance with:JEC 60228. For class 2 conductors
meagures may be taken to achieve longitudinal watertightness.

6 Insulation

6.1 Material

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

6.2 Insulation thickness

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

The [thickness of any separator or semi-conducting screen on the conductor or ovel the
insulation shall not besincluded in the thickness of the insulation.

Table 5 — Nominal thickness of PVC/B insulation

Nominal cross-sectional
area of conductor
mm?2

Nominal thickness of insulation at rated voltag

3,6/6 (7,2) kV
mm

W

P I AYaY
T

40 a
TO O~ OUU

24
> ra i

NOTE 1 Any smaller conductor cross-section than those given in this table is not recommended. However, if a
smaller cross-section is needed, either the diameter of the conductor may be increased by a conductor screen (see
7.2), or the insulation thickness may be increased in order to limit, at the values calculated with the smallest
conductor size given in this table, the maximum electrical stresses applied to the insulation under test voltage.

NOTE 2 For conductor cross-sections larger than 1- 000 mm?2, the insulation thickness may be increased to avoid
any mechanical damage during installation and service.
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Table 6 — Nominal thickness of cross-linked polyethylene (XLPE) insulation

Nominal cross- Nominal thickness of insulation at rated voltage
sectional area Up/U (Urn)
of conductor 3,6/6 (7,2) kV 6/10 (12) kV | 8,7/15 (17,5) kV | 12/20 (24) kV 18/30 (36) kV
mm?2 mm mm mm mm mm
10 2,5 - - - -
16 2,5 3,4 - - -
25 2,5 3,4 4,5 - -
35 2.5 34 4.5 5.5
50 to 185 2,5 3,4 4,5 5,5 844
240 2,6 3,4 4,5 5,5 8,
300 2,8 3,4 4,5 5,5 8,4
400 3,0 3,4 4,5 5,5 8,
500 to 1 600 3,2 3,4 4,5 5,5 8,4

NOTE|1

Any smaller conductor cross-section than those given in this table is notrecommended. However, if a

smallgr cross-section is needed, either the diameter of the conductor may be increased by a conductor scre¢n (see

7.2),

br the insulation thickness may be increased in order to limit, at the Values calculated with the smallest
conduftor size given in this table, the maximum electrical stresses applied to the,insulation under test voltage

NOTE|2 For conductor cross-sections larger than 1 000 mm?, the insulatioh/thickness may be increased tp avoid
any mechanical damage during installation and service.

Table 7 — Nominal thickness of ethylene’propylene rubber (EPR)

and hard ethylene propylene rubber (HEPR) insulation

Nominal thickness of insulation at rated voltage Uy/U (U,,)
Nomfinal cross-
se:Iional area 3,6/6 (7,2) 6/10 (12) 8,7/15 (17,5) 12/20 (24) 18/3Q (36)
of ¢onductor kv kv kV kv kv
mm?2 Unscreened Screened
mm mm mm mjm
mm mm
10 3,0 2,5 - - - L
16 3,0 2,5 3,4 - - L
25 3,0 2,5 3,4 4,5 - L
35 3,0 2,5 3,4 4,5 5,5 +
5p to 185 3,0 2,5 3,4 4,5 5,5 8|0
240 3,0 2,6 3,4 4,5 5,5 8|0
300 3,0 2,8 3,4 4,5 5,5 8|0
400. 3,0 3,0 3,4 4,5 5,5 8|0
500 to;1 600 3,2 3,2 3,4 4,5 5,5 8|0
NOTE 1 Any smaller conductor cross-section than those given in this table is not recommended. However, if a

smaller cross-section is needed, either the diameter of the conductor may be increased by a conductor screen (see
7.2), or the insulation thickness may be increased in order to limit, at the values calculated with the smallest
conductor size given in this table, the maximum electrical stresses applied to the insulation under test voltage.

NOTE 2 For conductor cross-sections larger than 1 000 mm?, the insulation thickness may be increased to avoid
any mechanical damage during installation and service.

7 Screening

71 General

All cables shall have a metallic layer surrounding the cores, either individually or collectively.
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Screening of individual cores in single or three-core cables, when required, shall consist of a
conductor screen and an insulation screen. These shall be employed in all cables with the
following exceptions:

a) at rated voltage 3,6/6 (7,2) kV cables insulated with EPR and HEPR may be unscreened,
provided the larger insulation thickness in Table 7 is used,;

b) at rated voltage 3,6/6 (7,2) kV cables insulated with PVC shall be unscreened.

7.2 Conductor screen

The conductor screen shall be non-metallic and shall consist of an extruded semi-conducting
compound, which may be applied on top of a semi-conducting tape. The extruded\ $emi-
condpcting compound shall be firmly bonded to the insulation.

7.3 Insulation screen

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

The npon-metaltie layer shall be extruded directly upon the insulation.'ofyjeach core and consgist of
eithef a bonded or strippable semi-conducting compound.

A layer of semi-conducting tape or compound may then be @applied over the individual corgs or
the cpre assembly.

The [metallic layer shall be applied over either the individual cores or the core assgmbly
collegtively and shall comply with the requirements.of Clause 10.

8 Assembly of three-core cables, inher coverings and fillers

8.1 General

The @gssembly of three-core cables.depends on the rated voltage and whether a metallic s¢reen
is applied to each core.

Subdauses 8.2 to 8.4 do'not apply to assemblies of sheathed single-core cables.

8.2 | Inner coverings and fillers
8.2.1 Construction

The innercoeverings may be extruded or lapped.

For cabteswithrtitcutar cores, a tapped-immer tovering stattbepermitted-omntyif the-imterstices
between the cores are substantially filled.

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

8.2.2 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.

8.2.3 Thickness of extruded inner covering

The approximate thickness of extruded inner coverings shall be derived from Table 8.
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Table 8 — Thickness of extruded inner covering

Fictitious diameter over laid-up cores Thickness of extruded
- - inner covering
Above Up to and including (approximate values)
mm mm mm
- 25 1,0
25 35 1,2
35 45 1,4
45 60 1,6
B0 B0 T8
80 - 2,0
8.2.4 Thickness of lapped inner covering
The ppproximate thickness of lapped inner coverings shall be 0,4 mm~for fictitious diamjeters
over Jaid-up cores up to and including 40 mm and 0,6 mm for larger diameters.
‘ 8.3 | Cables having a collective metallic layer (see Clause,9)
Cable¢s shall have an inner covering over the laid-up cores.~The inner covering and fillers|shall
comply with 8.2 and shall be non-hygroscopic except if the Cable is claimed to be longitudjnally
wateftight.
| For gables having a semi-conducting screen over each individual core and a collective metallic
layer| the inner covering shall be semi-conducting; the fillers may be semi-conducting.

| 8.4

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

Cabl
unde
inner
is cl
cond

| Whe
mate
| in14

Cables having a metallic layer over each individual core
(see Clause 10)

bs with an additional caéllective metallie layer (see Clause 9) of the same material a
rlying individual metallic layers shall have an inner covering over the laid-up cores
covering and fillers:shall comply with 8.2 and shall be non-hygroscopic except if the
himed to be Jongitudinally watertight. The inner covering and fillers may be ;5
Licting.

n the underlying individual metallie layers and the collective metallic layer are of diff]
rials,.they shall be separated by an extruded sheath of one of the materials spe
2 For lead sheathed cables, the separation from the underlying individual metallic |

s the

The
cable
semi-

erent
cified
byers

may

be obtained by an inner covering according to 8.2.

| For cables without a collective metallic layer (see Clause 9), the inner covering may be omitted
provided the outer shape of the cable remains practically circular.

Q O T O

)
)
)
)

9 Metallie layers for single-core and three-core cables

The following types of metallic layers are included in this standard:

metallic screen (see Clause 10);
concentric conductor (see Clause 11);
metallic sheath (see Clause 12);
metallic armour (see Clause 13).


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

-22 - 60502-2:2014 RLV © IEC:

2014

| The metallie 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 three-core cables.

| Measures may be taken to achieve longitudinal watertightness in the region of the metallic
layers.

10 Metalliec screen

10.1

Construction

| The metalke screen shall consist of one or more tapes, or a braid, or a concentric layer of

ora

It ma
with

Whe
poss

Gapg

10.2

The
deter

10.3

Whe
HEP

11

1.1

Gaps

Whe
the p

11.2

combination of wires and tape(s).

y also be a sheath or, in the case of a collective screen, an armour which comn
0.2.

n choosing the material of the screen, special consideration shall be given tg
bility of corrosion, not only for mechanical safety but also for electrical safety.

in the screen shall comply with the national regulations andfor-standards.

Requirements

mined by national regulations and/or standards:

Metallic screens not associated with semi-conducting layers

e metallie screens are employed at rated voltage of 3,6/6 (7,2) kV with PVC, EPR
R insulations, these need not be associated with semi-conducting layers.

Concentric conductor

Construction

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

n choosing the.material of the concentric conductor, special consideration shall be giv
pssibility ef~corrosion, not only for mechanical safety but also for electrical safety.

Requirements

vires

plies

the

dimensional, physical and electrical requirementis of the metallic screen shall be

and

en to

The

trical

dimensionaland physical requirements—of the concentricconductor and—its—seled

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

11.3

Application

When a concentric conductor is required, it shall be applied over the inner covering in the case
of three-core cables; in the case of single-core cables, it shall be applied either directly over
the insulation or over the semi-conducting insulation screen or over a suitable inner covering.
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12 Metallie sheath

12.1

Lead sheath

The sheath shall consist of lead or lead alloy and shall be applied as a reasonably tight-fitting
seamless tube.

The nominal thickness shall be calculated by the following formula:

~
ko]

In al

roundled to the first decimal place (see Annex C).

12.2

Unds

13 Metallie armour

13.1

The @armour types covered by this standard are as follows:

13.2

top = 0,03 Dy + 0,7

here
b IS the nominal thickness of the lead sheath, in millimetrées;

g is the fictitious diameter under the lead sheath, in“millimetres (rounded to the
decimal place in accordance with Annex C).

cases, the smallest nominal thickness shall<be 1,2 mm. Calculated values shdg

Other metallic sheaths

r consideration.

Types of metallic armour

bt wire armour;
und wire armour;
buble tape armour.

Materials

first

Il be

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 o

r cold rolled of commercial quality.

In those cases where the steel armour wire layer is required to comply with a minimum
conductance, 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, special consideration shall be given to the
possibility of corrosion, not only for mechanical safety, but also for electrical safety, especially
when the armour is used as a screen.
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The armour of single-core cables for use on a.c. systems shall consist of non-magnetic
material, unless a special construction is chosen.

13.3 Application of armour
13.3.1 Single-core cables

In the case of single-core cables, an inner covering, extruded or lapped, of the thickness
specified in 8.2.3 or 8.2.4, shall be applied under the armour if there is no screen.

13.3.2 Three-core cables

When an armour is required in the case of three-core cables, it shall be applied on an jinner
covefing complying with 8.2.

13.33 Separation sheath

When the underlying metallic layer and the armour are of different materials, they shall be
sepafated by an extruded sheath of one of the materials specified in 14.2.

Whep an armour is required for a lead-sheathed cable, it may be-applied over a separnation
sheath or a lapped bedding according to 13.3.4.

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

A separation sheath is not required when measures-have been taken to achieve longitydinal
wateftightness in the region of the metallie layers:

The pominal thickness of the separation shéath Ty expressed in millimetres shall be calculated
by the following formula:

Ts=0,02D,+0,6

wherg D, is the fictitious diameter under this sheath, in millimetres, calculated as describjed in
Anngx A.

The yalue resulting from'the formula shall be rounded off to the nearest 0,1 mm (see Anngx C).
For g¢ables without\a lead sheath, the nominal thickness shall be not less than 1,2 mm|. For

cablgs where ¢he separation sheath is applied directly over the lead sheath, the nominal
thickpess shall)be not less than 1,0 mm.

13.3.|4 Lapped bedding under armour for lead sheathed cables

The lapped bedding applied to the compound coated lead sheath shall consist of either
impregnated and compounded paper tapes or a combination of two layers of impregnated and
compounded paper tapes followed by one or more layers of compounded fibrous material.

The impregnation of bedding materials may be made with bituminous or other preservative
compounds. In case of wire armour, these compounds shall not be applied directly under the
wires.

Synthetic tapes may be applied instead of impregnated paper tapes.

The total thickness of the lapped bedding between the lead sheath and the armour after
application of the armour shall have an approximate value of 1,5 mm.
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13.4 Dimensions of the armour wires and armour tapes

The nominal dimensions of the armour wires and armour tapes shall preferably be one of the

following values:

round wires:

0,8-1,25-1,6-2,0-2,5- 3,15 mm diameter;

flat wires:
0,8 mm thickness;

tapes of steel:

0|2 — 0,5 - 0,8 mm thickness;

tapes of aluminium or aluminium alloy:

0|5 — 0,8 mm thickness.

13.5| Correlation between cable diameters and armour dimensions

The pominal diameters of round armour wires and the nominal thickne’sses of the armour t

shall|be not less than the values given in Tables 9 and 10 respectively

Table 9 — Nominal diameter of round afrmour wires

Fictitious diameter under the armour Nominal diameter
Above Up to and including of armn?rl;r wire
mm mm
- 10 0,8
10 15 1,25
15 25 1.6
% 35 2,0
35 60 25
60 - 3,15

Table 10 — Nominal thickness of armour tapes

apes

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

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

13.6 Round or flat wire armour

The wire armour shall be closed, i.e. with a minimum gap between adjacent wires. An open
helix consisting of galvanized steel tape with a nominal thickness of at least 0,3 mm may be
provided over flat steel wire armour and over round steel wire armour, if necessary. Tolerances
on this steel tape shall comply with 17.7.3.
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13.7 Double tape armour

2014

When a tape armour and an inner covering as specified in 8.2 are used, the inner covering
shall be reinforced by a taped bedding. The total thickness of the inner covering and the
additional taped bedding shall be as given in 8.2 plus 0,5 mm if the armour tape thickness
is 0,2 mm, and plus 0,8 mm if the armour tape thickness is more than 0,2 mm.

The total thickness of the inner covering and the additional taped bedding shall be not less
than these values by more than 0,2 mm with a tolerance of +20 %.

If a separation sheath is required or if the inner covering is extruded and satisfies the
requirements of 13.3.3, the additional taped bedding is not required.

The fape 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 eachntape shall not
excegd 50 % of the width of the tape.

14 OQOversheath

14.1| General

All cgbles shall have an oversheath.

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

NOTE| A UV stability test is under consideration.

14.2| Material

The [oversheath shall consist of a_‘thermoplastic compound (PVC or polyethylene) qr an
elastpmeric compound (polychloroprene, chlorosulfonated polyethylene or similar polymers).
The pversheathing material §hall be suitable for the operating temperature in accordancg with
Tablg 4.

Chemical additives c/may be necessary in the oversheath for special purposes, for exanple

termite protection, ;but they should not include materials harmful to mankind an

envirpbnment.

NOTE| Examptes of materials’) considered to be undesirable include:

Aldring 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4,5,8-dimethanonaphthalene

d/or

Dieldrin:1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4,5,8-dimethanonaphthalene

Lindane: Gamma Isomer of 1,2,3,4,5,6-hexachloro-cyclohexane.

14.3 Thickness

Unless otherwise specified the nominal thickness {5 expressed in millimetres shall be
calculated by the following formula:

1)

ts=0,035D+ 1,0

Source: Dangerous properties of industrial materials, N.l. Sax, fifth edition, Van Nostrand Reinhold, ISBN 0-442-27373-8.
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where D is the fictitious diameter immediately under the oversheath, in millimetres (see

Anne

X A).

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

The

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

1,8 npm for multicore cables.

15

15.1

Unle
ambi

15.2

The

Test conditions

Ambient temperature

ent temperature of (20 £ 15) °C.

Frequency and waveform of power frequency test-voltages

frequency of the alternating test voltages shall ‘be in the range 49 Hz to 61 Hz.

wavefform shall be substantially sinusoidal. The values quoted are r.m.s. values.

than

Es otherwise specified in the details for the particular test, tests shall be made at an

The

1 ps
ects,

e the

15.3| Waveform of impulse test voltages

In agcordance with IEC 60230, the impulse wave shall have a virtual front time between
and % us and a nominal time to half the\peak value between 40 us and 60 us. In other resp
it shgll be in accordance with IEC 60060-1.

15.4| Determination of thecable conductor temperature

It is lecommended that ohe ‘of the test methods described in Annex G is used to determin
actugl temperature.

16 Routine tests

16.1| General

Routlne. tests are nnrmally carried out on each manufactured Ipngth of cable (cpp 32 1)

The

number of lengths to be tested may however be reduced or an alternative test method adopted,
according to agreed quality control procedures.

The routine tests required by this standard are as follows:

a) measurement of the electrical resistance of conductors (see 16.2);

b) partial discharge test (see 16.3) on cables having cores with conductor screens and
insulation screens in accordance with 7.2 and 7.3;

c) voltage test (see 16.4).

d) electrical test on oversheath, if required (see 16.5).
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16.2 Electrical resistance of conductors

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

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

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

The d.c. resistance of each conductor at 20 °C shall not exceed the approphiate maximum
valug specified in IEC 60228. For concentric conductors, the resistance,°shiall comply| with
natiopal regulations and/or standards.

16.3 | Partial discharge test

The partial discharge test shall be carried out in accordance with JEC 60885-3, except that the
sensitivity as defined in IEC 60885-3 shall be 10 pC or better.

For three-core cables, the test shall be carried out onall insulated cores, the voltage being
applied between each conductor and the screen.

The {est voltage shall be raised gradually to andiheld at 2 Ug for 10 s and then slowly reduced
to 1,13 Up.

There shall be no detectable discharge @xceeding the declared sensitivity from the test gbject
at 1,713 Up.

NOTE| Any partial discharge from the test object may be harmful.

16.4| Voltage test
16.4/1 General

The poltage test.shall be made at ambient temperature, using alternating voltage at gower
frequency.

16.4.2 Test procedure for single-core cables

For mnale-cora-cables thae tast vaoltaae - shall ha annliad for 5 min hatweaen thae conductor and
SHg1e-66+e—-66a 185, —tHe—t8St+ Yortage—SHar—BeappHea—+or——HH—Petweehi—tHe—cohRadH6to

the metallic screen.

16.4.3 Test procedure for three-core cables

For three-core cables with individually screened cores, the test voltage shall be applied for
5 min between each conductor and the metallic layer.

For three-core 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 metaltie layers.

Three-core cables may be tested in a single operation by using a three-phase transformer.
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16.4.4 Test voltage

The power frequency test voltage shall be 3,5 Up. Values of the single-phase test voltage for
the standard rated voltages are given in Table 11.

Table 11 — Routine test voltages

Rated voltage U, kV 3,6 6 8,7 12 18
Test voltage kV 12,5 21 30,5 42 63

If, fof three-core cables, the voltage test is carried out with a three-phase transformer, the test
voltage between the phases shall be 1,73 times the values given in this table.

In alljcases, the test voltage shall be increased gradually to the specified value,

16.4.5 Requirement

No bfeakdown of the insulation shall occur.

16.5| Electrical test on oversheath of the cable

If agfeed between customer and supplier the cable shall *ke" subjected to the electrica| test
specffied in 3.2 of IEC 60229:2007.

Cables having an extruded semi-conductive layer gnthe oversheath shall be excluded and the
d.c. Joltage test specified in 3.1 of IEC 60229:20Q%¥nay be applied.

17 Bample tests

17.1| General

The $ample tests required by thisistandard are as follows:

a) cpnductor examination (see 17.4);

b) check of dimensions.(see 17.5 to 17.8);

c) vepltage test for cables of rated voltage above 3,6/6 (7,2) kV (see 17.9);

d) hpt set test far\EPR, HEPR and XLPE insulations and elastomeric sheaths (see 17.10)

17.2| Frequency of sample tests

17.2/ 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.

17.2.2 Electrical and physical tests

Electrical and physical tests shall be carried out on samples taken from manufactured cables
according to agreed quality control procedures. In the absence of such an agreement, for
contracts where the total length exceeds 2 km for three-core cables, or 4 km for single-core
cables, tests shall be made on the basis of Table 12.
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Table 12 — Number of samples for sample tests
Cable length
Multicore cables Single-core cables Number of
samples
Above Up to and including Above Up to and including
km km km km
2 10 4 20 1
10 20 20 40 2
20 30 40 60 3
etc. etc. etc!

17.3
If any
same
addit

be rq
samj

17.4

Com
inspg

17.5

17.5.

The
[EC 4

Each
end &

17.5.

For g
value

Repetition of tests

sample fails in any of the tests in Clause 17, two further samples shall®e-taken fror
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 standard. If-either of the addi
les fails, the batch from which they were taken shall be regarded)as failing to comply

Conductor examination

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

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

1 General

est method shall be in accordance” with-Clause-8eof IEC 60841-1-14 |IEC 60811-201
0811-202.

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

2 Requirements for the insulation

ach piece of core, the smallest value measured shall not fall below 90 % of the nomin
by more than 0,1 mm, i.e.:

tmin = 0,9 £, — 0,1

min =

n the
both
shall
ional

bd by

and

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

al

and additionally:

(tmax - tmin)/ tmax <0,15
where
tmax is the maximum thickness, in millimetres;
tmin is the minimum thickness, in millimetres;
th is the nominal thickness, in millimetres.
NOTE ¢t .. andt_, are measured at the same cross-section.
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17.5.3 Requirements for the non-metallic sheaths

nomipatyatoebyrmore—tharn62mr—e
If an| extruded semi-conductive outer layer is used and it is fully bonded to the{d&n-metal
sheagh, a thickness up to 0,3 mm of the semi-conductive layer can be accepted asha part ¢f the
sheath thickness. The sheath including the semi-conductive outer layer shalfulfil the game
mechanical requirements as required for the sheath compound type specified, no matterl how
the dumbbell has been prepared.
The minimum thickness of the non-metal sheath shall not fall below~80 % of the nominal yalue
by mpre than 0,2 mm, i.e.

tmin > 0,8tn - 0,2
17.6 | Measurement of thickness of lead sheath
17.6 /1 General
The Iminimum thickness of the lead sheathgshall be determined by one of the follgwing
methpds, at the discretion of the manufacturer, and shall not fall below 95 % of the nominal

thick

NOTE

17.6.

The
diam

The
from
clean

ness by more than 0,1 mm i.e.:
tmin = 0,95 t, — 0,1

Methods of measuring thickness’ of other types of metallic sheath are under consideration.

2 Strip method

measurement (shall be made with a micrometer with plane faces of 4 mm to § mm

bter and an.accuracy of +0,01 mm.

measurement shall be made on a test piece of sheath about 50 mm in length rem
the(completed cable. The piece shall be slit longitudinally and carefully flattened.
ing’ the test piece, a sufficient number of measurements shall be made along

oved
After
the

ranoan oFf tha olhaoth oA At oo thopn 4N o from tlv-\ r\d of tha flot

ened

circukn

arane O S ALDL a PPN
MeTCTTICC—OT e STicatT artu 1Tut 1S9 altall ot avay (T Oorh o~ CUgt—oT—c—rat

piece to ensure that the minimum thickness is measured.

17.6.

3 Ring method

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

The measurements shall be made on a ring of the 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.
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Measurement of armour wires and tapes

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.

17.7.2 Measurement on tapes

shall
20 mm from each edge of the tape and the average of the results taken as the thickness.

17.7.

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

by m

17.8

If thg
be c4

17.9
This

17.9.

The
termi

17.9.

A po
cond

17.9.

in diameter to an accuracy of + 0,01 mm. For tapes up to 40 mm in width the thicK

3 Requirements

bre than:

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

Measurement of external diameter

measurement of the external diameter of*thé cable is required as a sample test, it
rried out in accordance with-Clause-8-ofJEC608141-1-14 I[EC 60811-203.

Voltage test for 4 h

fest is applicable only to cables(of rated voltage above 3,6/6 (7,2) kV.

1 Sampling

sample shall be atpiece of completed cable at least 5 m in length between theg
nations.

2 Procedure

wer frequency voltage shall be applied for 4 h at ambient temperature between
Lictor-and the metallie layer(s).

3—TFest-voltages

imately

ness

be measured at the centre of the width. For wider tapes the measurements shall ‘bé made

13.5

shall

test

each

The test voltage shall be 4 Up. Values of the test voltage for the standard rated voltages are
given in Table 13.

Table 13 — Sample test voltages

Rated voltage U, kV 6 8,7 12 18

Test voltage kV 24 35 48 72

The test voltage shall be increased gradually to the specified value and maintained for 4 h.
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17.9.4 Requirements

No breakdown of the insulation shall occur.

17.10 Hot set test for EPR, HEPR and XLPE insulations and elastomeric sheaths

17.10.1 Procedure

The sampling and test procedure shall be carried out in accordance with—Clause—9—of
{EC608114-2-1 IEC 60811-507, employing the conditions given in Tables 19 and 23.

17.10.2 Requirements

The

XLPE insulations and in Table 23 for SE4 sheaths.

18

18.1| General

When type tests have been successfully performed on a type ofcable covered by this star

with

accepted as valid for cables of the same type with other conductor cross-sectional
and/gr rated voltages, provided the following three conditions are all satisfied:

a)

b)

c)

App

18.2| Cables having conductor screens and insulation screens
18.2/1 General

A sample of completed cable 10 m to 15 m in length shall be subjected to the tests list
18.2.p.

With[thecexception of the provisions of 18.2.3 all the tests listed in 18.2.2 shall be ap
successSively to the same sample.

fest results shall comply with the requirements given in Table 19, for EPR,HEPR

Type tests, electrical

a specific conductor cross-sectional area and rated 4oltage, type approval sh

t
process are used;

the conductor cross-sectional area is not larger than that of the tested cable, wit
exception that all cross-sectional areas.up’to and including 630 mm? are approved
the cross-sectional area of the previously tested cable is in the range of 95 mn
630 mm? inclusive;

the rated voltage is not higher than-that of the tested cable.

rpval shall be independent ofi\the conductor material.

and

dard
Il be
reas

e same materials, i.e. insulation and semij<gconducting screens, and manufacturing

n the

when
h? to

ed in

plied

In three-core cables, each test or measurement shall be carried out on all cores.

Measurement of resistivity of semi-conducting screens described in 18.2.10 shall be made on a
separate sample.

18.2.2 Sequence of tests

The

a)

normal sequence of tests shall be as follows:

bending test, followed by a partial discharge test (see 18.2.4 and 18.2.5);

b) tan 8 measurement (see 18.2.3 and 18.2.6);

c)

heating cycle test, followed by a partial discharge test (see 18.2.7);


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

- 34 - 60502-2:2014 RLV © IEC:2014

d) impulse test, followed by a voltage test (see 18.2.8);
e) voltage test for 4 h (see 18.2.9).

18.2.3 Special provisions

Measurement of tan 8 may be carried out on a different sample from the sample used for the
normal sequence of tests listed in 18.2.2.

Measurement of tan § is not required on cables with rated voltage below 6/10 (12) kV.

A new sample may be taken for test e), provided this test sample is submitted previousgly to
tests|a) and c) listed in 18.2.2.

18.2.4 Bending test

The pample shall be bent around a test cylinder (for example, the hub of & dfum) at ampbient
tempgrature for at least one complete turn. It shall then be unwound and-the/process repejated,
except that the bending of the sample shall be in the reverse direction without axial rotation.

This pycle of operation shall be carried out three times.

The diameter of the test cylinder shall not be greater than

o fgr cables with a lead sheath or with an overlapped. métal foil longitudinally applied:
-R5 (d + D) £+ 5 % for single-core cables;
-RO (d + D) £+ 5 % for three-core cables;

e far other cables:

P0 (d + D) =+ 5 % for single-core cables;

15 (d + D) =+ 5 % for three-core cables.

where

O is the actual external*diameter of the cable sample, in millimetres, measured accofding
to 17.8;

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

If thel conductof is'not circular:

d=113+S

uare-millimetras
H- S HHHRBHB8S-

wher S is thae nominal cross-section—i
ISt hoHha+—G6FesSS-s8cHo R

On completion of this test, the sample shall be subjected to a partial discharge test and shall
comply with the requirements given in 18.2.5.

18.2.5 Partial discharge test

The partial discharge test shall be carried out in accordance with IEC 60885-3, the sensitivity
being 5 pC or better.

The test voltage shall be raised gradually to and held at 2 Uy for 10 s and then slowly reduced
to 1,73 Up.
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There shall be no detectable discharge exceeding the declared sensitivity from the test object
at 1,73 Up.

NOTE Any partial discharge from the test object may be harmful.

18.2.6 Tan & measurement for cables of rated voltage 6/10 (12) kV and above

The sample of completed cable shall be heated by one of the following methods: the sample
shall be placed either in a tank of liquid or in an oven, or a heating current shall be passed
through either the metallic screen or the conductor or both.

The $ample shall be heated until the conductor reaches a temperature which shall be 523G K to
1024 K above the maximum conductor temperature in normal operation.

In each method, the temperature of the conductor shall be determined either bymeasuring the
condpctor resistance or by a suitable temperature measuring device in the bath or oven pr on
the spurface of the screen or on an identically heated reference cable.

The fan & shall be measured with an alternating voltage of at least(2-kV at the temperpture
specified above.

The measured values shall not be higher than those given in Table 15.

18.2.7 Heating cycle test

The gample, which has been subjected to the previdus tests, shall be laid out on the fldor of
the test room and heated by passing a current<through the conductor, until the conductor
reaches a steady temperature 5°C K to 102C K above the maximum conductor temperatyre in
normjal operation.

For three-core cables, the heating current shall be passed through all conductors.

The |heating cycle shall be of at™Meast 8 h duration. The conductor temperature shgll be
mainfained within the stated temperature limits for at least 2 h of each heating period.| This
shall|be followed by at least(3 h'of natural cooling in air to a conductor temperature within[{10 K
of ambient temperature.

This pycle shall be carried out 20 times.

After|the last cycle, the sample shall be subjected to a partial discharge test and shall cgmply
with fhe requirements given in 18.2.5.

18.2.8 Impulse test followed by a voltage test

This test shall be performed on the sample at a conductor temperature 5°C K to 10-2C K
above the maximum conductor temperature in normal operation.

The impulse voltage shall be applied according to the procedure given in IEC 60230 and shall
have a peak value as given in Table 14.

Table 14 — Impulse voltages

Rated voltage Uy/U (U,,) kv | 3.6/6(7,2) | 6/10(12) | 87/15(17,5) 12/20 (24) | 18/30 (36)

Test voltage (peak) kV 60 75 95 125 170
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Each core of the cable shall withstand without failure 10 positive and 10 negative voltage

impul

Ses.

After the impulse test, each core of the cable sample shall be subjected, at ambient
temperature, to a power frequency voltage test for 15 min. The test voltage shall be as

speci

fied in Table 11. No breakdown of the insulation shall occur.

18.2.9 Voltage test for 4 h

This test shall be made at ambient temperature. A power frequency voltage shall be applied

for 4

h to the sample between conductor(s) and screen(s).

The
No b

18.2.
18.2.
The

the i
samj]

est voltage shall be 4 Up. The voltage shall be increased gradually to the specified
eakdown of the insulation shall occur.

10 Resistivity of semi-conducting screens
10.1 General

resistivity of the extruded semi-conducting screens applied over-the conductor and
hsulation shall be determined by measurements on test pieces taken from the core
le of cable as made and a sample of cable, which has'béen subjected to the a

treatment to test the compatibility of component materials specified in 19.7.

18.2,

10.2 Procedure

The fest procedure shall be in accordance with Annex-D.

The
temp

18.2.
The

- C

N

18.3
18.3.

Each
follov

measurements shall be made at a tempgtrature within +2-°C K of the maximum cond
erature in normal operation.

10.3 Requirements
esistivity, both before and after'ageing, shall not exceed the following:

bnductor screen: 1000Q2 x m,

sulation screen: 500 QO x m.

Cables of rated voltage 3,6/6 (7,2) kV having unscreened insulation
1 Genégral

cone of a sample of completed cable 10 m to 15 m in length shall be subjected t
ving tests, applied successively:

alue.

over
of a
jeing

uctor

b the

a) insulation resistance measurement at ambient temperature (see 18.3.2);

b) insulation resistance measurement at maximum conductor temperature in normal operation
(see 18.3.3);

c) voltage test for 4 h (see 18.3.4).

The cables shall also be subjected to an impulse test on a separate sample of completed
cable, 10 m to 15 m in length (see 18.3.5).

18.3.
18.3.

This

2 Insulation resistance measurement at ambient temperature
2.1 Procedure
test shall be made on the sample length before any other electrical test.
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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.

The d.c. test voltage shall be 80 V to 500 V and shall be applied for a sufficient time to reach
reasonably steady measurement, but 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.

18.3.2-2— Caicuiations

The [volume resistivity shall be calculated from the measured insulation resistance/by the
following formula:

o= 2 xnxlxR
In %

wherg
p is the volume resistivity, in ohms x 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 millimetrés;
d is the inner diameter of the insulation, in millimetres.

The ["insulation resistance constant K" expressed in megohms x kilometres may alsp be
calcylated, using the formula:

| x R x10-11
Ki= oS = 101 x 0,367 x p
Igy

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

18.3.2.3 Requirements

The [values calculated from the measurements shall be not less than those specifi¢gd in
Tablg 15.

18.3.8 Insulation resistance measurement at maximum conductor temperature

18.3.3.1 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 d.c. test voltage shall be 80 V to 500 V and shall be applied for a sufficient time to reach
reasonably steady measurement, but for not less than 1 min and not more than 5 min.

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

18.3.3.2 Calculations

The volume resistivity and/or the insulation resistance constant shall be calculated from the
insulation resistance by the formulae given in 18.3.2.2.


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

18.3.

- 38 - 60502-2:2014 RLV © IEC:

3.3 Requirements

2014

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

Table 15.
18.3.4 Voltage test for 4 h
18.3.4.1 Procedure

The cores of the cable sample shall be immersed in water at ambient temperature for at least

1h.

A pdgwer frequency voltage equal to 4 Uy shall then be gradually applied and maint

conti

18.3.
No b

nuously for 4 h between each conductor and the water.

4.2 Requirements

eakdown of the insulation shall occur.

18.3.6 Impulse test

18.3.

This
abov

The
have

Each
other

18.3.

Each
impu

19

19.1

5.1 Procedure

test shall be performed on the sample at a conductér temperature 5°C K to 10
b the maximum conductor temperature in normal operation.

mpulse voltage shall be applied according to.the procedure given in IEC 60230 and
a peak value of 60 kV.

series of impulses shall be applied in\turn between each phase conductor and a

conductors connected together and.toe earth.
5.2 Requirements
core of the cable shall- withstand without failure 10 positive and 10 negative vo

Ses.

Type tests, non-electrical

General

The pon-electrical type tests required by this standard are given in Table 16.

19.2

19.2.

hined

G K

shall

| the

Itage

Measurement of thickness of insulation

1 Sampling

One sample shall be taken from each insulated cable core.

19.2.

2 Procedure

The measurements shall be made as described in-84eof1EC 60811-1-1 |[EC 60811-201.

19.2.

3 Requirements

See 17.5.2.
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19.3 Measurement of thickness of non-metallic sheaths (including extruded separation

19.3.

sheaths, but excluding inner coverings)

1 Sampling

One sample of cable shall be taken.

19.3.2 Procedure

The measurements shall be made as described in-8-2eflEC608141-1-1 IEC 60811-202.

19.3.

See

19.4
19.4.

One

19.4.

The measurements shall be made as described in 17.6.2 or47.6.3.

Requirements

7.5.3.

Measurement of thickness of lead sheath
1 Sampling

sample of cable shall be taken.

2 Procedure

194 Requirements
See 17.6.1.
19.5| Tests for determining the mechanical properties of insulation before and after
ageing
19.5.1 Sampling
Sampling and the preparation of-the test pieces shall be carried out as described in-9-4-of
IEC 40811-1-1 IEC 60811-504\
19.5.2 Ageing treatments
The ageing treatments shall be carried out as described in-8-4-of IEC 60811-4-2401 undgr the
cond|tions specified in Table 17.
19.53 Conditioning and mechanical tests
Conditiehing and the measurement of mechanical properties shall be carried out as descfibed
in-9-t-eHHE6-6684H4441 66844564
19.5.4 Requirements
The test results for unaged and aged test pieces shall comply with the requirements given in
Table 17.
19.6 Tests for determining the mechanical properties of non-metallic sheaths
before and after ageing
19.6.1 Sampling

Sampling and the preparation of the test pieces shall be carried out as described in-9-2—of
|EC 60811-1-1 IEC 60811-501.
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19.6.2 Ageing treatments

The ageing treatments shall be carried out as described in-84-eflEC60844-14-2 I[EC 60811-
401, under the conditions specified in Table 20.

19.6.3 Conditioning and mechanical tests

Conditioning and the measurement of mechanical properties shall be carried out as described
in-9-2of lEC 6084411 IEC 60811-501.

19.6.4 Requirements

The test results for unaged and aged test pieces shall comply with the requirements “given in
Tablg 20.

19.7 | Additional ageing test on pieces of completed cables
19.7/1 General

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

The fest is applicable to cables of all types.

19.7.2 Sampling

Samples shall be taken from the completed cable.as. described in-8-4-4-oflEC60811-1-2 IEC
6081[1-401.

19.7.8 Ageing treatment

The ageing treatment of the pieces of.gable shall be carried out in an air oven, as descfibed
in-8-44-of lEC60811-1-2 IEC 60811-401, under the following conditions:

— tg@mperature: (10 + 2)2C K-above the maximum conductor temperature of the cable in
brmal operation (see Table-17);

— dpration: 7 x 24 h.

>

19.7.4 Mechanical tests

Test [pieces ofdnsulation and oversheath from the aged pieces of cable shall be prepared and
subjgcted to mechanical tests as described in-8-4-4-ofl{EC608114-1-2 |IEC 60811-401.

19.7.|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 19.5 and 19.6), if
applicable, shall not exceed the values applying to the test after ageing in an air oven specified
in Table 17 for insulations and Table 20 for non-metallic sheaths.

19.8 Loss of mass test on PVC sheaths of type ST,
19.8.1 Procedure

The sampling and test procedure shall be in accordance with-8-2-eflEC60841-3-2 IEC 60811-
4009.
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19.8.2 Requirements

The test results shall comply with the requirements given in Table 21.

19.9 Pressure test at high temperature on insulations and non-metallic sheaths
19.91 Procedure

The pressure test at high temperature shall be carried out in accordance with-Clause-8of
{EC60811-3-1 |IEC 60811-508, employing the test conditions given in the test method and in
Tables 18, 21 and 22.

19.9.2 Requirements

The test results shall comply with the requirements given in—Clause 8-of1EC66811-3-1 IEC
6081[1-508.

19.11 Test on PVC insulation and sheaths at low temperatures
19.10.1 Procedure

The gampling and test procedures shall be in accordance with-Elatise- 8- of IEC 60814-1-4 |[EC
6081[1-504, IEC 60811-505 and IEC 60811-506, employing the test temperature specified in
Tablgs 18 and 21.

19.10.2 Requirements

The fesults of the test shall comply with the requirements given in-Clause-8-oflEC6084{-1-4
IEC §0811-504, IEC 60811-505 and IEC 60811-506.

19.11 Test for resistance of PVC insulation and sheaths to cracking (heat shock test)
19.11.1 Procedure

The pampling and test procedure_shall be in accordance with-Clause-9-of IEC 60814-3-% |IEC
6081[1-509, the test temperature.and duration being in accordance with Tables 18 and 21.

19.11.2 Requirements

The fesults of the tests’shall comply with the requirements given in-Clause 9-of IEC 60811-3-14
IEC ¢0811-509.

19.12 Ozone.resistance test for EPR and HEPR insulations

19.12.17, Procedure

The sampling and test procedure shall be carried out in accordance with—Clause-8—of
IEC B80811-2-1 |[EC 60811-403. The ozone concentration and test duration shall be in
accordance with Table 19.

19.12.2 Requirements

The results of the test shall comply with the requirements given in-Clause- 8of lEC 60814-2-1
IEC 60811-403.

19.13 Hot set test for EPR, HEPR and XLPE insulations and elastomeric sheaths

The sampling and test procedure shall be carried out in accordance with 17.10 and shall
comply with its requirements.
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19.14 Oil immersion test for elastomeric sheaths
19.14.1 Procedure

The sampling and test procedure shall be carried out in accordance with—Clause10—of
1EC80844-2-1 |[EC 60811-404 employing the conditions given in Table 23.

19.14.2 Requirements

The results of the test shall comply with the requirements given in Table 23.

19.1% Water absorption test on insulation
19.1%5.1 Procedure
The [sampling and test procedure shall be carried out in accordance with"9-4—or 92 of

IEC40841-1-3 |EC 60811-402 employing the conditions specified in (Tjables 18 or 19
respgctively.

19.1%.2 Requirements

The fesults of the test shall comply with the requirements specified in Tables 18 or 19.

19.1¢ Flame spread test on single cables

This fest is only applicable to cables having sheaths of'ST4, ST, or SE41 compound and shall be
carri¢d out on such cables only when specially requifed:

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

19.17 Measurement of carbon black content of black PE oversheaths
19.17.1 Procedure

The |sampling and test procedure shall be carried out in accordance with—Clause44—of
{EC40811-4-1 |EC 60811-605¢

19.17.2 Requirements

The fesults of the testishall comply with the requirements of Table 22.

19.18 Shrinkage test for XLPE insulation

19.18.1 ( Procedure

The
1EC60811-1-3 IEC 60811-502 under the conditions specified in Table 19.

19.18.2 Requirements

The results of the test shall comply with the requirements of Table 19.

19.19 Thermal stability test for PVC insulation
19.19.1 Procedure

The sampling and test procedure shall be carried out in accordance with—Clause 9—of
IEC-608141-3-2 IEC 60811-405 under the conditions specified in Table 18.
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19.19.2 Requirements

The results of the test shall comply with the requirements of Table 18.

19.20 Determination of hardness of HEPR insulation

19.20.1 Procedure

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

19.20.2 Requirements

The

19.21
19.21

Sam
acco

The

be calculated by dividing the loads measured by the cross-séctional areas of the unstref

test
modd

The ¢lastic modulus shall be the median value.

19.21

The

19.27
19.23

The
1EC4

19.23

The

19.23

esults of the test shall comply with the requirements of Table 19.

Determination of the elastic modulus of HEPR insulation
.1  Procedure

bling, preparation of the test pieces and the test procedure shall be carried o
dance with-Clause-9-of IEC 608144-1-4 IEC 60811-501.

oads required for 150 % elongation shall be measured. The corresponding stresses

bieces. The ratios of the stresses to strains shall bé&. determined to obtain the e
li at 150 % elongation.

.2 Requirements

esults of the test shall comply with the.requirements of Table 19.

Shrinkage test for PE oversheaths
.1 Procedure

sampling and test procCedure shall be carried out in accordance with—Clause]
$08141-1-3 |[EC 6084126503 under the conditions specified in Table 22.

.2 Requirements

esults of-the test shall comply with the requirements of Table 22.

Strippability test for insulation screen

ut in

shall
ched
astic

19.23.1 General

This test shall be carried out when the manufacturer claims that the extruded semiconducting
insulation screen is strippable.

19.23.2 Procedure

The test shall be performed three times on both unaged and aged samples, using either three
separate pieces of cable or one piece of cable at three positions around the circumference,
spaced at approximately 120°.

Core lengths of at least 250 mm shall be taken from the cable to be tested, before and after
being aged according to 19.7.3.
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Two cuts shall be made in the extruded semiconducting insulation screen of each sample,
longitudinally from end to end and radially down to the insulation, the cuts being (10 + 1) mm
apart and parallel to each other.

After removing approximately 50 mm length of the 10 mm strip by pulling it in a direction
parallel to the core (i.e. a stripping angle of approximately 180°), the core shall be mounted
vertically in a tensile machine with one end of the core held in one grip and the 10 mm strip in
the other.

The force to separate the 10 mm strip from the insulation, removing a length of at least
100 mm, shall be measured at a stripping angle of approximately 180° using a pulling speed of
(250 £ 50) mm/min.

The fest shall be carried out at a temperature of (20 + 5) °C.
For Unaged and aged samples, the stripping force values shall be continuously| recorded.

19.23.3 Requirements

The force required to remove the extruded semiconducting screenrom the insulation shall be
not lgss than 4 N and not more than 45 N, before and after ageing:

The |nsulation surface shall not be damaged and no trace-of the semiconducting screen|shall
remalin on the insulation.

19.24 Water penetration test
The water penetration test shall be applied to-those designs of cable where the manufagturer
claims that barriers to longitudinal water penetration have been included. The test is designed

to meet the requirements for buried cables and is not intended to apply to cables which are
consfructed for use as submarine cables:

The fest is applicable to the following cable designs:

a) a| barrier is included which* prevents longitudinal water penetration in the region of the
metallie layers;

b) a|barrier is includediwhich prevents longitudinal water penetration along the conductor.

The g@pparatus, sampling and test procedure shall be in accordance with Annex F.

20 Electrical tests after installation

20.1| ‘General

Tests after installation are carried out when the installation of the cable and its accessories has
been completed.

A d.c. oversheath test according to 20.2 is recommended and, if required, a test on the
insulation according to 20.3. For installations where only the oversheath test according to 20.2
is carried out, quality assurance procedures during installation of accessories may, by
agreement between the purchaser and the contractor, replace the insulation test.

20.2 DC voltage test of the oversheath

The voltage level and duration specified in Clause 5 of IEC 60229:2007 shall be applied
between each metal sheath or metallic screen and the ground.
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For the test to be effective, it is necessary that the ground makes good contact with all of the
outer surface of the oversheath. A conductive layer on the oversheath can assist in this
respect.

20.3 Insulation test
20.31 AC testing

By agreement between the purchaser and the contractor, an a.c. voltage test—at-power
fregqueney in accordance with I[EC 60060-3 and in accordance with item a), b) or c) as below
may be used:

a) test for-5 15 min with the phase-to-phase voltage-ef-the-system U, at a frequency betjveen
20 Hz to 300 Hz shall be applied between the conductor and the metallic screen/sheath;

b) test for 24 h with the normal-eperating rated voltage U, of the system.

c) test for 15 min with the RMS rated voltage value of 3 U, at a frequency0{0,1 Hz agplied
between the conductor and the metal screen/sheath.

NOTE|1 During the a.c. test, tan & and/or partial discharge may be monitored.

NOTE|2 For installations which have been in use, lower voltages and/or shorter\durations may be used. Yalues
should be negotiated, taking into account the age, environment, history of breakdewns and the purpose of cgrrying
out the test.

20.3.2 DC testing

As an alternative to the a.c. test, a d.c. test voltage equal'to 4 U, may be applied for 15 mip.

NOTEl4+—A d.c. test may endanger the insulation‘system under test.-Othertest-method$—are
uhder-consideration- Where possible an a.c. test as described above should be used.

NOTE}2 For installations which have been in use,\lower voltages and/or shorter durations may be used. Yalues
shoulq be negotiated, taking into account the agé) environment, history of breakdowns and the purpose of cgrrying
out the test.

Table 15 — Electrical-type test requirements for insulating compounds

Designation of compounds EPR/

(sée 4.2) PVC/B | yepr | YLPE
Maximpum conductor temperature in normal operation (see 4.2) °C 70 90 90
Volume resistivity p #
—at 20 °C (see 18:3.2) Q x cm 1014 - -
— at mpximum-conductor temperature in normal operation (see 18.3.3) Q x cm 10M 1012 -

Insulafioq résistance constant K; *

— at 20€+(see18-372) MOk 36F = -
— at maximum conductor temperature in normal operation (see 18.3.3) MQ x km 0,37 3,67 -
Tan 6 (see 18.2.6)

— tan & at maximum conductor temperature in normal operation x 10-4 - 400 40

plus 5°C K up to 10-2C K, maximum

* For unscreened cables according to items a) and b) of Clause 7, rated voltage 3,6/6 (7,2) kV for PVC, EPR and
HEPR insulation.
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Table 16 — Non-electrical type tests
(see Tables 17 to 23)

Designation of compounds (see 4.2 and 4.3)

Insulations

Sheaths

PVC/B

EPR | HEPR

XLPE PVC

PE

ST, | ST,

ST; | ST,

SE,

Dimensions

Measurements of thicknesses

Mechanical properties

(tensilg-strength-and-slongation-at-break)

Withouft ageing
After ageing in air oven
After ageing of pieces of complete cable

After immersion in hot oil

Thermgplastic properties
Hot prgssure test (indentation)

Behavipur at low temperature

Miscelflaneous

Loss of mass in air oven

Heat shock test (cracking)
Ozone [resistance test

Hot sef test

Flame gpread test on single cables (if required)
Water gbsorption

Thermal stability

Shrinkage test

Carbon black content *
Deternfination of hardness
Deternfination of elastic modulus

Strippgbility test **

Water penetration test ***

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

* For black oversheaths only.

*x To be applied to those designs of cable where the manufacturer claims that the insulation screen is strip

***  To be applied to those designs of cable where the manufacturer claims that barriers

penetration have been included.

to longituding

pable.

water
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Table 17 — Test requirements for mechanical characteristics of insulating compounds
(before and after ageing)

Designation of compounds (see 4.2) PVC/B EPR HEPR | XLPE

Maximum conductor temperature in normal operation (see 4.2) °C 70 90 90 90

Without ageing ({eC-60844-1-1.9.1 [EC 60811-501)
Tensile strength, minimum N/mm?2 12,5 4,2 8,5 12,5
Elongation-at-break, minimum % 125 200 200 200
After ageing in air oven ({eC-60811-1-2,-8-4 IEC 60811-401)

After ageing without conductor

Treatmient:

— tempgrature °C 100 135 135 135
| - tolerance °c K +2 +3 +3 43

— duratjon h 168 168 168 168

Tensild strength:

a) valup after ageing, minimum N/mm?2 12,5 - - -

b) varigtion*, maximum % £25 +30 +30 +25

Elongafion-at-break:

a) valup after ageing, minimum %, 125 - - -

b) varigtion*, maximum Yo +25 +30 +30 +25

* Varjation: difference between the median value obtained after ageing and the median value obtained without
agding expressed as a percentage of the latter.
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Table 18 — Test requirements for particular characteristics
for PVC insulating compound

Designation of compound (see 4.2 and 4.3) PVC/B

Use of the PVC compound Insulation

Pressure test at high temperature (}FEC-60811-3-1,Clause-8 IEC 60811-508)
Temperature (tolerance +2-°C K) °C 80

Behaviour at low temperature * (}FEC-60814-1-4Clause-8 IEC 60811-504, IEC 60811-505
and IEC 60811-506)

Test to[be carried out without previous ageing:

— cold pending test for diameter <12,5 mm
— tempgrature (tolerance +2-°C K) °C 15

Cold elongation test on dumb-bells:

— tempgrature (tolerance +2-°C K) °€ 15

Heat shock test (FEC-60811-3-1Clause-9 |IEC 60811-509)
Tempefature (tolerance +3-°C K) °C 160
Duratign h 1

Thermal stability ({EC-60841-3-2Clause-9 IEC 60811-405)
Tempefature (tolerance +0,5-°C K) °C 200

Minimym time min 100

Water gbsorption ({FEC-608414-1-3,-9-4 |IEC 60811-402)
Electri¢al method:

Tempefature (tolerance +2-°C K) °C ]
Duratign h 240

* Dug to climatic conditions, national standards may require the use of a lower temperature.
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Table 19 — Test requirements for particular characteristics of various-thermosetting
crosslinked insulating compounds

** |RHD: international rubber hardness ‘degree.

Designation of compounds (see 4.2) EPR HEPR XLPE
Ozone resistance ({EC-60811-2-1,Clause-8 |[EC 60811-403)
Ozone concentration (by volume) % 0,025 0,025
to to -
0,030 0,030
Test duration without cracks h 24 24 -
| Hot set test ({EC-60811-2-1Clause-9 IEC 60811-507)
Treatment:
| — air tejmperature (tolerance +3-°C K) °C 250 250 200
— time pnder load min 15 15 15
— mecHanical stress N/cm?2 20 20 20
Maximyim elongation under load % 175 175 175
Maximyim permanent elongation after cooling % 15 15 15
| Water absorption ({EC-608141-1-3,-9-2 IEC 60811-402)
Gravimletric method:
| Tempefature (tolerance +2-°C K) °C 85 85 85
Duratign h 336 336 336
Maxim@im increase of mass mg/cm? 5 5 1*
| Shrinkgge test ({EC-60811-1-3, Clause10 IEC 60811-502)
Distan¢e L between marks mm - - 200
| Tempefature (tolerance +3-°C K) °C - - 130
Duratign h - - 1
Maxim@im shrinkage % - - 4
Deternjination of hardness (see Annex E)
IRHD *f, minimum - 80 -
Deternjination of elastic modulus (see 19.21)
Modulys at 150 % elongation, minimum N/mm?2 - 4,5 -
* An|increase greater than 1 mg/cm?2 is being considered for densities of XLPE greater than 1 g/cm3.

Table 20 — Test requirements for mechanical characteristics of sheathing compounds

(before and after ageing)

Designation of compounds (see 4.3) ST, ST, ST, ST, SE,
Maximjum conductor‘temperature in normal operation °C 80 90 80 90 85
(see 4)3)

Without ageing-(+=C-608141-1-1,-9-2 IEC 60811-501)

Tensilg sirength, minimum N/mm2 [ 12,5 12,5 10,0 12,5 10,0
Elongation-at-break, minimum % 150 150 300 300 300
After ageing in air oven ({eC-60811-1-2,-8-4 IEC 60811-401)

Treatment:

— temperature (tolerance +2-°C K) °C 100 100 100 110 100
— duration h 168 168 240 240 168
Tensile strength:

a) value after ageing, minimum N/mm?2 12,5 12,5 - - -
b) variation *, maximum % +25 +25 - — +30
Elongation-at-break:

a) value after ageing, minimum % 150 150 300 300 250
b) variation *, maximum % 125 +25 - - +40

*

ageing expressed as a percentage of the latter.

Variation: difference between the median value obtained after ageing and the

median value obtained without
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Table 21 — Test requirements for particular characteristics for PVC sheathing

compounds

Designation of compound (see 4.2 and 4.3)

ST,

ST,

Use of the PVC compound

Sheath

Loss of mass in air oven ({EC-60811-3-2,-8-2 IEC 60811-409)
Treatment:

— temperature (tolerance +2-°C K)
— duration

Maximum loss of mass

°C

mg/cm?2

100
168

1,5

Pressyire test at high temperature ({eC-60841-3-1,-Clause-8 |IEC 60811-508)

Tempegrature (tolerance +2-°C K)

°C

80

90

BehaMiour at low temperature *
(lEC-g40811-1-4,Clause-8 IEC 60811-504, IEC 60811-505 and IEC 60811-506)

Test tp be carried out without previous ageing:

— cold|bending test for diameter <12,5 mm
— temperature (tolerance +2-°C K)

Cold dlongation test on dumb-bells:
— temperature (tolerance +2-°C K)
Cold ijnpact test:

— temperature (tolerance +2-°C K)

°C

£C

°C

-15

-15

-15

Heat ghock test (1EC-606811-3-1Clause-9 |[EC 60811-509)

Tempegrature (tolerance +3-°C K)

Duratipn

°C
h

150

50

* Dye to climatic conditions, national standards may require\the use of a lower temperature.

polyethylene) sheathing compounds

Table 22 — Test requirements-for particular characteristics of PE (thermoplastic

Desighation of compounds (see 4.3) ST; $T,
Densify * ({EC-60841-1-3,Clause-8 IEC 60811-606)

Carboh black content (for black oversheaths only)

(lEC-gp811-4-1+Clause-84-HIEC 60811-605)

Nomingal value % 2,5 P,5
Tolerance % +0,5 #0,5
ShrinKage test.(tEC-60811-1-3, Clause-1+ |[EC 60811-503)

Tempgratdre (tolerance +2-°C K) °C 80 80
Heating, duration h 5 5
Heating cycles 5 5
Maximum shrinkage % 3 3
Pressure test at high temperature ({eG-66844-3-1,-8-2 IEC 60811-508)

Temperature (tolerance +2-°C K) °C - 110

* The measurement of density is only required for the purpose of other tests.
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Table 23 — Test requirements for particular characteristics
of elastomeric sheathing compound

Designation of compound (see 4.3) SE;
Oil immersion test followed by a determination of the mechanical properties
({EC-60811+-2-1,Clause10-anrdtEC 60814111, Clause-9 I[EC 60811-404 and IEC 60811-

501)

Treatment:

— oil temperature (tolerance +2-°C K) °C 100
— duration h 24
Maximpm variation * of:

a) tengile strength % 40
b) elonjgation-at-break % 40
Hot sef test ({EC-60811-2-1Clause-9 IEC 60811-507)

Treatn]ent:

- tgmperature (tolerance £3-°C K) °C b00
—time unQer load min 15
— mechanical stress N/cm?2 20
Maximpm elongation under load % 175
Maximpm permanent elongation after cooling % 15

* Va
ex]

ressed as a percentage of the latter.

iation: difference between the median value obtained after treatment and the median value without treatment,
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Annex A
(normative)

Fictitious calculation method for determination of dimensions
of protective coverings

General

The
nomi

This
samg
thick
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many
may

of caple.
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formlilae based on the cross-sectional area of conductors, nominal insulation thickness

numbi
diam
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The 1
It is

which should be calculated separately.

A

The

been
exan
betw

All th

hickness of cable coverings, such as sheaths and armour, has usually been relat
nal cable diameters by means of "step-tables".

2014

bd to

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

as the actual values achieved in production. In borderline cases, queries.can arise
ness of a covering does not correspond to the actual diameter becausé the calcu
eter is  slightly different. Variations in shaped conductor dimensions bet
facturers and different methods of calculation cause differences ifn ‘nominal diameter
herefore lead to variations in the thicknesses of coverings used-on the same basic d

oid these difficulties, the fictitious calculation method shall be used. The idea is to ig
hape and degree of compaction of conductors and to)calculate fictitious diameters

er of cores. Thicknesses of sheath and other _eoverings are then related to the fict
bters by formulae or by tables. The method of Calculating fictitious diameters is pre
fied and there is no ambiguity about the thicknesses of coverings to be used, whic
endent of slight differences in manufactusing practices. This standardizes cable des
nesses being pre-calculated and specified for each conductor cross-section.

ictitious calculation is used only to.determine dimensions of sheaths and cable covel
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 cablé
adopted to ensure that any differences which can arise in independent calculation
ple due te“the assumption of conductor dimensions and the unavoidable differg
ben nominal and actually achieved diameters, are eliminated.

ickness values and diameters shall be rounded according to the rules in Annex C t

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

A.2

A.21

Method

Conductors

The fictitious diameter (d|) of a conductor, irrespective of shape and compactness, is given for

each

nominal cross-section in Table A.1.
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Table A.1 - Fictitious diameter of conductor

Nominal cross- d. Nominal cross- d.
section of conductor section of conductor
mm?2 mm mm?2 mm
10 3,6 240 17,5
16 4,5 300 19,5
25 5,6 400 22,6
35 6,7 500 25,2
50 80 630 283
70 9,4 800 31,9
95 11,0 1 000 35,7
120 12,4 1200 39,1
150 13,8 1400 42,2
185 15,3 1600 45,1

A.2.2 Cores

The flictitious diameter D of any core is given by:

a) fgr cables having cores without semi-conducting layers:
D, =d| + 2\

b) fgr cables having cores with semi-conducting layers:
De=d +2¢t+3,0

wherg tj is the nominal thickness ofinsulation, in millimetres (see Tables 5 to 7).

If a metallie screen or a concentric conductor is applied, a further addition shall be magde in
accofdance with A.2.5.

A.2.3 Diameter over laid-up cores

The flictitious diameter over laid-up cores (Ds) is given by:

Ds = kD¢

wherg\the assembly coefficient k is 2,16 for a three-core cable.

A.2.4 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 (Ds) up to and including 40 mm;
tg = 0,6 mm for Ds exceeding 40 mm.
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These fictitious values for tg apply to

a) three-core cables:
— whether an inner covering is applied or not;
— whether the inner covering is extruded or lapped;

unless a separation sheath complying with 13.3.3 is used in place of or in addition to the
inner covering, when A.2.7 applies instead;

b) single-core cables:

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

A.2.£':I Concentric conductors and metallic screens

The lincrease in diameter due to the concentric conductor or metallic screen..is given in
Tablg A.2.

Table A.2 — Increase of diameter for concentric conductors and metallic screens

Nominal cross-section Nominal cross-section
. Increase . Increase
of concentric conductor . I of concentric conductor . !
. in diameter . in diameter
or metalliec screen or metalliec 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 14 300 6,0

| If the cross-section of the goncentric conductor or metallie screen lies between two df the
valugs given in the table above, then the increase in diameter is that given for the larger af the
two dross-sections.

| If a metallic screen\is applied, the cross-sectional area of the screen to be used in the |table
abovg shall be calculated in the following manner:

a) tgpe screen

cross-sectional area = ng x t; x wg

where

n¢ is the number of tapes;
ty is the nominal thickness of an individual tape, in millimetres;
w; 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;
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— for a longitudinally applied tape screen:
o if the overlap is below 30 %, the total thickness is the thickness of the tape;

e 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)

2
n, x dg xm

cross- sectional area = f + 0, x t x wy
where
nly is the number of wires;
di, is the diameter of an individual wire, in millimetres;
nk is the number of a counter helix;
tH is the thickness of a counter helix, in millimetres, if greater than 0,3 mm;
Wh is the width of a counter helix, in millimetres.

A.2.6 Lead sheath

The fictitious diameter over the lead sheath (Dpp) is given by:
wherg
Dy i the fictitious diameter under the lead sheath,yin millimetres;

top i the thickness calculated in accordance with 12.1, in millimetres.
A.2.7 Separation sheath

The flictitious diameter over the separation sheath (Dg) is given by:

Ds =Dy + 2 tg

wherg
D, i the fictitious diameter under the separation sheath, in millimetres;
ts

g the thickness.calculated in accordance with 13.3.3, in millimetres.

A.2.8 Lapped bedding

The 1lictitious diameter over the lapped bedding (D)p) is given by:

Dip=Dyip + 2 fip

where
Dy is the fictitious diameter under the lapped bedding, in millimetres;
tb is the thickness of lapped bedding, i.e. 1,5 mm according to 13.3.4.
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Additional bedding for tape-armoured cables (provided over the inner covering)

Table A.3 — Increase of diameter for additional bedding

Fictitious diameter under the addition bedding

Above

Up to and including

Increase in diameter for
additional bedding

mm
mm mm

- 29 1,0
29 - 1,6

A.2.10

Armour

The flictitious diameter over the armour (Dy) is given for:

a) flat or round wire armour by:

where
Da

DX=DA+2fA+2fW

is the diameter under the armour, in millimetres;

is the thickness or diameter of the armour wire, in millimetres;
is the thickness of the counter helix, if any, in millimetres, if greater than 0,3 mnj.

b) fqr double-tape armour by:

where
Da

DX=DA+4tA

is the diameter under the armour, in millimetres;

is the thickness of the armourdape, in millimetres.
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Annex B
(informative)

Tabulated continuous current ratings for cables having extruded
insulation and a rated voltage from 3,6/6 kV up to 18/30 kV

General

annex deals solely with the steady-state continuous current ratings of single-core

threg-core cables having extruded insulation. The tabulated current ratings provided in

anne
detai

Thes|
to 18

Kk have been calculated for cables having a rated voltage of 6/10 kV and constrtuctio
ed in Clause B.2.

e ratings can be applied to cables of similar constructions in the voltage range of 3,6
30 kV.

Som¢ parameters such as screen cross-sectional area and oversheath thickness hay
influgnce on the rating of large cables. In addition, the method-of’screen bonding has
taken into account in the rating of single-core cables.

The fabulated current ratings have been calculated using the methods set out in the IEC 6

serie

D.

NoTel4—For cyclic current ratings, see the IEC 60853 series.

NoTEl2 For short-circuit temperature limits,.see the IEC 60986 series.

B.2

The
base
to sp
assu

Cable constructions

d on those given in this~standard. The constructions and dimensions used are not rg
ecific national designs but reflect different model cables. Armoured three-core cable
med to have flat wire.armour and single-core cables are assumed to be unarmoure

the cables have coppér)tape core screens except the single-core XLPE insulated cable,

has

h copper wire screen. The nominal cross-sectional areas of the screens for the n

cablgs is given in.Table B.1.

Table B.1 — Nominal screen cross-sectional areas

and
this
s as

6 kV

e an
o be

0287

cable constructions and .dimensions for which current ratings have been tabulated are

lated
5 are
d. All
vhich
hodel

oniinal area of

16 25 35 50 70 95 120 | 150 | 185 | 240 | 300

400

] % 2
cofaucior—mm

Nominal cross-sectional area of screen, per core, mm?

EP

R insulated cable 3 3 4 4 4 5 5 5 6 6 7

8

XLPE insulated cable 16 16 16 16 16 16 16 25 25 25 25

35

The oversheath is taken to be polyethylene for the single core cables and PVC for the three-

core

B.3

cables.

Temperatures

The maximum conductor temperature for which the tabulated cable ratings have been
calculated is 90 °C.


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

- 58 - 60502-2:2014 RLV © IEC:2014

The reference ambient temperatures assumed are as follows:

— for cables in air: 30 °C

— for buried cables, either directly in the soil
or in ducts in the ground: 20 °C

Correction factors for other ambient temperatures are given in Tables B.10 and B.11.
The current ratings for cables in air do not take account of the increase, if any, due to solar or

other infra-red radiation. Where the cables are subject to such radiation, the current rating
should be derived by the methods specified in the IEC 60287 series.

B.4 | Soil thermal resistivity

The fabulated current ratings for cables in ducts or direct in the ground relate to.a’soil thegrmal
resistivity of 1,5 K-m/W. Information on the likely soil thermal resistivity in various countrfes is
giver] in IEC 60287-3-1. Correction factors for other values of thermal resistivity are given in
Tablgs B.14 to B.17.

It is |assumed that the soil properties are uniform, no allowancé‘\has been made fof the
poss|bility of moisture migration which can lead to a region of high’ thermal resistivity anound
the dable. If partial drying-out of the soil is foreseen, the permissible current rating should be
derived by the methods specified in the IEC 60287 series.

B.5 | Methods of installation

B.5.1 General

Currgnt ratings are tabulated for cables installed in the following conditions.

B.5.2 Single-core cables in air

The gables are assumed to be spaced at least 0,5 times the cable diameter from any vdrtical
surface and installed on brackets;or ladder racks as follows:

a) three cables in trefoil formation touching throughout their length;

b) three cables in horiZental flat formation touching throughout their length;

c) three cables in Honizontal flat formation with a clearance of one cable diameter.

oo 74®

>0,5 X Dg >0,5 % Dg >0,5 %X Dg
IEC 426/05
Figure B.1a Figure B.1b Figure B.1c
Key
D external diameter of the cable.

e

Figure B.1 — Single-core cables in air

B.5.3 Single-core cables buried direct

Current ratings are given for cables buried direct in the ground at a depth of 0,8 m under the
following conditions:
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a) three cables in trefoil formation touching throughout their length;

b) three cables in horizontal flat formation with a clearance of one cable diameter, D..

The

<—>| <>
D. D.
IEC 427/05
Figure B.2a Figure B.2b

Figure B.2 — Single-core cables buried direct

able depth is measured to the cable axis or centre of the trefoil group.

B.5.4 Single-core cables in earthenware ducts

Cur

r¢nt ratings are given for cables in earthenware ducts buried at a depth of 0,8 m with

cablg per duct as follows:

a) three cables in trefoil ducts touching throughout theiridength;

b) three cables in horizontal flat formation, ducts touehing throughout their length.

The

IEC 428/05
Figure B.3a Figure B.3b

Figure B.3 — Single-core cables in earthenware ducts

jucts are assumeéd to be earthenware having an inside diameter of 1,5 times the o\

diampgter of the cable and a wall thickness equal to 6 % of the duct inside diameter. The rg

are
mat

The
1,2
the

hased on-the assumption that the ducts are air filled. If the ducts have been filled W
erial such-as Bentonite, then it is usual to adopt the current ratings for cables buried di

one

tside
tings
ith a
rect.

ween

abdlated ratings may be applied to cables in ducts having an inside diameter of bet
R X . , \ :
rating is less than 2 % of the tabulated value.

B.5.5 Three-core cables

Cur

rent ratings are given for three-core cables installed under the following conditions:

jon in

a) single cable in air spaced at least 0,3 times the cable diameter from any vertical surface;

b) single cable buried direct in the ground at a depth of 0,8 m;

c) single cable in a buried earthenware duct having dimensions calculated in the same

manner as for the single-core cables in ducts. The depth of burial of the duct is 0,8 m.
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2@,3 x D
IEC 429/05
Figure B.4a Figure B.4b Figure B.4c

Figure B.4 — Three-core cables

B.6 | Screen bonding

All the tabulated ratings for single-core cables assume that the cable screens are splidly
bonded, i.e. bonded at both ends of the cables.

B.7 | Cable loading

The |tabulated ratings relate to circuits carrying a balanced( three-phase load at a fated
frequency of 50 Hz.

B.8 | Rating factors for grouped circuits

The {abulated current ratings apply to a set of three'single-core cables or one three-core gable
forming a three-phase circuit. When a number of circuits are installed in close proximity the
rating should be reduced by the appropriate factor from Tables B.18 to B.23.

Thesg rating factors should also be applied to groups of parallel cables forming the same
circuft. In such cases, attention should also be given to the arrangement of the cablgs to
ensufe that the load current is shared equally between the parallel cables.

B.9 | Correction factors

The ¢orrection factors given in Tables B.10 to B.23 for temperature, installation conditiong and
grouping are averages over a range of conductor sizes and cable types. For particular cases,
the cprrection faetor'may be calculated using the methods in IEC 60287-2-1.
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Table B.2 — Current ratings for single-core cables with XLPE insulation —

Rated voltage 3,6/6 kV to 18/30 kV * —

Copper conductor

Buried direct In single-way ducts In air
in the ground
i Flat
Nominal Trefoil |Flat spaced [Trefoil ducts| touching Trefoil Flat Flat spaced
area of ducts touching
conductor - —x—xt—— -
HHHEE HH it 650, asen.
mm? A A A A A A X
16 109 113 103 104 125 128 150
25 140 144 132 133 163 167 196
35 166 172 157 159 198 203 238
50 196 203 186 188 238 243 286
70 239 246 227 229 296 303 356
95 285 293 271 274 361 369 434
120 323 332 308 311 417 426 500
150 361 366 343 347 473 481 559
185 406 410 387 391 543 550 637
240 469 470 447 453 641 647 745
300 526 524 504 510 735 739 846
400 590 572 564 571 845 837 938
Mgximum conductor temperature 90 °C
Ambient air temperature 30 °C
Grpund temperature 20 °C
Ddpth of laying 0,8 m
Thiermal resistivity of soil 1,5 K'm/W
Thiermal resistivity.of earthenware ducts 1,2 Krm/W
Sdgreens bonded at both ends.
* [urrent rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.3 — Current ratings for single-core cables with XLPE insulation —
Rated voltage 3,6/6 kV to 18/30 kV * —
Aluminium conductor

Buried direct in the In single-way ducts In air
ground
i Flat
Nominal Trefoil |Flat spaced [Trefoil ducts| touching Trefoil Flat Flat spaced
area of ducts touching
conductor —8—81——— -
HHHEC HH H 050, 2050,
mm? A A A A A A X
16 84 88 80 81 97 99 116
25 108 112 102 103 127 130 153
35 129 134 122 123 154 157 185
50 152 157 144 146 184 189 222
70 186 192 176 178 230 236 278
95 221 229 210 213 280 287 338
120 252 260 240 242 324 332 391
150 281 288 267 271 368 376 440
185 317 324 303 307 424 432 504
240 367 373 351 356 502 511 593
300 414 419 397 402 577 586 677
400 470 466 451 457 673 676 769
Mgximum conductor temperature 90 °C
Ambient air temperature 30 °C
Grpund temperature 20 °C
Ddpth of laying 0,8 m
Thiermal resistivity of soil 1,5 Krm/W
Thiermal resistivity.of earthenware ducts 1,2 K'm/W
Sdreens bonded at both ends.
* [urrent rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.4 — Current ratings for single-core cables with EPR insulation —

Rated voltage 3,6/6 kV to 18/30 kV * —

Copper conductor

Buried direct in the In single-way ducts In air
ground
i Flat
Nominal Trefoil |Flat spaced [Trefoil ducts| touching Trefoil Flat Flat spaced
area of ducts touching
conductor | —— —x9p———
E IO HH H 050, Y050,
mm? A A A A A A X
16 106 109 99 100 116 119 138
25 136 140 128 129 153 156 181
35 162 167 153 154 186 190 221
50 192 198 181 183 224 229 266
70 234 242 222 224 280 287 334
95 280 289 266 269 343 352 409
120 319 329 303 306 398 407 474
150 357 369 341 344 454 465 540
185 403 417 386 390 522 534 621
240 467 484 449 454 619 634 736
300 526 545 509 515 712 728 843
400 597 618 580 588 825 843 977
Mgximum conductor temperature 90 °C
Ambient air temperature 30 °C
Grpund temperature 20 °C
Ddpth of laying 0,8 m
Thiermal resistivity of soil 1,5 Krm/W
Thiermal resistivity.of earthenware ducts 1,2 K'm/W
Sdreens bonded at both ends.
* [urrent rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.5 — Current ratings for single-core cables with EPR insulation —
Rated voltage 3,6/6 kV to 18/30 kV * —
Aluminium conductor

Buried direct in the In single-way ducts In air
ground
i Flat
Nominal Trefoil |Flat spaced [Trefoil ducts| touching Trefoil Flat Flat spaced
area of ducts touching
conductor | —— —x9p———
EHHCICTHHH HH H 2050, b0,
mm? A A A A A A X
16 82 84 77 78 90 92 107
25 105 109 99 100 119 121 141
35 126 130 118 120 144 147 171
50 149 153 140 142 174 178 207
70 182 188 172 174 248 223 259
95 217 224 206 208 266 273 317
120 247 256 235 238 309 317 368
150 277 287 264 267 352 361 419
185 314 325 300 303 406 417 484
240 364 377 350 354 483 495 575
300 411 426 397 401 556 570 659
400 471 487 456 462 651 667 770
Mgximum conductor temperature 90 °C
Ambient air temperature 30 °C
Grpund temperature 20 °C
Ddpth of laying 0,8 m
Thiermal resistivity of soil 1,5 Kkm/W
Thiermal resistivity.of earthenware ducts 1,2 K'm/W
Sgreens bonded at both ends.
* [Lurrent\tating calculated for cables having a rated voltage of 6/10 kV.
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Table B.6 — Current rating for three-core XLPE insulated cables —
Rated voltage 3,6/6 kV to 18/30 kV * —
Copper conductor, armoured and unarmoured

Unarmoured Armoured
Buried direct In a buried . Buried direct In a buried .
. In air . In air
in ground duct in ground duct
Nominalarea IEEEEEEEEEEN] IEEEEEEEEEEN] IEEEEEEEEEEN]
of conductor
EEEEEEEENEEE Bttt EEEEEEEENEEE
T . L1 T
1 . mmn 1
S - = S
57 HH =as I
nm? A A A A A A
16 101 87 109 101 88 110
25 129 112 142 129 112 143
35 153 133 170 154 134 172
50 181 158 204 181 158 205
70 221 193 253 220 194 253
95 262 231 304 263 232 307
120 298 264 351 298 264 352
150 334 297 398 332 296 397
185 377 336 455 374 335 453
P40 434 390 531 431 387 529
300 489 441 606 482 435 599
100 553 501 696 541 492 683
Maximum conductor temperature 90 °C
Ambignt air temperature 30 °C
Ground temperature 20 °C
DeptH of laying 0,8 m
Thermal resistivity of soil 1,5 K'm/W
Thermal resistivity of earthenhware ducts 1,2 Krm/W
* Cdrrent rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.7 — Current rating for three-core XLPE insulated cables —
Rated voltage 3,6/6 kV to 18/30 kV * —
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Aluminium conductor, armoured and unarmoured

Unarmoured Armoured
Buried direct In a buried . Buried direct In a buried .
. In air . In air
in ground duct in ground duct
Nominalarea IEEEEEEEEEEN] IEEEEEEEEEEN] IEEEEEEEEEEN]
of conductor
EEEEEEEENEEE Bttt EEEEEEEENEEE
T . L1 T
1 . mmn 1
L - = 3
in=d A HH in=d
m? A A A A A A
16 78 67 84 78 68 85
25 100 87 110 100 87 111
35 119 103 132 119 104 133
50 140 122 158 140 123 159
70 171 150 196 171 150 196
95 203 179 236 204 180 238
120 232 205 273 232 206 274
150 260 231 309 259 231 309
185 294 262 355 293 262 354
P40 340 305 495 338 304 415
300 384 346 475 380 343 472
100 438 398 552 432 393 545
Maximum conductor temperature 90 °C
Ambignt air temperature 30 °C
Ground temperature 20 °C
DeptH of laying 0,8 m
Thermal resistivity of soil 1,5 K'm/W
Thermal resistivity of earthenhware ducts 1,2 Krm/W

* Cudrrent rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.8 — Current rating for three-core EPR insulated cables —
Rated voltage 3,6/6 kV to 18/30 kV * —
Copper conductor, armoured and unarmoured

Unarmoured Armoured
Buried direct In a buried . Buried direct In a buried .
. In air . In air
in ground duct in ground duct
Nominalarea IEEEEEEEEEEN] LILLL L] IEEEEEEEEEEN] LILLL LIy
of conductor
EEEEEEEENEEE EEEEEE=SRNEED EEEEEEEENEEE EEEEEE=SRANEND
LIl L) Ll L1l = 1
LIl L) L LIl L) L
"0 nnm T » unn umy
7 RSt = Tt
nm? A A A A A A
16 98 84 104 98 85 104
25 125 109 135 125 109 136
35 150 130 164 150 131 164
50 176 154 195 177 155 197
70 216 189 243 216 190 244
95 258 227 296 257 227 296
120 292 258 339 292 259 339
150 328 291 385 327 291 385
185 371 330 441 368 328 439
P40 429 384 519 424 381 513
300 482 434 590 475 429 583
100 545 494 678 534 485 666
Maxiium conductor temperature 90 °C
Ambignt air temperature 30 °C
Ground temperature 20 °C
DeptH of laying 0,8 m
Thermal resistivity of soil 1,5 Kkm/W
Thermal resistivity of earthenhware ducts 1,2 KKm/W
* Current rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.9 — Current rating for three-core EPR insulated cables —
Rated voltage 3,6/6 kV to 18/30 kV * —
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Aluminium conductor, armoured and unarmoured

Unarmoured Armoured
Buried direct In a buried . Buried direct In a buried .
. In air . In air
in ground duct in ground duct
Nominalarea LLILLL L] LILLL L] IEEEEEEEEEEN] LILLL LIy
of conductor
EENEEEEERN RN EEEEEE=wREENI EEEEEEEENEEE EEEEEE=SRANEND
L1l R L L1l = -
LLL L L LLL L L
"0 nnm umyl v O umy
2 CEFER ] 2 PR
nm? A A A A A A
16 76 65 80 76 66 81
25 97 84 105 97 85 105
35 116 101 127 116 101 127
50 137 119 151 137 120 153
70 167 147 189 168 147 190
95 200 176 229 200 176 230
120 227 201 263 227 201 264
150 255 226 299 254 226 300
185 289 257 343 288 257 343
P40 335 300 406 332 299 402
300 378 340 462 374 338 459
100 432 392 538 426 387 530
Maxiium conductor temperature 90 °C
Ambignt air temperature 30 °C
Ground temperature 20 °C
DeptH of laying 0,8 m
Thermal resistivity of soil 1,5 K'm/W
Thermal resistivity of earthenhware ducts 1,2 K'm/W
* Cdrrent rating calculated for cables having a rated voltage of 6/10 kV.
Table B.10 — Correction factors for ambient
air temperatures other than 30 °C
Maximum conductor Ambient air temperature
temperature °C
°C
35 40 45 50 55 60

90
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Table B.11 — Correction factors for ambient ground
temperatures other than 20 °C

Maximum conductor Ambient ground temperature
temperature °C
°C
25 30 35 40 45
90

Table B.12 — Correction factors for depths of laying
other than 0,8 m for direct buried cables

Single-core cables
Depth of laying Nominal condzuctor size Three-core
m mm cables
<185 mm? >185 mm?
0,5 1,04 1,06 1,04
0,6 1,02 104 1,03
1 0,98 0,97 0,98
1,25 0,96 0,95 0,96
1,5 0,95 0,93 0,95
1,75 0,94 0,91 0,94
2 0,93 0,90 0,93
2,5 0,91 0,88 0,91
3 0,90 0,86 0,90

Table B.13 — Correction factors for depths of laying
other than 0,8 m for cables in ducts

Single-core cables
Three-core

Depth of laying Nominal condzuctor size cable

m mm

<185 mm? >185 mm?

0,5 1,04 1,05 1,03
0,6 1,02 1,03 1,02
1 0,98 0,97 0,99
1,25 0,96 0,95 0,97
1,5 0,95 0,93 0,96
1,75 0,94 0,92 0,95
2 0,93 0,91 0,94
2,5 0,91 0,89 0,93
3 0,90 0,88 0,92
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Table B.14 — Correction factors for soil thermal resistivities
other than 1,5 K-m/W for direct buried single-core cables

Nominal Values of soil thermal resistivity
area of K-m/W

conductor
mm?2 0,7 0,8 0,9 1 2 2,5 3
16 1,29 1,24 1,19 1,15 0,89 0,82 0,75
25 1,30 1,25 1,20 1,16 0,89 0,81 0,75
35 1,30 1,25 1,21 1,16 0,89 0,81 0,75
50 1,32 1,26 1,21 1,16 0,89 0,81 0,74
70 1,33 1,27 1,22 1,17 0,89 0,81 Q,74
95 1,34 1,28 1,22 1,18 0,89 0,80 0,74
120 1,34 1,28 1,22 1,18 0,88 0,80 0,74
150 1,35 1,28 1,23 1,18 0,88 0,80 0,74
185 1,35 1,29 1,23 1,18 0,88 0,80 0,74
240 1,36 1,29 1,23 1,18 0,88 0,80 0,73
300 1,36 1,30 1,24 1,19 0,88 0,80 0,73
400 1,37 1,30 1,24 1,19 0,88 0,79 0,73

Table B.15 — Correction factors for soil thermal resistivities
other than 1,5 K-m/W;single-core cables in buried ducts

Nominal Values of soil thermal resistivity
area of K-m/W

conductor
mm2 0,7 0,8 0,9 1 2 2,5 3
16 1520 1,17 1,14 1,11 0,92 0,85 0,79
25 1,21 1,17 1,14 1,12 0,91 0,85 0,79
35 1,21 1,18 1,15 1,12 0,91 0,84 0,79
50 1,21 1,18 1,15 1,12 0,91 0,84 0,78
70 1,22 1,19 1,15 1,12 0,91 0,84 0,78
95 1,23 1.19 1.16 1.13 0,91 0,84 0,78
120 1,23 1,20 1,16 1,13 0,91 0,84 0,78
150 1,24 1,20 1,16 1,13 0,91 0,83 0,78
185 1,24 1,20 1,17 1,13 0,91 0,83 0,78
240 1,25 1,21 1,17 1,14 0,90 0,83 0,77
300 1,25 1,21 1,17 1,14 0,90 0,83 0,77
400 1,25 1,21 1,17 1,14 0,90 0,83 0,77
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Table B.16 — Correction factors for soil thermal resistivities
other than 1,5 K-m/W for direct buried three-core cables

Nominal area Values of soil thermal resistivity

of conductor Kem/W
mm? 0,7 0,8 0,9 1 2 2,5 3
16 1,23 1,19 1,16 1,13 0,91 0,84 0,78
25 1,24 1,20 1,16 1,13 0,91 0,84 0,78
35 1,25 1,21 1,17 1,13 0,91 0,83 0,78
70 1,26 1,21 1,18 1,14 0,90 0,83 0,77
95 1,26 1,22 1,18 1,14 0,90 0,83 0,77
120 1,26 1,22 1,18 1,14 0,90 0,83 0y77
150 1,27 1,22 1,18 1,15 0,90 0,83 0,77
185 1,27 1,23 1,18 1,15 0,90 0,83 0,77
240 1,28 1,23 1,19 1,15 0,90 0,83 0,77
300 1,28 1,23 1,19 1,15 0,90 0,82 0,77
400 1,28 1,23 1,19 1,15 0,90 0,82 0,76

Table B.17 — Correction factors for soil thermal resistivities

other than 1,5 K-m/W forithree-core cables in ducts

Nominal Values of soil thermal resistivity
area of K-m/W

conductor
2 0,7 0,8 0,9 1 2 2,5 3
16 1,12 =11 1,09 1,08 0,94 0,89 0,84
25 1,14 1,12 1,10 1,08 0,94 0,89 0,84
35 1,14 1,12 1,10 1,08 0,94 0,88 0,84
50 1,14 1,12 1,10 1,08 0,94 0,88 0,84
70 1,15 1,13 1,11 1,09 0,94 0,88 0,83
95 1,15 1,13 1,11 1,09 0,94 0,88 0,83
120 1,15 1,13 1,11 1,09 0,93 0,88 0,83
150 1.16 1.13 1.11 1.09 0,93 0.88 0,83
185 1,16 1,14 1,11 1,09 0,93 0,87 0,83
240 1,16 1,14 1,12 1,10 0,93 0,87 0,82
300 1,17 1,14 1,12 1,10 0,93 0,87 0,82
400 1,17 1,14 1,12 1,10 0,92 0,86 0,81



https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

- 72 —

60502-2:2014 RLV © IEC:2014

Table B.18 — Correction factors for groups of three-core cables

in horizontal formation laid direct in the ground

Number of Spacing between cable centres
cables in mm
group Touching 200 400 600 800
2 0,80 0,86 0,90 0,92 0,94
3 0,69 0,77 0,82 0,86 0,89
4 0,62 0,72 0,79 0,83 0,87
5 957 9:68 046 9;84 8:85
6 0,54 0,65 0,74 0,80 0,84
7 0,51 0,63 0,72 0,78 0,83
8 0,49 0,61 0,71 0,78
9 0,47 0,60 0,70 0,77 a
10 0,46 0,59 0,69 - -
1 0,45 0,57 0,69 - -
12 0,43 0,56 0,68 - -
Table B.19 — Correction factors for groups of'three-phase circuits
of single-core cables laid direct/in the ground
Number of Spacing between group centres
cables in mm
group Touching 200 400 600 800

2 0,73 0,83 0,88 0,90 0,92
3 0,60 0,73 0,79 0,83 0,86
4 0,54 0,68 0,75 0,80 0,84
5 049 0,63 0,72 0,78 0,82
6 0,46 0,61 0,70 0,76 0,81
7 0,43 0,58 0,68 0,75 0,80
8 0,41 0,57 0,67 0,74 -
9 0,39 0,55 0,66 0,73 -
10 0,37 0,54 0,65 - -
11 0,36 0,53 0,64 - -
12 0.35 0.52 0.64 - -
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Table B.20 — Correction factors for groups of three-core cables
in single way ducts in horizontal formation

Number of Spacing between duct centres
cables in mm
group Touching 200 400 600 800

2 0,85 0,88 0,92 0,94 0,95
3 0,75 0,80 0,85 0,88 0,91
4 0,69 0,75 0,82 0,86 0,89
5 0,65 0,72 0,79 0,84 0,87
6 0,62 0,69 0,77 0,83 0,87
7 0,59 0,67 0,76 0,82 0,86
8 0,57 0,65 0,75 0,81 =
9 0,55 0,64 0,74 0,80 —
10 0,54 0,63 0,73 - -
11 0,52 0,62 0,73 - -
12 0,51 0,61 0,72 — -

Table B.21 — Correction factors for groups of three-phase circuits
of single-core cables in single-way ducts

Number of Spacing between duct group centres
cables in mm
group Touching 200 400 600 800

2 0,78 0,85 0,89 0,91 0,93
3 0,66 0,75 0,81 0,85 0,88
4 0,59 0,70 0,77 0,82 0,86
5 0,55 0,66 0,74 0,80 0,84
6 0,51 0,64 0,72 0,78 0,83
7 0,48 0,61 0,71 0,77 0,82
8 0,46 0,60 0,70 0,76 -
9 0,44 0,58 0,69 0,76 -
10 0,43 0,57 0,68 - -
11 0,42 0,56 0,67 - -
12 0,40 0,55 0,67 - -
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To be applied to the current-carrying capacity for one multi-core cable in free air

Number of cables
Method of installation Number
of trays 1 2 3 4 6 9
Touching 1 1,00 0,88 0,82 0,79 0,76 0,73
2 1,00 0,87 0,80 0,77 0,73 0,68
3 1,00 0,86 0,79 0,76 o711 0,66
Cables pn
perforated ftrays Spaced 1 1,00 1,00 0,98 0,95 0,91
De
\41\&)\ 2 1,00 0,99 0,96 0,92 0,47 -
@@ e
>20 mm -
3 1,00 0,98 0,95 0,91 0,85
> I
225 mm.
§89 1 1,00 0,88 0,82 0,78 0,73 0,72
o
138
i 2 1,00 0,88 0,81 0,76 0,11 0,70
) . Touching
Cables on vertical
perforated [trays ., —
G, ® _
P25 mm | 1 1,00 0,91 0,89 0,88 0,97
52/ SCIN
N -
@i i@ 2 1,00 0,91 0,88 0,87 0,85
= (=
Spaced
Touching 1 1,00 0,87 0,82 0,80 0,79 0,78
O'VACNZONION/ON
g @@@@@ 2 1,00 | 08 | 08 | 078 | 076 | 073
<S> 20 mm
Cables on Ihdder 3 1,00 0,85 0,79 0,76 0,73 0,70
supports, c|eats, Spaced -
etc. 1 1,00 1,00 1,00 1,00 1,40
D,
g AN _
g @ ‘@ 2 1,00 0,99 0,98 0,97 0,96
.
™
|~ >20 mm _
3 1,00 0,98 0,97 0,96 0,93
NOTE 1 Values given are averages for the cable types and range of conductor sizes considered. The spread of values is

generally less than 5 %.

NOTE 2 Factors apply to single layer groups of cables as shown above and do not apply when cables are installed in more
than one layer touching each other. Values for such installations may be significantly lower and must be determined by an
appropriate method.

NOTE 3 Values are given for vertical spacings between trays of 300 mm and at least 20 mm between trays and wall. For closer
spacing, the factors should be reduced.

NOTE 4 Values are given for horizontal spacing between trays of 225 mm with trays mounted back to back. For closer spacing,
the factors should be reduced.
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Table B.23 — Reduction factors for groups of more than one circuit of single-core cables
(Note 2) — To be applied to the current-carrying capacity for one circuit of single-core
cables in free air

Number of three-phase Use as a
; ; Number of circuits (Note 5) -
Method of installation travs multiplier to
y 1 2 3 rating for
Touching 1 0,98 0,91 0,87
Pe;forated ‘ ‘ Three cables in
rays 2 0,96 0,87 0,81 horizontal
(Note 3) ‘ u--.@.@.-.@@ formation
>20 mm
3 0,95 0,85 0,78
Touching 1 1,00 0,97 0,96
L adder
sfipports, Three cableg in
cleats etc. 2 0,98 0,93 0,89 horizonta
" 3 I@A@@@A@@I formation
t
(Pote 3) l-~=—>20 mm
3 0,97 0,90 0,86
1 1,00 0,98 0,96
>2D
P¢rforated \ € <De
trays O
- :___ 2 0,970 093 | 089
(Note 3) >20 mm
3 0,96 0,92 0,86
O SN0’
ertical ©&1 225 m;n’ 1 1,00 0,91 0,89
pgrforated | A 2De Three cables
trays o) op= in trefoil
(O o ON formation
(Note 4) (O 2 1,00 | 09 | 0,86
D,
© Spaced
1 1,00 1,00 1,00
| adder 2 2D\e ‘ﬁeDe
stipports, oAm>)o
clgats, etc. I@@ G I 2 0,97 0,95 0,93
(Note 3) =220 mm
3 0,96 0,94 0,90
NOTE 1 Values-given are averages for the cable types and range of conductor sizes considered. The spread
of vplues is genefally less than 5 %.
NOTE 2 FRactors are given for single layers of cables (or trefoil groups) as shown in the table and do not apply
whepp cables are installed in more than one layer touching each other. Values for such installations may be
signjificantly lower and should be determined by an appropriate method.
NOT f f i ; g,
should be reduced.
NOTE 4 Values are given for horizontal spacing between trays of 225 mm with trays mounted back to back.
For closer spacing, the factors should be reduced.
NOTE 5 For circuits having more than one cable in parallel per phase, each three phase set of conductors
should be considered as a circuit for the purpose of this table.
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Annex C
(normative)

Rounding of nhumbers

Rounding of numbers for the purpose of the fictitious calculation method

The following rules apply when rounding numbers in calculating fictitious diameters and
Y

thick
to 0,

To ill

a) w
fi

E

C.2

For

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_ateach
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.

Listrate these rules, the following practical examples are given:

hen the figure in the second decimal place before rounding is 0, 1, 2, 3 or 4, the

Jure retained in the first decimal place remains unchanged (rounding down);
amples:
2,12 ~ 21
2,449 ~0 2,4
25,0478, = 25,0

hen the figure in the second decimal*place before rounding is 9, 8, 7, 6 or 5, the

igure in the first decimal place is increased by one (rounding up).
amples:
2,17 ~ 272
2453 ~ 25
30,0560 =~ 30,1

Rounding of numbers for other purposes

urposes otherthan those considered under Clause C.1, it may be required that value

roundled to mdre*than one decimal place. This may occur, for instance, in calculatin

averg

of decimal-places specified in the relevant clauses.

stage
bf an
The

hess calculated from the rounded value of the fictitious diameter shall, in turn, be rounded

h the

h the

S are
j the

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

mber

toIerT;nce t6a given nominal value. In these cases, rounding shall be carried out to the nu

The method of rounding shall then be as follows:

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

Examples:
2,449 =~ 2,45 rounded to two decimal places
2449 =~ 24 rounded to one decimal place
25,0478 ~ 25,048 rounded to three decimal places
25,0478 ~ 25,05 rounded to two decimal places
25,0478 ~ 25,0 rounded to one decimal place
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Annex D
(normative)

Method of measuring resistivity of semi-conducting screens

test piece shall be prepared from a 150 mm sample of completed cable.

The conductor screen test plece shall be prepared by cuttmg a sample of core in half

longitu
insul
core

The

Four
the s
the t
elect

Conn
to th
insul

The
inter
of a

After
scred
ambi
in Fig

procedure for determining the volume resistivity of the screens shall be as follows:

silver-painted electrodes A, B, C, and D (see Figures D.1a and D.1b)|shall be appli

vo current electrodes, A and D, shall be each placed at least 25(mm beyond the pot
rodes.

htion screen on the outer surface of the test samplex

hssembly shall be placed in an oven preheatedto the specified temperature and, aft

ircuit, the power of which shall not exceed, 100 mW.

the electrical measurements, the diameters over the conductor screen and insu

ent temperature, each being the average of six measurements made on the sample s
ure D.1b.

atlon screen test piece shaII be prepared by removmg all the covermgs from the samle of
see Figure D.1b).

Eed to

emi-conducting surfaces. The two potential electrodes, B and C, shall.be 50 mm apant and

ential

ections shall be made to the electrodes by means of suitable clips. In making connedtions
b conductor screen electrodes it shall be ensured that the clips are insulated from the

er an

al of at least 30 min, the resistance betwegn\the electrodes shall be measured by means

ation

n and the thicknesses of the conductor screen and insulation screen shall be measuned at

hown



https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

- 78 - 60502-2:2014 RLV © IEC:2014

The volume resistivity p in ohm - metres shall be calculated as follows:

a) conductor screen
R, xmx (D — T,) x T,

o =
° 2L,
where
o is the volume resistivity, in ohm - metres;
Rc is the measured resistance, in ohms;
LE IS the distance between potential efectrodes, I metres,
D is the outer diameter over the conductor screen, in metres;
TL is the average thickness of conductor screen, in metres.
b) insulation screen
Py Ry xnx (D - T,) x T

L.

|
here

is the volume resistivity, in ohm - metres;

is the measured resistance, in ohms;

is the distance between potential electrodesyin metres;

is the outer diameter over the insulationiscreen, in metres;

4O~ x> s

is the average thickness of insulation,screen, in metres.
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Dimensions in millimetres

o D
C
2
B
=25 mm
A
// ‘ o
‘s/
IEC 2417/11
Ky
1 [insulation screen B, C potential electrodes
2 |conductor screen A, D current electrodes
Figure D.1a — Measurement of the volume\resistivity of the conductor screen
Dimensions in milliqetres
A
IEC 2418/11
Key
1 insulation screen B, C potential electrodes
2 conductor screen A, D current electrodes

Figure D.1b — Measurement of the volume resistivity of the insulation screen

Figure D.1 — Preparation of samples for measurement of resistivity
of conductor and insulation screens
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Annex E
(normative)

Determination of hardness of HEPR insulations

E.1 Test piece

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

E.2 | Test procedure

E.2.1 General

Testg shall be made in accordance with ISO 48 with exceptions as indicated below.

E.2.2 Surfaces of large radius of curvature

The {est instrument, in accordance with ISO 48, shall be constructed so as to rest firmly on the
HEPR insulation and permit the presser foot and indenfor'to make vertical contact with this
surfalce. This is done in one of the following ways:

a) the instrument is fitted with feet moveable in universal joints so that they adjust themsglves
tq the curved surface;

b) the base of the instrument is fitted with™\two parallel rods A and A' at a distance ppart
depending on the curvature of the surface (see Figure E.1).

These methods may be used on surfaces with radius of curvature down to 20 mm.

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

E.2.3 Surfaces of small radius of curvature

On sprfaces with toe_small a radius of curvature for the procedures described in E.2.2, th¢ test
piecq shall be supported on the same rigid base as the test instrument, in such a way ps to
minimize bodily"movement of the HEPR insulation when the indenting force incremgnt is
applied to the.indentor and so that the indentor is vertically above the axis of the test gdiece.
Suitaple procedures are as follows:

a) by resting the test piece in a grove or trough in a metal jig (see Figure E.2a);

b) by resting the ends of the conductor of the test piece in V-blocks (see Figure E.2b).

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 in ISO 48 for thin and small test
pieces shall be used.

E.2.4 Conditioning and test temperature

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

E.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, reported
to the nearest whole number in international rubber hardness degrees (IRHD).

LR

O:

A

IEC 255/97

Figure E.1 — Test on surfaces of large radius of curvature

o

222 | - —
S LIS (I
Figure E.2a — Test piece groove Figure E.2b - Test piece in V-blocks

Figure E.2 — Test on surfaces of small radius of curvature
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Annex F
(normative)

Water penetration test

Test piece

2014

A sample of completed cable at least 6 m in length which has not been subjected to any of the

tests
the &

A3n

i i ] ubj i i i 2.4 Wi
dditional partial discharge test.

and 1Iaced horizontally. A ring approximately 50 mm wide shall be removed from 'the cen

the |
cond
cond

If the
contd
case

ngth. This ring shall comprise all the layers external to the insulation. screen. Wher
Lictor is also claimed to contain a barrier, the ring shall comprise all layers external {
Lictor.

cable contains intermittent barriers to longitudinal water penetration then the sample
in at least two of these barriers, the ring being removed from between the barriers. |

of the cable sample shall be determined accordingly.

The
readi
seald

hout

h length of cable shall be cut from the length which has been subjected to thelbending test

re of
e the
o the

shall
n this

the average distance between the barriers in such cables\should be stated and the lgngth

surfaces shall be cut so that the interfaces intended to be longitudinally watertight shall be

y exposed to the water. The interfaces not intended to be longitudinally watertight sh
d with a suitable material or the outer coverings removed.

Exanpples of these latter interfaces include;

- W
— th
Arrar

to be
seals

NOTE|
water

F.2

hen only the conductor of the cablefias a barrier;
e interface between the oversheath and the metaltie sheath.
ge a suitable device (see.kigure F.1) to allow a tube having a diameter of at least 1

placed vertically over the 'exposed ring and sealed to the surface of the oversheath
where the cable exits the apparatus shall not exert mechanical stress on the cable.

The response of certain barriers to longitudinal penetration can be dependent on the composition
e.g. pH, ion concentration). Normal tap water should be used for the test, unless otherwise specified.

Test

The

bl be

mm
The

of the

ubg’is filled within 5 min with water at an ambient temperature of (20 + 10) °C so th§

t the

height of the water in the tube is 1 m above the cable centre (see Figure F.1). The sample shall
be allowed to stand for 24 h.

The sample shall then be subjected to 10 heating cycles by passing current through the
conductor, until the conductor reaches a steady temperature 5°C K to 102C K above the
maximum conductor temperature in normal operation and which shall not reach 100 °C.

The duration of the heating cycle shall be at least 8 h. The conductor temperature shall be
maintained within the stated temperature limits for at least 2 h of each heating period. This

shall

be followed by at least 3 h of natural cooling.

The water head shall be maintained at 1 m.
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NOTE No voltage being applied throughout the test, it is advisable to connect a dummy cable in series with the
cable to be tested, the temperature being measured directly on the conductor of this cable.

F.3 Requirements

During the period of testing no water shall emerge from the ends of the test piece.

Dimensions in millimetres

Water header tank —— |

G

Vent

@10 min. (inner)
—>l—

.X X. 1000
Cable —\ / %\

<

t 100 max.

— 50 approx.
500 max.

3000

IEC 254/97

Figure F.1 — Schematic diagram of apparatus for water penetration test
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Annex G
(informative)

Determination of the cable conductor temperature

G.1 Purpose

For some tests, it is necessary to raise the cable conductor to a given temperature, typically
5 K tp— 1O Kabove the maximum emperature In nordal operation, wnile the cable IS en vized,
eithef at power frequency or under impulse conditions. It is therefore not possibl$ have
accesps to the conductor to enable direct measurement of temperature. Q_

™

In aqdition, the conductor temperature should be maintained within a restr(ty range |(5 K)
whergas the ambient temperature may vary over a wider range. ‘Jl/

the first place, the variation of ambient conditions throughout the d on of the test may| lead

Althgugh preliminary calibration on the cable under test or calculatio ? ay be satisfactory in
to dejviations of the temperature of the conductor outside range

Thergfore, methods should be used in which the conductor;@gﬁerature can be monitored and
contrplled throughout the duration of the test. Q

Guidgnce is given hereafter on commonly used metf@

N\
N
G.2 | Calibration of the temperature Q{\@he main test loop
\
G.2.1 General . ®$
\)

The |purpose of the calibration @ to determine the conductor temperature by direct

meagurement for a given curren\g in the temperature range required for the test.
\0

The pable used for callbratgd (hereafter called reference cable) should be taken from $ame

length as the cable usec@ r-the main test loop.

G.2.2 Installatuﬁ)of cable and temperature sensors

The galibratio uld be performed on a minimum cable length of 5 m, taken from the same
cablg as te t@ The length should be such that the longitudinal heat transfer to the cable [ends
does note) t the temperature in the centre 2 m of cable by more than 2 K.

At th J\\IAI’IIQ nf H'\a raFarahr\a cahla o I‘amharc\hlro SEeRSOfS ohr\|||r| ho aH'f)r\harl ope—-o the

erce—scable—twe peraturesensors—shoud ached—ot
conductor (TC4;), and one on the external surface or directly under the external surface
(TCys)-

Two other temperature sensors, TC,. and TC,., should be installed on the conductor of the
reference cable (see Figure G.1), each one about 1 m away from the middle.

The temperature sensors should be attached to the conductor by mechanical means since they
may move due to vibrations of the cable during heating. Care should be taken to maintain good
thermal contact during the tests and to prevent leakage of heat to the ambient. It is
recommended to mount the thermocouple(s) as shown in Figure G.2 between two strands of a
stranded conductor or between the (solid) conductor and the conductor screen. To enable
access to the conductor in the middle of the reference cable, a small hatch should be made by
careful removal of the layers above the conductor. After installing the temperature sensor(s),
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the layers that have been removed may be put back. This may restore the thermal behaviour of
the reference cable.

NOTE To prove a negligible heat transfer towards the cable ends, the difference between the readings of TC,,
TC, and TC,, should be less than 2 K.

If the main test loop includes several individual cable lengths installed close to each other,
these lengths will be subjected to thermal proximity effect. The calibration should therefore be
carried out, taking into account the actual test arrangement, measurements being performed
on the hottest cable length (usually the middle length).

| | | | <
L &5
5 / /
6
7
8
9
3 Y
1,000 mm 1 000 mm
10
IEC 2415/11
Key
1 turrent inducing transfermers 6 TC,, (conductor)
2 erminations 7 TC,. (conductor)
3 Cable undertest 8 TC,, (sheath)
4 eferencencable (=5 m) 9 TC,, (conductor)
5 Curpent_measuring transformers 10 TC, (sheath)
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<10 mm*

2mm

1 2 4 IEC 2416/11
Key
1 cdnductor 5 cabléqversheath
2 sgmi-conducting screens 6 teMperature sensor
3 ingulation 7 flexible thermal insulating compound
4 metal sheath * as small as possible

Figure G.2 — Example. gf;an arrangement of the temperature
sensors on the-=conductor of the reference loop

G.2.3 Calibration method

The [calibration should be “Carried out in a draught-free situation at a temperatu
(20 4 15) °C.

Temperature recorders should be used to measure the conductor, oversheath and am
tempratures siqvgitaneously.

The [cablesshould be heated until the conductor temperatures, indicated by temper
sensprg Y0, of Figure G.1, have stabilized and reached the following temperatures: bet

e of

bient

ature
iveen

5 K gndM0 K above the maximum conductor temperature of the cable in normal operatio

N, as

given in Table 1.

When stabilization has been reached, the following should be noted:

— conductor temperature: average value at positions 1, 2 and 3;
— oversheath temperature at position TCg;
— ambient temperature;

— heating current.
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G.3 Heating for the test

G.3.1 Method 1 — Test using a reference cable

In this method, a reference cable identical to the cable used for the test is heated with the
same current value as the main test loop.

The installation of cable and temperature sensors for both loops should be as given in
Clause G.2.

t tsh Id h hthat
The st arrangement shou a-suc 2

— the reference cable carries the same current as the main test loop at any time; \/
— it]is installed in such a way that mutual heating effects are taken into accouw‘%:roug;hout

the test. N
Q

The heating current of both loops should be adjusted such that the condﬂ'{;’) r temperatyre is
kept within the specified limits. (1/’
Q

A temperature sensor (TCg) should be mounted on or under the @%rnal surface of the [main

test Ipop at the hottest spot, usually in the middle of it, in the sa@ ay as temperature s¢nsor

TC,¢|is mounted on the hottest spot of the reference cable. \Q/
X

(TCg)|and on the reference loop (TC4s) are used to check whe the oversheath of both loops has the|same

NOTE|1 The temperature measured with the temperature sensors orsunder the oversheath of the main tegt loop
tempgjrature. Qéz

The temperature measured with temperature se?g;\\or TC,c on the conductor of the refefence
loop may be considered as to be representativ& r the conductor temperature of the energized

test Ipop. ,@

NOTE|2 The temperature of the conductor of? main test loop may be slightly higher than that of the ref¢rence
loop because of dielectric losses. If necessary,% correction should be made.

All tgmperature sensors should connected to a recorder to enable temperature monitering.
The heating current of each ‘e@should also be recorded to prove that the two currents gre of
the $ame value throughou e duration of the test. The difference between the hegating
currents should be kept&’h‘in +1 %.

The feference cab@may be connected in series with the test cable if the temperatyre is
meagured via an@sﬁcal fibre link or equivalent.

G.3.9 I‘%Q)d 2 — Test using conductor temperature calculations and measurement of
Q/@b surface temperature

G.3.2 - i ture

The purpose of the -calibration is to determine the conductor temperature by direct
measurement for a given current, within the temperature range required for the test.

The cable used for calibration should be identical to that to be used for the test, and the way of
heating should be identical.

The installation of cable and temperature sensors for the calibration should be as given in
Clause G.2.

The calibration should be carried out in accordance with G.2.3 for the reference cable.
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G.3.2.2 Test based on measurement of the external temperature

During calibration and during the test of the main loop, the cable conductor temperature of the
main test loop should be calculated in accordance with IEC 60853-2, based on the measured
external temperature of the oversheath (TCg). The measurement should be done with a
temperature sensor at the hottest spot, attached to or under the external surface, in the same
way as for the reference cable.

NOTE As an alternative, IEC 60287-2 (all parts 2) may be used if demonstrated that asymptotic transient
temperature is reached within the specified time

The heating current should be adjusted to obtain the required value of the calculated conductor
tempgrature, based on the measured external temperature of the oversheath. A
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Bibliography
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(Upn =1,2kV) and 3 kV (U, = 3,6 kV)
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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 2: Cables for rated voltages from 6 kV
(Un =7,2 kV) up to 30 kV (U, = 36 kV)

FOREWORD

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

rising

alll national electrotechnical committees (IEC National Committees). The object of IEC is to prpmote

international co-operation on all questions concerning standardization in the electrical @nd electronic fiel
this end and in addition to other activities, IEC publishes International Standards;, Technical Specific
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC\National Committee inte
in |the subject dealt with may participate in this preparatory work. International, governmental and
gojernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordance with conditions determin
agreement between the two organizations.

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

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

Inforder to promote international uniformity, IEC. National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possibledin their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indicd
the latter.

IEC itself does not provide any attestation of 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.

Allf users should ensure that they‘have the latest edition of this publication.

Nq liability shall attach te IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical'\committees and IEC National Committees for any personal injury, property dam
other damage of any nhature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out~of the publication, use of, or reliance upon, this IEC Publication or any othd
Pyblications.

Atiention is/drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable-for the correct application of this publication.

Atiention _is drawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60502-2 has been prepared by IEC technical committee 20: Electric
cables.

This third edition cancels and replaces the second edition, published in 2005, and constitutes a
technical revision.

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

a) a simplified calculation procedure for the thickness of the lead sheath and the oversheath;

b) a new subclause for the determination of the cable conductor temperature;

c) a modified procedure for the routine voltage test;
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new subclause for a routine electrical test on oversheath;

e) modified requirements for the non-metal sheaths including semi-conductive layer;

f) modified tolerances for the bending test cylinder;

g) the inclusion of a 0,1Hz test after installation.

In addition, the modified structure of the IEC 60811 series has been adopted for this third
edition.

The following editorial changes have been made within the English version:

-t

etallic has been replaced by metarl,
nermosetting’ has been replaced by ‘crosslinked’.

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

Full i
votin

This

A list
extru

(Unm

The
stabi
the s

FDIS Report on voting
20/1469A/FDIS 20/1472/RVD

nformation on the voting for the approval of this standard, can’ be found in the repdg
j indicated in the above table.

publication has been drafted in accordance with the/ISO/IEC Directives, Part 2.

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

ity date indicated on the IEC web.&ite under "http://webstore.iec.ch" in the data relat
pecific publication. At this date, the publication will be

confirmed,

ithdrawn,

placed by a revised‘edition, or

mended.

rt on

with
B0 kV

committee has decided that the contents of this publication will remain unchanged unfil 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 2: Cables for rated voltages from 6 kV
(Un =7,2 kV) up to 30 kV (U, = 36 kV)

1 $cope

This

cablg

distri

Whe

is co

bution networks or industrial installations.

h determining applications, it is recommended that the possible risk of radial water in

and an associated test are included in this part of IEC 60502.

Cabl

overhead networks, the mining industry, nuclear power plants (in and around the contain

area

2

The

are i
unda
appli

nor for submarine use or shipboard application.

Normative references

ollowing documents, in whole or in part; are normatively referenced in this documen

fed references, the latest edition ofdhe referenced document (including any amendm
BS.

IEC 60038, /EC standard voltages

IEC 4

IEC 60060-3, High-voltage test techniques — Part 3: Definitions and requirements for o

testing

IEC 60183, Guide'to the selection of high-voltage cables

IEC 4
IEC §

0228~Conductors of insulated cables

0229:2007, Tests on cable oversheaths which have a special protective function an

part of IEC 60502 specifies the construction, dimensions and test requirements of gower
s with extruded solid insulation from 6 kV up to 30 kV for fixed instattations sugh as

jress

nsidered. Cable designs with barriers claimed to prevent longitudinal water penetration

bs for special installation and service conditions are not\included, for example cablgs for

ment

I and

ndispensable for its application. For_dated references, only the edition cited applies. For

ents)

0060-1, High-voltage ‘test techniques — Part 1. General definitions and test requiremgnts

n-site

o are

applied by extrusion

IEC 60230, Impulse tests on cables and their accessories

IEC 60287-3-1, Electric cables — Calculation of the current rating — Part 3: Sections on
operating conditions — Section 1. Reference operating conditions and selection of cable type

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

IEC 60811 (all parts), Electric and optical fibre cables — Test methods for non-metallic

mate

rials
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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 202: General tests — Measurement of thickness of non-metallic sheath

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

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

IEC §0811-402, Electric and optical fibre cables — Test methods for non-metallic materials —
Part #02: Miscellaneous tests — Water absorption tests

IEC 60811-403, Electric and optical fibre cables — Test methods for non-metallicxmaterials —
Part #03: Miscellaneous tests — Ozone resistance test on cross-linked compounds

IEC §0811-404, Electric and optical fibre cables — Test methods for non‘metallic materials —
Part #04: Miscellaneous tests — Mineral oil immersion tests for sheaths

IEC 60811-405, Electric and optical fibre cables — Test methods foryhon-metallic materials —
Part #05: Miscellaneous tests — Thermal stability test for PVC insulations and PVC sheathg

IEC §0811-409, Electric and optical fibre cables — Test methods for non-metallic materials —
Part #09: Miscellaneous tests — Loss of mass test for thermoplastic insulations and sheathks

IEC §0811-501, Electric and optical fibre cables — Jest methods for non-metallic materials —
Part 601: Mechanical tests — Tests for determining.the mechanical properties of insulating and
shealhing compounds

IEC 60811-502, Electric and optical fibre cables — Test methods for non-metallic materigls —
Part p02: Mechanical tests — Shrinkage test for insulations

IEC 60811-503, Electric and optical fibre cables — Test methods for non-metallic materigls —
Part p03: Mechanical tests — Shrinkage test for sheaths

IEC 60811-504, Electric and optical fibre cables — Test methods for non-metallic materigls —
Part b04: Mechanical tests - Bending tests at low temperature for insulation and sheaths

IEC 60811-505, Electricvand optical fibre cables — Test methods for non-metallic materigls —
Part b05: Mechanicaltests — Elongation at low temperature for insulations and sheaths

IEC 60811-506,.Electric and optical fibre cables — Test methods for non-metallic materigls —
Part 06: Megharnical tests — Impact test at low temperature for insulations and sheaths

IEC §0811-507, Electric and optical fibre cables — Test methods for non-metallic materigals —
Part b0%: Mechanical tests — Hot set test for cross-linked materials

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

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

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

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

IEC 60853 (all parts), Calculation of the cyclic and emergency current rating of cables
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IEC 60853-2, Calculation of the cyclic and emergency current rating of cables — Part 2: Cyclic
rating of cables greater than 18/30 (36) kV and emergency ratings for cables of all voltages

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

IEC 60986, Short-circuit temperature limits of electric cables with rated voltages from 6 kV
(Uyp =7,2kV) up to 30 kV (U, = 36 kV)

ISO 48, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness between
10 IRHD and 100 IRHD)

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

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

311
nominal value
valug by which a quantity is designated and which is often used in tables

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

3.1.2
apprpximate value
valug which is neither guaranteed nor checkediit'is used, for example, for the calculatipn of
otherl dimensional values

3.1.3
median value
when several test results have beén obtained and ordered in an increasing (or decredsing)
succession, the median value is\the middle value if the number of available values is odd| and
the mpean of the two middle values if the number is even

3.1.4
fictitjous value
valug calculated according to the "fictitious method" described in Annex A

3.2 Definitions concerning the tests

each

length meets the specified requirements

3.2.2

sample tests

tests 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

3.23

type tests

tests made before supplying, on a general commercial basis, a type of cable covered by this
standard, in order to demonstrate satisfactory performance characteristics to meet the
intended application
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Note 1 to entry: These tests are of such a nature that, after they have been made, they need not be repeated,
unless changes are made in the cable materials or design or manufacturing process which might change the
performance characteristics.

3.24

electrical tests after installation

tests

made to demonstrate the integrity of the cable and its accessories as installed

4 Voltage designations and materials

4.1

Rated voltages

The

NOTE|
used,

ated voltages Up/U(Up,) of the cables considered in this standard are as follows:
Up/U(Up,) = 3,6/6 (7,2) — 6/10 (12) — 8,7/15 (17,5) — 12/20 (24) — 18/30 (36)°kV.

The voltages given above are the correct designations although in some countries)other designatio
e.g. 3,5/6 - 5,8/10 — 11,5/20 — 17,3/30 kV.

In the voltage designation of cables Uy/U(Up,):

Uo

U
Unm

The
cond
syste

It sh
isola
the d

is the rated power frequency voltage between conductorcand earth or metal scree
which the cable is designed;

is the rated power frequency voltage between conductors for which the cable is desig

s are

n for

ned;

is the maximum value of the "highest system veltage" for which the equipment may be

used (see IEC 60038).

rated voltage of the cable for a given application shall be suitable for the oper
tions in the system in which the cable is,used. To facilitate the selection of the ¢
ms are divided into three categories:

btegory A:  this category compris€s those systems in which any phase conductor
comes in contact with earth or an earth conductor is disconnected fror
system within 1 mig,

btegory B:  this category (comprises those systems which, under fault conditions
operated forya short time with one phase earthed. This period, accordi

ating
able,

that
n the

are
ng to

IEC 60183, should not exceed 1 h. For cables covered by this standard, a

longerperiod, not exceeding 8 h on any occasion, can be tolerated. The
duration of earth faults in any year should not exceed 125 h;

btegory C: _ this category comprises all systems which do not fall into category A or B.

buld be.realized that in a system where an earth fault is not automatically and pro
ed, the extra stresses on the insulation of cables during the earth fault reduce the |
ables to a certain degree. If the system is expected to be operated fairly often w

per

total

mptly
fe of
ith a

aneant aarth fault it mav ho advicahla tn alaccifyuy tho cvctam in catannry C
ReAt—CeaTatth gy B e e HSaBre 0 6aSSHYTEe-SYStei1-6ategoery—

The values of Uy recommended for cables to be used in three-phase systems are listed in
Table 1.
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Table 1 — Recommended rated voltages Uy
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Highest system voltage Rated voltage (U,)
(Unm) kV
kV Categories A and B Category C

7,2 3,6 6,0
12,0 6,0 8,7
17,5 8,7 12,0
24,0 12,0 18,0
36,0 18,0 -

4.2 Insulating compounds

The {ypes of insulating compound covered by this standard are listed in Table 2, togethe

their abbreviated designations.

Table 2 — Insulating compounds

Insulating compound

Abbreviated
designation

a) Thermoplastic

b) Crosslinked:
ethylene propylene rubber or similar (EPM orEPDM)
high modulus or hard grade ethylene propylene rubber

cross-linked polyethylene

polyvinyl chloride intended for cables with rated voltages Uy/U = 3,6/6 kV

PVC/B*

EPR
HEPR
XLPE

Uy/U < 1,8/3 kV is designated PVIC/A in IEC 60502-1.

* Insulating compound based on_polyvinyl chloride intended for cables with rated voltages

with

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

this dtandard are given in.Table 3.

Tablle 3 — Maximum)conductor temperatures for different types of insulating compo

und

Maximum conductor temperature

°C

Insulating compound

Normal operation

Short-circuit

(5 s maximum duratfon)

Polyvinyrchioride (PVCTB)
Conductor cross-section <300 mm?2
Conductor cross-section >300 mm?2
Cross-linked polyethylene (XLPE)
Ethylene propylene rubber  (EPR and HEPR)

70
70
90
90

160
140
250
250

The temperatures in Table 3 are based on the intrinsic properties of the insulating materials. It
is important to take into account other factors when using these values for the calculation of

current ratings.

For example, in normal operation, if a cable directly buried in the ground is operated under
continuous load (100 % load factor) at the maximum conductor temperature shown in the table,
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the thermal resistivity of the soil surrounding the cable may, in the course of time, increase
from its original value as a result of drying-out processes. As a consequence, the conductor
temperature may greatly exceed the maximum value. If such operating conditions are foreseen,
adequate provisions shall be made.

For guidance on continuous current ratings, reference should be made to Annex B, including
the ratings under standard laying conditions, in Tables B.2 to B.9, and correction factors for
deviation laying conditions, in Tables B.10 to B.23.

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

4.3 Sheathing compounds

The maximum conductor temperatures for the different types of sheathing compound coyered
by th|s standard are given in Table 4.

Table 4 — Maximum conductor temperatures for differenttypes
of sheathing compound

Maximum condpictor
Sheathing compound Abb_rewa_ted temperature in
designation normal operafion
°C
a) THermoplastic:
polyvinyl chloride (PVC) ST, 80
ST, 90
pdlyethylene ST; 80
ST, 90
b) Elastomeric:
polychloroprene, chlorosulfonated polyethylefe SE; 85
or|similar polymers

5 Conductors

The gonductors shall be either of class 1 or class 2 of plain or metal-coated annealed capper
or of|plain aluminium or aluminium alloy in accordance with IEC 60228. For class 2 conductors
meagures may/be-taken to achieve longitudinal watertightness.

6 nsulation

6.1 Material

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

6.2 Insulation thickness
The nominal insulation thicknesses are specified in Tables 5 to 7.

The thickness of any separator or semi-conducting screen on the conductor or over the
insulation shall not be included in the thickness of the insulation.
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Table 5 — Nominal thickness of PVC/B insulation

Nominal cross-sectional
area of conductor
mm?2

Nominal thickness of insulation at rated voltage
3,6/6 (7,2) kV
mm

10 to 1 600

3,4

NOTE 1 Any smaller conductor cross-section than those given in this table is not recommended. However, if a
smaller cross-section is needed, either the diameter of the conductor may be increased by a conductor screen
(see 7.2), or the insulation thickness may be increased in order to limit, at the values calculated with the smallest
conductor size given in this table, the maximum electrical stresses applied to the insulation under test voltage.

NOTE 2 For conductor cross-sections larger than 1 000 mm?2, the insulation thickness may be increased to avoid

L : Il i : bt ot ol ;
any mEechamcaraamage gt mgrmstaratromana-service:

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

Nbminal cross- Nominal thickness of insulation at rated voltage
spctional area Up/U (Ur)
of C‘:T']‘n‘:gcmf 3,6/6 (7,2) kV 6/10 (12) kV | 8,7/15 (17,5) kV | 12/20)(24) kV 18/30 (36) kV
mm mm mm mm mn|
10 2,5 - - - -
16 2,5 3,4 - - -
25 2,5 3,4 4,5 - -
35 2,5 3,4 4,5 5,5 -
50 to 185 2,5 3,4 4,5 5,5 8,
240 2,6 3,4 4,5 5,5 8,4
300 2,8 3,4 4,5 5,5 8,
400 3,0 3.4 4,5 5,5 8,4
500 to 1 600 3,2 3,4 4,5 5,5 8,4

NOTE|1 Any smaller conductor cross-section’han those given in this table is not recommended. Howevgr, if a
smallgr cross-section is needed, either the _diameter of the conductor may be increased by a conductor [screen
(see 7].2), or the insulation thickness mayxbe increased in order to limit, at the values calculated with the smallest

conduftor size given in this table, the maximum electrical stresses applied to the insulation under test voltage

NOTE|2 For conductor cross-sections larger than 1 000 mm?, the insulation thickness may be increased tp avoid
any mechanical damage during installation and service.

Table 7#~Nominal thickness of ethylene propylene rubber (EPR)
and hard ethylene propylene rubber (HEPR) insulation

Nominal thickness of insulation at rated voltage Uy/U (U,,)
Nomiinal cross~

senional area 3,6/6 (7,2) 6/10 (12) 8,7/15 (17,5) 12/20 (24) 18/30 (36)

of ¢onductor kv kv kv kv kv

||||||2 Ullaulccllcd S\.lccllcd mm mm mm mm

mm mm

10 3,0 2,5 - - - -

16 3,0 2,5 3,4 - - -

25 3,0 2,5 3,4 4,5 - -

35 3,0 2,5 3,4 4,5 5,5 -

50 to 185 3,0 2,5 3,4 4,5 5,5 8,0

240 3,0 2,6 3,4 4,5 5,5 8,0

300 3,0 2,8 3,4 4,5 5,5 8,0

400 3,0 3,0 3,4 4,5 5,5 8,0

500 to 1 600 3,2 3,2 3,4 4,5 5,5 8,0
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NOTE

1 Any smaller conductor cross-section than those given in this table is not recommended. However, if a
smaller cross-section is needed, either the diameter of the conductor may be increased by a conductor screen
(see 7.2), or the insulation thickness may be increased in order to limit, at the values calculated with the smallest
conductor size given in this table, the maximum electrical stresses applied to the insulation under test voltage.

NOTE 2 For conductor cross-sections larger than 1 000 mm?, the insulation thickness may be increased to avoid

any m

echanical damage during installation and service.

7 Screening

7.1

All ca

Scre
cond
follov

a) a

p
b) a
7.2
The

comj
cond

7.3

The
meta

The
eithe

A layer of semi-conducting tape or compound may then be applied over the individual cor

the ¢

The
colle

8 Assembly of three-core cables, inner coverings and fillers

8.1

General

bles shall have a metal layer surrounding the cores, either individually or collectivehy.

ening of individual cores in single or three-core cables, when required, shall>consist
Lictor screen and an insulation screen. These shall be employed in allCcables wit
ving exceptions:

fovided the larger insulation thickness in Table 7 is used;
rated voltage 3,6/6 (7,2) kV cables insulated with PVC shall b&unscreened.

Conductor screen
conductor screen shall be non-metal and shall consist of an extruded semi-condu

ound, which may be applied on top of a semii-conducting tape. The extruded
Licting compound shall be firmly bonded to thetinsulation.

Insulation screen

nsulation screen shall consist of a nan-metal, semi-conducting layer in combination v
| layer.

hon-metal layer shall be extruded directly upon the insulation of each core and cons|
[ a bonded or strippable semi-conducting compound.

pre assembly.

metal layer.shall be applied over either the individual cores or the core assq
Ctively and«shall comply with the requirements of Clause 10.

of a
h the

rated voltage 3,6/6 (7,2) kV cables insulated with EPR and HERPR|may be unscre¢ned,

cting
semi-

vith a

ist of

esS or

mbly

General

The assembly of three-core cables depends on the rated voltage and whether a metal screen is
applied to each core.

Subclauses 8.2 to 8.4 do not apply to assemblies of sheathed single-core cables.

8.2
8.21

The i

Inner coverings and fillers
Construction

nner coverings may be extruded or lapped.
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For cables with circular 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.

8.2.2 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.

8.2.3r1b.i.akn.§&a.(_extudgd_i.n.n.er covering
The @pproximate thickness of extruded inner coverings shall be derived from Table 8.

Table 8 — Thickness of extruded inner covering

Fictitious diameter over laid-up cores Thickness of extruded
- - inner covering
Above Up to and including (approximate'Values)
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
8.2.4 Thickness of lapped inner covering

The ppproximate thickness of lapped inner coverings shall be 0,4 mm for fictitious diamjeters
over Jaid-up cores up to and including 40 mm and 0,6 mm for larger diameters.

8.3 Cables having a collective metal layer (see Clause 9)

Cablg¢s shall have an inner covering over the laid-up cores. The inner covering and fillers|shall
comply with 8.2 andrshall be non-hygroscopic except if the cable is claimed to be longitudjnally
wateftight.

For gables having a semi-conducting screen over each individual core and a collective metal
layer| the-inner covering shall be semi-conducting; the fillers may be semi-conducting.

8.4 LCableshavi ] hindividual

(see Clause 10)

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

Cables with an additional collective metal layer (see Clause 9) of the same material as the
underlying individual metal layers shall have an inner covering over the laid-up cores. The inner
covering and fillers shall comply with 8.2 and shall be non-hygroscopic except if the cable is
claimed to be longitudinally watertight. The inner covering and fillers may be semi-conducting.

When the underlying individual metal layers and the collective metal layer are of different
materials, they shall be separated by an extruded sheath of one of the materials specified
in 14.2. For lead sheathed cables, the separation from the underlying individual metal layers
may be obtained by an inner covering according to 8.2.
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For cables without a collective metal layer (see Clause 9), the inner covering may be omitted
provided the outer shape of the cable remains practically circular.

9 Metal layers for single-core and three-core cables

The following types of metal layers are included in this standard:

metal screen (see Clause 10);
concentric conductor (see Clause 11);

a)

b)

c) m
d) m
The
magt
Measg

10 Metal screen

10.1

The
ora

It ma
with

Whe
poss

Gapg

10.2

The
by n3

10.3

Whe
HEP

etal sheath (enn Clause 17);

etal armour (see Clause 13).

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

Construction

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

y also be a sheath or, in the case of a callective screen, an armour which con
0.2.

n choosing the material of the screen, special consideration shall be given td
bility of corrosion, not only for mechanical safety but also for electrical safety.

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

Requirements

limensional, physical and electrical requirements of the metal screen shall be detern
tional regulations-and/or standards.

Metal screens not associated with semi-conducting layers

e metal screens are employed at rated voltage of 3,6/6 (7,2) kV with PVC, EPR
R insulations, these need not be associated with semi-conducting layers.

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

non-

ures may be taken to achieve longitudinal watertightness in the region, of the metal layers.

ires

plies

the

nhined

and

11 Concentric conductor

1.1

Construction

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

When choosing the material of the concentric conductor, special consideration shall be given to

the p

11.2

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

Requirements

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

When a concentric conductor is required, it shall be applied over the inner covering in the case
of three-core cables; in the case of single-core cables, it shall be applied either directly over
the insulation or over the semi-conducting insulation screen or over a suitable inner covering.

12 Metal sheath

12.1 Lead sheath

The chaath chall cancict of laad ar lagd allayvy
pH St SO HRSTS+—o+—1e8aa—o—eada—<

Hoy
seaniless tube.

an cshall ha annlied 36 2 raacanahlvy tiaht ittin
and-shal-be-applied-as-a—reasonably-tight g

The pominal thickness shall be calculated by the following formula:

top = 0,03 Dy + 0,7

where

~~
kol

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

Og is the fictitious diameter under the lead sheath, in mifllimetres (rounded to thg first
decimal place in accordance with Annex C).

In al] cases, the smallest nominal thickness shall be, 1,2'mm. Calculated values shdll be
roundled to the first decimal place (see Annex C).

12.2| Other metal sheaths

Unddr consideration.

13 Metal armour

13.1| Types of metal armour
The @armour types covered by this standard are as follows:

a) flat wire armour;
b) rgund wire armodr;

c) dpuble tape armour.

13.2| Materials

Rounjdor flat wires shall be of galvanized steel, copper or tinned copper, aluminium or
aluminium aroy.

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

In those cases where the steel armour wire layer is required to comply with a minimum
conductance, 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, special consideration shall be given to the
possibility of corrosion, not only for mechanical safety, but also for electrical safety, especially
when the armour is used as a screen.
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The armour of single-core cables for use on a.c. systems shall consist of non-magnetic
material, unless a special construction is chosen.

13.3 Application of armour
13.3.1 Single-core cables

In the case of single-core cables, an inner covering, extruded or lapped, of the thickness
specified in 8.2.3 or 8.2.4, shall be applied under the armour if there is no screen.

13.3.2 Three-core cables

Wheh an armour is required in the case of three-core cables, it shall be applied on an jinner
covefing complying with 8.2.

13.33 Separation sheath

When the underlying metal layer and the armour are of different materials, they shall be
sepafated by an extruded sheath of one of the materials specified in 14.2.

Whep an armour is required for a lead-sheathed cable, it may bé)applied over a separnation
sheath or a lapped bedding according to 13.3.4.

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

A separation sheath is not required when measures have been taken to achieve longitydinal
wateftightness in the region of the metal layers.

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

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

wherg D, is the fictitious diameter under this sheath, in millimetres, calculated as describjed in
Anngx A.

The yalue resulting fram the formula shall be rounded off to the nearest 0,1 mm (see Anngx C).
For g¢ables withoui*a lead sheath, the nominal thickness shall be not less than 1,2 mm|. For

cablgs wherethe separation sheath is applied directly over the lead sheath, the nominal
thickhess shall’/be not less than 1,0 mm.

13.3.|4 Lapped bedding under armour for lead sheathed cables

The lapped bedding applied to the compound coated lead sheath shall consist of either
impregnated and compounded paper tapes or a combination of two layers of impregnated and
compounded paper tapes followed by one or more layers of compounded fibrous material.

The impregnation of bedding materials may be made with bituminous or other preservative
compounds. In case of wire armour, these compounds shall not be applied directly under the
wires.

Synthetic tapes may be applied instead of impregnated paper tapes.

The total thickness of the lapped bedding between the lead sheath and the armour after
application of the armour shall have an approximate value of 1,5 mm.
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13.4 Dimensions of the armour wires and armour tapes

60502-2 © IEC:2014

The nominal dimensions of the armour wires and armour tapes shall preferably be one of the

following values:

round wires:

0,8-1,25-1,6-2,0-2,5- 3,15 mm diameter;

flat wires:
0,8 mm thickness;
tapes of steel:

0|2 — 0,5 - 0,8 mm thickness;

tapes of aluminium or aluminium alloy:

0|5 - 0,8 mm thickness.

13.5| Correlation between cable diameters and armour dimensions

The pominal diameters of round armour wires and the nominal thickne’sses of the armour t

shall|be not less than the values given in Tables 9 and 10 respectively)

Table 9 — Nominal diameter of round afmour wires

Fictitious diameter under the armour Nominal diameter
Above Up to and including of armn?rl;r wire
mm mm
- 10 0,8
10 15 1,25
15 25 1.6
% 35 2,0
35 60 25
60 - 3,15

Table 10 — Nominal thickness of armour tapes

apes

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

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

13.6 Round or flat wire armour

The wire armour shall be closed, i.e. with a minimum gap between adjacent wires. An open
helix consisting of galvanized steel tape with a nominal thickness of at least 0,3 mm may be
provided over flat steel wire armour and over round steel wire armour, if necessary. Tolerances
on this steel tape shall comply with 17.7.3.
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13.7 Double tape armour

When a tape armour and an inner covering as specified in 8.2 are used, the inner covering
shall be reinforced by a taped bedding. The total thickness of the inner covering and the
additional taped bedding shall be as given in 8.2 plus 0,5 mm if the armour tape thickness
is 0,2 mm, and plus 0,8 mm if the armour tape thickness is more than 0,2 mm.

The total thickness of the inner covering and the additional taped bedding shall be not less
than these values by more than 0,2 mm with a tolerance of +20 %.

If a separation sheath is required or if the inner covering is extruded and satisfies the
requirements of 13.3.3, the additional taped bedding is not required.

The {ape 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 eachntape shall not
excegd 50 % of the width of the tape.

14 OQOversheath

14.1| General

All cgbles shall have an oversheath.

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

NOTE| A UV stability test is under consideration.

14.2| Material

The [oversheath shall consist of a_‘thermoplastic compound (PVC or polyethylene) qr an
elastpmeric compound (polychloroprene, chlorosulfonated polyethylene or similar polymers).
The pversheathing material §hall be suitable for the operating temperature in accordancg with
Tablg 4.

Chemical additives /may be necessary in the oversheath for special purposes, for exanple

termite protection, ;but they should not include materials harmful to mankind an
envirpnment.

NOTE| Examptes of materials’) considered to be undesirable include:

Aldring 1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4,5,8-dimethanonaphthalene

d/or

Dieldrin:1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4,5,8-dimethanonaphthalene

Lindane: Gamma Isomer of 1,2,3,4,5,6-hexachloro-cyclohexane.

14.3 Thickness

Unless otherwise specified the nominal thickness {5 expressed in millimetres shall be
calculated by the following formula:

1)

ts=0,035D+ 1,0

Source: Dangerous properties of industrial materials, N.l. Sax, fifth edition, Van Nostrand Reinhold, ISBN 0-442-27373-8.
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where D is the fictitious diameter immediately under the oversheath, in millimetres (see
Annex A).

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

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.

15 Test conditions

15.1| Ambient temperature

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

15.2| Frequency and waveform of power frequency test voltages

The ffrequency of the alternating test voltages shall be in the range)49 Hz to 61 Hz| The
waveform shall be substantially sinusoidal. The values quoted are r.m:s- values.

15.3| Waveform of impulse test voltages

In agcordance with IEC 60230, the impulse wave shall have a virtual front time between| 1 us
and % us and a nominal time to half the peak value betwgen 40 us and 60 ps. In other respects,
it shgll be in accordance with IEC 60060-1.

15.4| Determination of the cable conductor temperature
It is )ecommended that one of the test metheds described in Annex G is used to determinge the

actugl temperature.

16 Routine tests

16.1| General
Routine tests are normally carried out on each manufactured length of cable (see 3.2.1)] The

number of lengths to-be’/tested may however be reduced or an alternative test method adopted,
accofding to agreed quality control procedures.

The foutine tésts required by this standard are as follows:

a) mjeasurement of the electrical resistance of conductors (see 16.2);

b) phartial dicr‘hargp test (qpp 16 ’%) aon cables ha\/ing cores with conductor screensl and
insulation screens in accordance with 7.2 and 7.3;

c) voltage test (see 16.4).

d) electrical test on oversheath, if required (see 16.5).

16.2 Electrical resistance of conductors

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

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

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

The d.c. 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.

16.3 —Partial discharge test

The partial discharge test shall be carried out in accordance with IEC 60885-3, except that the
sensitivity as defined in IEC 60885-3 shall be 10 pC or better.

For three-core cables, the test shall be carried out on all insulated cores, the’ voltage being
applied between each conductor and the screen.

The {est voltage shall be raised gradually to and held at 2 Uy for 10 _s-and then slowly redquced
to 1,73 Up.

There shall be no detectable discharge exceeding the declaréd sensitivity from the test gbject
at 1,73 Up.

NOTE| Any partial discharge from the test object may be harmful!

16.4| Voltage test
16.4/1 General

The poltage test shall be made at ambient temperature, using alternating voltage at gower
frequency.

16.4.2 Test procedure for.single-core cables

For gingle-core cables, the test voltage shall be applied for 5 min between the conductof and
the metal screen.

16.43 Test procedure for three-core cables

For three-coreCables with individually screened cores, the test voltage shall be applied for
5 min between/each conductor and the metal layer.

For three<core cables without individually screened cores, the test voltage shall be applidd for
5 min_in_succession between each insulated conductor and all_the other conductors and
collective metal layers.

Three-core cables may be tested in a single operation by using a three-phase transformer.

16.4.4 Test voltage

The power frequency test voltage shall be 3,5 Up. Values of the single-phase test voltage for
the standard rated voltages are given in Table 11.
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Table 11 — Routine test voltages

Rated voltage U, kV 3,6 6 8,7 12 18

Test voltage kV 12,5 21 30,5 42 63

2014

If, for three-core cables, the voltage test is carried out with a three-phase transformer, the test
voltage between the phases shall be 1,73 times the values given in this table.

In all

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

16.4.

No b

16.5

If ag
spec

Cabl
d.c.

17.2,

|5 Requirement

eakdown of the insulation shall occur.

Electrical test on oversheath of the cable

reed between customer and supplier the cable shall be subjected*to the electrica
fied in 3.2 of IEC 60229:2007.

bs having an extruded semi-conductive layer on the overgheath shall be excluded an
oltage test specified in 3.1 of IEC 60229:2007 may be applied.

Bample tests

General

sample tests required by this standard are'as follows:

bnductor examination (see 17.4);

neck of dimensions (see 17.5 to17.8);

pltage test for cables of rated-voltage above 3,6/6 (7,2) kV (see 17.9);

pt set test for EPR, HERRand XLPE insulations and elastomeric sheaths (see 17.10)

Frequency of sample tests

1 Conductor examination and check of dimensions

Conductor examination, measurement of the thickness of insulation and sheath

meas

serie
than

5 ofi.thé same type and nominal cross-section of cable, but shall be limited to not

17.2.

10% of the number of lengths in any contract.

test

d the

and

urement of the overall diameter shall be made on one length from each manufacturing

more

2 Electrical and physical tests

Electrical and physical tests shall be carried out on samples taken from manufactured cables
according to agreed quality control procedures. In the absence of such an agreement, for
contracts where the total length exceeds 2 km for three-core cables, or 4 km for single-core
cables, tests shall be made on the basis of Table 12.
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Table 12 — Number of samples for sample tests

Cable length
Multicore cables Single-core cables Number of
samples
Above Up to and including Above Up to and including
km km km km
2 10 4 20 1
10 20 20 40 2
20 30 40 60 3
etc. etc. etc!

17.3
If any
same
addit

be rq
samj

17.4

Com
inspg

17.5

17.5.

The {est method shall be in accordance with IEC 60811-201 and IEC 60811-202.

Each
end 4

17.5.

For g
value

Repetition of tests

sample fails in any of the tests in Clause 17, two further samples shall®e-taken fror
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 standard. Ilf-either of the addi
les fails, the batch from which they were taken shall be regarded)as failing to comply

Conductor examination

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

Measurement of thickness of insulation-and of non-metal sheaths

1 General

fter having discarded, if.neeessary, any portion which may have suffered damage.

2 Requirements for the insulation

by more than\0,1 mm, i.e.:

toin 20,9 t, — 0,1

ach piece of care, the smallest value measured shall not fall below 90 % of the nomiral

n the
both
shall
ional

bd by

(including extruded separation sheaths; but excluding inner extruded coverings)

cable length selected for thé-test shall be represented by a piece of cable taken fronp one

min =

and additionally:

(tmax - tmin)/ tmax <0,15
where
tmax is the maximum thickness, in millimetres;
tmin is the minimum thickness, in millimetres;
th is the nominal thickness, in millimetres.
NOTE . andt_, are measured at the same cross-section.
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17.5.3 Requirements for the non-metal sheaths

If an extruded semi-conductive outer layer is used and it is fully bonded to the non-metal
sheath, a thickness up to 0,3 mm of the semi-conductive layer can be accepted as a part of the
sheath thickness. The sheath including the semi-conductive outer layer shall fulfil the same
mechanical requirements as required for the sheath compound type specified, no matter how
the dumbbell has been prepared.

The minimum thickness of the non-metal sheath shall not fall below 80 % of the nominal value
by more than 0,2 mm, i.e.

foin > 0,80, — 0,2

17.6| Measurement of thickness of lead sheath
17.6./1 General

The [minimum thickness of the lead sheath shall be determined by.-on€ of the follgwing
methpds, at the discretion of the manufacturer, and shall not fall below95 % of the nominal
thickpess by more than 0,1 mm i.e.:

tmin > 0,95 tn - 0,1

NOTE| Methods of measuring thickness of other types of metal sheath @re under consideration.

17.6.2 Strip method

The [measurement shall be made with a micfometer with plane faces of 4 mm to § mm
diampter and an accuracy of £0,01 mm.

The measurement shall be made on actest piece 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 flatiened
piecq to ensure that the minimum thickness is measured.

17.6.3 Ring method

The fneasurements(shall be made with a micrometer having either one flat nose and ong 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 df the
microameter shall be £0,01 mm.

The méasurements shall be made on a ring of the sheath carefully cut from the sample| The
thiCk LAvReRe) cha” bc dCtUIIII;IIUd Clt [=} Ouff;b;cllt IIUIIIbCI Uf pu;llto (:ll\}\.dll(,l‘I thU U;IUUIIIfUIUIIUU fthe

ring to ensure that the minimum thickness is measured.

17.7 Measurement of armour wires and tapes
17.7.1 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.
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17.7.2 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
shall be measured at the centre of the width. For wider tapes the measurements shall be made

20 m

17.7.

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

3 Requirements

The dimensions of armour wires and tapes shall not fall below the nominal values given in 13.5
by more than:

17.8

If the
be c4

17.9
This

17.9.

The
termi

17.9.

A po
cond

17.9.

The
giver

% 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 in accordance with IEC 60811-203.
Voltage test for 4 h
fest is applicable only to cables of rated voltage above'3,6/6 (7,2) kV.
1 Sampling
sample shall be a piece of completed cable at least 5 m in length between the

hations.

2 Procedure

wer frequency voltage shallsbe applied for 4 h at ambient temperature between
Lictor and the metal layer(s):

3 Test voltages

est voltage shall’be 4 Ug. Values of the test voltage for the standard rated voltage
in Table 13.

Table 13 — Sample test voltages

Rated voltage U, kV 6 8,7 12 18

shall

test

each

5 are

Test voltage kV 24 35 48 72

The test voltage shall be increased gradually to the specified value and maintained for 4 h.

17.9.

4 Requirements

No breakdown of the insulation shall occur.

17.10 Hot set test for EPR, HEPR and XLPE insulations and elastomeric sheaths

17.10.1 Procedure

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

empl

oying the conditions given in Tables 19 and 23.
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17.10.2 Requirements

The test results shall comply with the requirements given in Table 19, for EPR, HEPR and
XLPE insulations and in Table 23 for SE4 sheaths.

18 Type tests, electrical

18.1 General

When type tests have been successfully performed on a type of cable covered by this standard

b) the conductor cross-sectional area is not larger than that of the tested cable, with the

exception that all cross-sectional areas up to and including 630 mm? are approved when
the cross- sectlonal area of the previously tested cable is in the’ range of 95 mm? to

c) the rated voltage is not higher than that of the tested cable.

Apprpval shall be independent of the conductor material.

18.2| Cables having conductor screens and insulation screens
18.2./1 General

A sample of completed cable 10 m to 15 min length shall be subjected to the tests listed
in 18|2.2.

With[the exception of the provisions~of 18.2.3 all the tests listed in 18.2.2 shall be applied
successively to the same sample.

In thilee-core cables, each test'or measurement shall be carried out on all cores.

Meagurement of resistivity of semi-conducting screens described in 18.2.10 shall be made|lon a
sepafate sample.

18.2.2 Sequence of tests

The pormat-sequence of tests shall be as follows:

O

a)
b) tan 8 measurement (see 18.2.3 and 18.2.6);
c) heating cycle test, followed by a partial discharge test (see 18.2.7);

bRding test, followed by a partial discharge test (see 18.2.4 and 18.2.5);

d) impulse test, followed by a voltage test (see 18.2.8);
e) voltage test for 4 h (see 18.2.9).

18.2.3 Special provisions

Measurement of tan 6 may be carried out on a different sample from the sample used for the
normal sequence of tests listed in 18.2.2.

Measurement of tan § is not required on cables with rated voltage below 6/10 (12) kV.
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A new sample may be taken for test e), provided this test sample is submitted previously to

tests

a) and c) listed in 18.2.2.

18.2.4 Bending test

The sample shall be bent around a test cylinder (for example, the hub of a drum) at ambient
temperature for at least one complete turn. It shall then be unwound and the process repeated,
except that the bending of the sample shall be in the reverse direction without axial rotation.

This cycle of operation shall be carried out three times.

The diameter of the test cylinder shall not be greater than

o fd

e fd

If the

wher

Onc
comy

18.2.

The
being

The {

r cables with a lead sheath or with an overlapped metal foil longitudinally applied:
P5 (d + D) + 5 % for single-core cables;

P0 (d + D) + 5 % for three-core cables;

r other cables:

P0 (d + D) + 5 % for single-core cables;

15 (d + D) + 5 % for three-core cables.

here
is the actual external diameter of the cable sample, in millimetres, measured acco
to 17.8;
is the actual diameter of the conductor, in millimetres.
conductor is not circular:
d=113S
b S is the nominal cross-section, in square millimetres.

pmpletion of this test, the sample shall be subjected to a partial discharge test and
ly with the requirements given in 18.2.5.

5 Partial discharge test

bartial diseharge test shall be carried out in accordance with IEC 60885-3, the sens
5 pC or.better.

est voltage shall be raised gradually to and held at 2 Uy for 10 s and then slowly red

rding

shall

tivity

uced

to 1,7

3Ug-

There shall be no detectable discharge exceeding the declared sensitivity from the test object
at 1,73 Up.

NOTE

18.2.

Any partial discharge from the test object may be harmful.

6 Tan 8§ measurement for cables of rated voltage 6/10 (12) kV and above

The sample of completed cable shall be heated by one of the following methods: the sample
shall be placed either in a tank of liquid or in an oven, or a heating current shall be passed

throu

gh either the metal screen or the conductor or both.
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The sample shall be heated until the conductor reaches a temperature which shall be 5 K to
10 K above the maximum conductor temperature in normal operation.

In each method, the temperature of the conductor shall be determined either by measuring the
conductor resistance or by a suitable temperature measuring device in the bath or oven or on
the surface of the screen or on an identically heated reference cable.

The tan & shall be measured with an alternating voltage of at least 2 kV at the temperature
specified above.

The measured-values-shallnotbe highnr than those gi\/nn inTabhle 15

18.2.7 Heating cycle test
The gample, which has been subjected to the previous tests, shall be laid out'on the flgor of
the test room and heated by passing a current through the conductor, until’the conductor

reaches a steady temperature 5 K to 10 K above the maximum conductor temperatufre in
normjal operation.

For three-core cables, the heating current shall be passed through @ll-conductors.

The |heating cycle shall be of at least 8 h duration. Thesgonductor temperature shdll be
maintained within the stated temperature limits for at least.2 h of each heating period.| This
shall|be followed by at least 3 h of natural cooling in air4o a’conductor temperature within|10 K
of ambient temperature.

This pycle shall be carried out 20 times.

After[the last cycle, the sample shall be subjected to a partial discharge test and shall cgmply
with fhe requirements given in 18.2.5.

18.2.8 Impulse test followed by a voltage test

This ftest shall be performed on(the sample at a conductor temperature 5 K to 10 K abovg the
maxifmum conductor temperatuyre in normal operation.

The |mpulse voltage shall be applied according to the procedure given in IEC 60230 and|shall
have|a peak value as given in Table 14.

Table 14 — Impulse voltages

Rated| voltage. Uy/U (U,,) kv | 3.6/6(7,2) | 6/10(12) | 87/15(17,5) 12/20 (24) | 18/3p (36)

Test Joltage (peak) kV 60 75 95 125 170

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

After the impulse test, each core of the cable sample shall be subjected, at ambient
temperature, to a power frequency voltage test for 15 min. The test voltage shall be as
specified in Table 11. No breakdown of the insulation shall occur.

18.2.9 Voltage test for 4 h

This test shall be made at ambient temperature. A power frequency voltage shall be applied
for 4 h to the sample between conductor(s) and screen(s).



https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © IEC:2014 -35-

The test voltage shall be 4 Ug. The voltage shall be increased gradually to the specified value.
No breakdown of the insulation shall occur.

18.2.

18.2.

10 Resistivity of semi-conducting screens

10.1 General

The resistivity of the extruded semi-conducting screens applied over the conductor and over
the insulation shall be determined by measurements on test pieces taken from the core of a
sample of cable as made and a sample of cable, which has been subjected to the ageing
treatment to test the compatibility of component materials specified in 19.7.

18.2.

10.2 Procedure

The fest procedure shall be in accordance with Annex D.

The
temp

18.2.

The 1

18.3
18.3.

Each
folloy

a) i
b) in

q

b

—~

c) v

The
cablg

18.3.

18.3.

measurements shall be made at a temperature within £+2 K of the maximum cond
erature in normal operation.

10.3 Requirements
esistivity, both before and after ageing, shall not exceed the following:

bnductor screen: 1000 Q x m,

sulation screen: 500 Q x m.

Cables of rated voltage 3,6/6 (7,2) kV having unscreened insulation
1 General

core of a sample of completed cable 10 m to 15 m in length shall be subjected t
ving tests, applied successively:

sulation resistance measurement at ambient temperature (see 18.3.2);

sulation resistance measurement at maximum conductor temperature in normal oper
ee 18.3.3);

bltage test for 4 h (see 18.3.4).

cables shall also be subjected to an impulse test on a separate sample of comp
, 10 m to 15.min length (see 18.3.5).

2 Insulation resistance measurement at ambient temperature

2.1 Procedure

uctor

b the

ation

leted

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

temp

erature for at least 1 h before the test.

The d.c. test voltage shall be 80 V to 500 V and shall be applied for a sufficient time to reach
reasonably steady measurement, but 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.
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18.3.2.2 Calculations

The volume resistivity shall be calculated from the measured insulation resistance by the
following formula:

_2xmxIxR
pP= In—Q
d
where
p is the volume resistivity, in ohms x centimetres;
R is-the—measured-inrsulationresistanrce—thr-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 megohms x kilometres may alsp be
calcylated, using the formula:

I x R x 10-11
K o= =X 7 = 4011 x 0,367 Op

|
Ig%

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

18.3.2.3 Requirements

The [values calculated from the measuremenis shall be not less than those specifi¢gd in
Tablg 15.

18.3.8 Insulation resistance measurement at maximum conductor temperature
18.3.3.1 Procedure

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

The ¢.c. test voltage-shall be 80 V to 500 V and shall be applied for a sufficient time to feach
reasg@nably steady.measurement, but for not less than 1 min and not more than 5 min.

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

18.3.3.2 Calculations

The volume resistivity and/or the insulation resistance constant shall be calculated from the
insulation resistance by the formulae given in 18.3.2.2.

18.3.3.3 Requirements

The values calculated from the measurements shall be not less than those specified in
Table 15.

18.3.4 Voltage test for 4 h
18.3.4.1 Procedure

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


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © IEC:2014 - 37 -

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

18.3.4.2 Requirements

No breakdown of the insulation shall occur.

18.3.5 Impulse test

18.3.5.1 Procedure

This
maxi

The

mum conductor temperature in normal operation.

mpulse voltage shall be applied according to the procedure given in IEC 60280 and

have|a peak value of 60 kV.

Each

otherl conductors connected together and to earth.

(est shall be performed on the sample at a conductor temperature 5 K 10 1TU K abeve the

shall

series of impulses shall be applied in turn between each phasecconductor and ajll the

18.3.5.2 Requirements

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

19 Type tests, non-electrical

19.1

General

The mon-electrical type tests required by this standard are given in Table 16.

19.2

Measurement of thicknessof insulation

19.211 Sampling

One

19.2.

sample shall be taken+from each insulated cable core.

2 Procedure

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

19.2,

See

19.3

19.3.

3 Requirements

7.572.

Measurement of thickness of non-metal sheaths (including extruded separation

sheaths, but excluding inner coverings)

1 Sampling

One sample of cable shall be taken.

19.3.

2 Procedure

The measurements shall be made as described in IEC 60811-202.
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19.3.3 Requirements
See 17.5.3.

19.4 Measurement of thickness of lead sheath
19.4.1 Sampling

One sample of cable shall be taken.

19.4.2 Procedure

The rlneasurements shall be made as described in 17.6.2 or 17.6.3.

1948 Requirements

See |7.6.1.

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

19.5.1 Sampling

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

19.5.p Ageing treatments

The ageing treatments shall be carried out as described in IEC 60811-401 under the condjtions
speclfied in Table 17.

19.53 Conditioning and mechanical tests

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

19.5.4 Requirements

The test results for unaged and aged test pieces shall comply with the requirements given in
Tablg 17.

19.6| Testsfor determining the mechanical properties of non-metal sheaths
before and after ageing

19.6.(1 Sampling

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

19.6.2 Ageing treatments

The ageing treatments shall be carried out as described in IEC 60811-401, under the
conditions specified in Table 20.

19.6.3 Conditioning and mechanical tests

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

The test results for unaged and aged test pieces shall comply with the requirements given in
Table 20.

19.7

19.7.

Additional ageing test on pieces of completed cables

1 General

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

The Ilest is applicable to cables of all types.

19.7.

Sam

19.7.

2 Sampling

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

3 Ageing treatment

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

— tg@mperature: (10 + 2) K above the maximum conductor-ftemperature of the cable in n¢

(o]

19.7

Test

beration (see Table 17);
Liration: 7 x 24 h.

A4 Mechanical tests

pieces of insulation and oversheath from the aged pieces of cable shall be prepareq

subjgcted to mechanical tests as described"in IEC 60811-401.

19.7.

The

5 Requirements

variations between the _meédian values of tensile strength and elongation-at-break

ageing and the corresponding values obtained without ageing (see 19.5 and 19.¢

appli
in Ta

19.8
19.8.

The

19.8.

cable, shall not exceed-the values applying to the test after ageing in an air oven spe
ble 17 for insulatiens*and Table 20 for non-metal sheaths.

Loss of mass test on PVC sheaths of type ST»
1 Procedure

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

ed in

rmal

and

after
5), if
cified

2 Requirements

The test results shall comply with the requirements given in Table 21.

19.9

19.9.

Pressure test at high temperature on insulations and non-metal sheaths

1 Procedure

The pressure test at high temperature shall be carried out in accordance with IEC 60811-508,

empl

19.9.

oying the test conditions given in the test method and in Tables 18, 21 and 22.

2 Requirements

The test results shall comply with the requirements given IEC 60811-508.
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19.10 Test on PVC insulation and sheaths at low temperatures
19.10.1 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 Tables 18 and 21.

19.10.2 Requirements

The results of the test shall comply with the requirements given in IEC 60811-504, IEC 60811-
505 and IEC 60811-506.

19.11 Test for resistance of PVC insulation and sheaths to cracking (heat shock tesf)
19.11.1 Procedure

The [sampling and test procedure shall be in accordance with IEC 60811509, the| test
tempgrature and duration being in accordance with Tables 18 and 21.

19.11.2 Requirements

The fesults of the tests shall comply with the requirements givenrin TEC 60811-509.

19.12 Ozone resistance test for EPR and HEPR insulations
19.12.1 Procedure

The gampling 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 19.

19.12.2 Requirements

The fesults of the test shall comply with'the requirements given in IEC 60811-403.

19.13 Hot set test for EPR, HEPR and XLPE insulations and elastomeric sheaths

The jsampling and test proeedure shall be carried out in accordance with 17.10 and [shall
comply with its requirements.

19.14 Oil immersion test for elastomeric sheaths
19.14.1 Procedure

The [sampling and test procedure shall be carried out in accordance with IEC 60811-404
emplpyihg-the conditions given in Table 23.

19.14.2 Requirements

The results of the test shall comply with the requirements given in Table 23.

19.15 Water absorption test on insulation
19.15.1 Procedure

The sampling and test procedure shall be carried out in accordance with IEC 60811-402
employing the conditions specified in Tables 18 or 19 respectively.

19.15.2 Requirements

The results of the test shall comply with the requirements specified in Tables 18 or 19.
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19.16 Flame spread test on single cables

This test is only applicable to cables having sheaths of ST4, ST, or SE41 compound and shall be
carried out on such cables only when specially required.

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

19.17 Measurement of carbon black content of black PE oversheaths

19.17.1 Procedure

The $§ampling and test procedure shall be carried out in accordance with IEC 608 1 1-605.

19.17.2 Requirements

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

19.11 Shrinkage test for XLPE insulation
19.18.1 Procedure

The $ampling and test procedure shall be carried out in accordance with IEC 60811-502 ynder
the cpnditions specified in Table 19.

19.18.2 Requirements

The fesults of the test shall comply with the requireménts of Table 19.

19.11 Thermal stability test for PVC insulation
19.19.1 Procedure

The $ampling and test procedure shathbe carried out in accordance with IEC 60811-405 ynder
the cpnditions specified in Table 18,

19.19.2 Requirements

The fesults of the test shall comply with the requirements of Table 18.

19.20 Determination of hardness of HEPR insulation
19.20.1 Procedure

The $ampling and test procedure shall be carried out in accordance with Annex E.

19.2072 Requirements

The results of the test shall comply with the requirements of Table 19.

19.21 Determination of the elastic modulus of HEPR insulation
19.21.1 Procedure

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

The loads required for 150 % elongation shall be measured. The corresponding stresses shall
be calculated by dividing the loads measured by the cross-sectional areas of the unstretched
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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.

19.21.2 Requirements

The results of the test shall comply with the requirements of Table 19.

19.22 Shrinkage test for PE oversheaths

19.27

The
the ¢

19.23

The

19.23
19.23

This
insul

19.23

The
sepa
spac

Core
being

Two
longi
apart

After
paral
vertig
the o

.1 Procedure

sampling and test procedure shall be carried out in accordance with IEC 60811503
bnditions specified in Table 22.

.2 Requirements

esults of the test shall comply with the requirements of Table 22.

Strippability test for insulation screen
.1 General

test shall be carried out when the manufacturer claims that the extruded semicond(
htion screen is strippable.

.2 Procedure

est shall be performed three times onsboth unaged and aged samples, using either
rate pieces of cable or one piece oficable at three positions around the circumfers
bd at approximately 120°.

lengths of at least 250 mm shall be taken from the cable to be tested, before and
aged according to 19.7.3.

nder

cting

three
bnce,

after

cuts shall be made,.in the extruded semiconducting insulation screen of each sample,

udinally from end-to' end and radially down to the insulation, the cuts being (10 + 1
and parallel toeach other.

removing /approximately 50 mm length of the 10 mm strip by pulling it in a dire

ally in\a tensile machine with one end of the core held in one grip and the 10 mm s
ther.

el to the core (i.e. a stripping angle of approximately 180°), the core shall be moxnted

mm

ction

ip in

The force to separate the 10 mm strip from the insulation, removing a length of at least
100 mm, shall be measured at a stripping angle of approximately 180° using a pulling speed of

(250

+ 50) mm/min.

The test shall be carried out at a temperature of (20 £ 5) °C.

For unaged and aged samples, the stripping force values shall be continuously recorded.

19.23.3 Requirements

The force required to remove the extruded semiconducting screen from the insulation shall be
not less than 4 N and not more than 45 N, before and after ageing.
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The insulation surface shall not be damaged and no trace of the semiconducting screen shall
remain on the insulation.

19.24 Water penetration test

The water penetration test shall be applied to those designs of cable where the manufacturer
claims that barriers to longitudinal water penetration have been included. The test is designed
to meet the requirements for buried cables and is not intended to apply to cables which are
constructed for use as submarine cables.

The test is applicable to the following cable designs:

a) a|barrier is included which prevents longitudinal water penetration in the region of the llnetal
Igyers;

b) al|barrier is included which prevents longitudinal water penetration along the conductor.

The apparatus, sampling and test procedure shall be in accordance with Annex/F.

20 Electrical tests after installation

20.1 General

Testg after installation are carried out when the installation ,of. the cable and its accessorie$ has
been|completed.

A d.¢. oversheath test according to 20.2 is recomimended and, if required, a test o the
insulation according to 20.3. For installations where only the oversheath test according to[20.2
is carried out, quality assurance procedures ‘during installation of accessories may, by
agreg¢ment between the purchaser and the contractor, replace the insulation test.

20.2| DC voltage test of the oversheath

The |voltage level and duration specified in Clause 5 of IEC 60229:2007 shall be applied
between each metal sheath or.metal screen and the ground.

For the test to be effectiye).it is necessary that the ground makes good contact with all gf the
outell surface of the owersheath. A conductive layer on the oversheath can assist in this
respect.

20.3| Insulation test

20.3/ AC testing

By agreement between the purchaser and the contractor, an a.c. voltage test in accordance
with [EC60060-3 and in accordance with item aJ, b) or ¢) as below may be Used:

a) test for 15 min with the phase-to-phase voltage U, at a frequency between 20 Hz to 300 Hz
shall be applied between the conductor and the metal screen/sheath;

b) test for 24 h with the normal rated voltage U of the system;
c) test for 15 min with the RMS rated voltage value of 3 U, at a frequency of 0,1 Hz applied
between the conductor and the metal screen/sheath.

NOTE 1 During the a.c. test, tan 5 and/or partial discharge may be monitored.

NOTE 2 For installations which have been in use, lower voltages and/or shorter durations may be used. Values
should be negotiated, taking into account the age, environment, history of breakdowns and the purpose of carrying
out the test.
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As an alternative to the a.c. test, a d.c. test voltage equal to 4 U, may be applied for 15 min.

A d.c. test may endanger the insulation system under test. Where possible an a.c. test as
described above should be used.

NOTE For installations which have been in use, lower voltages and/or shorter durations may be used. Values
should be negotiated, taking into account the age, environment, history of breakdowns and the purpose of carrying
out the test.

Table 15 — Electrical type test requirements for insulating compounds
Designati(osr;:z;c;mpounds PVC/B |-||E||E)PR|I§ NLPE
Maximum conductor temperature in normal operation (see 4.2) °C 70 90 90
Volumk resistivity p *
—at 20 °C (see 18.3.2) Q x cm 1044 - -
— at mpximum conductor temperature in normal operation (see 18.3.3) Q xcm 10M1 1012 -
Insulafion resistance constant K; *
—at 20 °C (see 18.3.2) MEQA km 367 - -
— at mpximum conductor temperature in normal operation (see 18.3.3) MQ x km 0,37 3,67 -
Tan J|(see 18.2.6)
— tan § at maximum conductor temperature in normal operation x 104 - 400 40
plus 5|K up to 10 K, maximum
* Fof unscreened cables according to items a) and b) offClause 7, rated voltage 3,6/6 (7,2) kV for PVC, EHRR and
HEHPR insulation.
Table 16.5-"Non-electrical type tests
(see Tables 17 to 23)
Insulations Sheaths
Desigrjation of compounds (see 472 and 4.3) PVC/B | EPR | HEPR | XLPE PVC PE
ST, | ST, | ST; | ST;|| SE,4
Dimengions
Measufements of thicknesses X X X X X X X
Mechahical propertiés
(tensilg strength'and elongation at break)
Without ageing X X X X X X X
After ageing’in air oven X X X X X X X
After ageing of pieces of complete cable X X X X X X X
After immersion in hot oil - - - - - - X
Thermoplastic properties
Hot pressure test (indentation) X - - X X - -
Behaviour at low temperature X - - X X - -
Miscellaneous
Loss of mass in air oven - - - - X - -
Heat shock test (cracking) X - - X X - -
Ozone resistance test - X - - - - -
Hot set test - X X - - - X
Flame spread test on single cables (if required) - - - X X - X
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Insulations Sheaths

Designation of compounds (see 4.2 and 4.3) PVC/B | EPR | HEPR | XLPE PVC PE

ST, | ST, | ST, | ST; | SE,

Water absorption X X X X - - - - -
Thermal stability X - - - - - - - -
Shrinkage test - - - X - - X X -
Carbon black content * - - - - - - X X —
Determination of hardness - - X - - - - - -
Determirationof-etastiemodttus % -

Strippability test **

Water penetration test ***

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

* For black oversheaths only.
** To be applied to those designs of cable where the manufacturer claims that the insulation screen is strippable.

***  To be applied to those designs of cable where the manufacturer claims that-barriers to longitudina] water
penetration have been included.

Table 17 — Test requirements for mechanical characteristics of insulating compounds
(before and after,ageing)

Desigrjation of compounds (see 4.2) PVC/B EPR HEPR | (XLPE

Maximum conductor temperature in normal operation. (see 4.2) °C 70 90 90 90

Withouf ageing (IEC 60811-501)
Tensilg strength, minimum N/mm?2 12,5 4,2 8,5 12,5
Elongafion-at-break, minimum % 125 200 200 200
After ageing in air oven (IEC 60811-401)

After ageing without conductor

Treatmient:

— tempgrature °C 100 135 135 135
— tolerdgnce K +2 +3 +3 +3
— durafjon h 168 168 168 168

Tensild strength:

a) valup after ageing, minimum N/mm?2 12,5 - - -
b) varigtion*s“maximum Y% +25 +30 +30 +25
Elongafiontat-break:

a) valub-afterageirg—minimuam Yo 126 -
b) variation*, maximum % +25 +30 +30 +25

* Variation: difference between the median value obtained after ageing and the median value obtained without
ageing expressed as a percentage of the latter.
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Table 18 — Test requirements for particular characteristics
for PVC insulating compound

Designation of compound (see 4.2 and 4.3) PVC/B

Use of the PVC compound Insulation

Pressure test at high temperature (IEC 60811-508)

Temperature (tolerance +2 K) °C 80
Behaviour at low temperature * (IEC 60811-504, IEC 60811-505 and IEC 60811-506)

Test to be carried out without previous ageing:

— cold pending test for diameter <12,5 mm

— tempkrature (tolerance +2 K) °C 15

Cold elongation test on dumb-bells:

— tempgrature (tolerance +2 K) “C 15

Heat shock test (IEC 60811-509)

Tempefature (tolerance +3 K) °C 1150

Duratign h 1

Thermgl stability (IEC 60811-405)

Tempeflature (tolerance +0,5 K) °C 200

Minimuym time min 1100

Water absorption (IEC 60811-402)

Electri¢al method:

Tempelature (tolerance +2 K) °C [0

Duratign h 240

* Dug to climatic conditions, national standards may‘require the use of a lower temperature.
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Table 19 — Test requirements for particular characteristics of various crosslinked
insulating compounds

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

0,030 0,030
Test duration without cracks h 24 24 -
Hot set test (IEC 60811-507)
Treatment:
— air temperature (tolerance +3 K) °C 250 250 200
— time pnder load min 15 15 15
— mecHanical stress N/cm?2 20 20 20
Maximyim elongation under load % 175 175 175
Maxim@im permanent elongation after cooling % 15 15 15

Water absorption (IEC 60811-402)
Gravimetric method:

Tempefature (tolerance +2 K) °C 85 85 85
Duratign h 336 336 336
Maxim@im increase of mass mg/cm? 5 5 1*
Shrinkage test (IEC 60811-502)

Distan¢e L between marks mm - - 200
Tempefature (tolerance +3 K) °C - - 130
Duratign h - - 1
Maxim@im shrinkage % - - 4

Deternjination of hardness (see Annex E)
IRHD *, minimum - 80 -

Deternjination of elastic modulus (see 19.21)

Modulys at 150 % elongation, minimum N/mm?2 - 4,5 -

* An|increase greater than 1 mg/cm?2 is being considered for densities of XLPE greater than 1 g/cm3.
** |RHD: international rubber hardness ‘degree.

Table 20 — Test requirements for mechanical characteristics of sheathing compounds
(before and after ageing)

Designation of compounds (see 4.3) ST, ST, ST, ST, SE,
Maximjum conductor‘temperature in normal operation °C 80 90 80 90 85
(see 43)

Without ageing-(}EC 60811-501)

Tensilg sirength, minimum N/mm2 [ 12,5 12,5 10,0 12,5 10,0
Elongation-at-break, minimum % 150 150 300 300 300
After ageing in air oven (IEC 60811-401)

Treatment:

— temperature (tolerance +2 K) °C 100 100 100 110 100
— duration h 168 168 240 240 168
Tensile strength:

a) value after ageing, minimum N/mm?2 12,5 12,5 - - -
b) variation *, maximum % +25 +25 - — +30
Elongation-at-break:

a) value after ageing, minimum % 150 150 300 300 250
b) variation *, maximum % 125 +25 - - +40

*

Variation: difference between the median value obtained after ageing and the median value obtained without
ageing expressed as a percentage of the latter.
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Table 21 — Test requirements for particular characteristics for PVC sheathing
compounds

Designation of compound (see 4.2 and 4.3)

ST,

ST,

Use of the PVC compound

Sheath

Loss of mass in air oven (IEC 60811-409)
Treatment:

— temperature (tolerance +2 K)
— duration

Maximum loss of mass

°C

mg/cm?2

100
168

1,5

Pressyire test at high temperature (IEC 60811-508)

Tempgrature (tolerance +2 K)

°C

80

90

BehaMiour at low temperature *
(IEC g0811-504, IC 60811-505 and IEC 60811-506)

Test tp be carried out without previous ageing:

— cold|bending test for diameter <12,5 mm
— temperature (tolerance +2 K)

Cold dlongation test on dumb-bells:
— temperature (tolerance £2 K)
Cold ijnpact test:

— temperature (tolerance +2 K)

°C

£C

°C

-15

-15

-15

Heat ghock test (IEC 60811-509)
Tempgrature (tolerance +3 K)
Duratipn

°C
h

150

50

* Dye to climatic conditions, national standards may require\the use of a lower temperature.

Table 22 — Test requirements-for particular characteristics of PE (thermoplastic
polyethylene) sheathing compounds

Desighation of compounds (see 4.3) ST; $T,
Densify * (IEC 60811-606)

Carbop black content (for black oversheaths only)

(IEC 60811-605)

Nomingal value % 2,5 P,5
Tolerance % +0,5 #0,5
ShrinKage test.(IEC 60811-503)

Tempgratdre (tolerance +2 K) °C 80 80
Heating, duration h 5 5
Heating cycles 5 5
Maximum shrinkage % 3 3
Pressure test at high temperature (IEC 60811-508)

Temperature (tolerance +2 K) °C - 110

* The measurement of density is only required for the purpose of other tests.
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Table 23 — Test requirements for particular characteristics
of elastomeric sheathing compound

Designation of compound (see 4.3) SE;
Oil immersion test followed by a determination of the mechanical properties

(IEC 60811-404 and IEC 60811-501)

Treatment:

— oil temperature (tolerance +2 K) °C 100
— duration h 24
Maximum variation * of:

a) tengile strength % 40
b) elorjgation-at-break % 40
Hot sef test (IEC 60811-507)

Treatment:

— templerature (tolerance +3 K) °c b00
— time |under load min 15
— mechanical stress N/cm?2 20
Maximpm elongation under load % 175
Maximpm permanent elongation after cooling % 15

*  Vatriation: difference between the median value obtained after treatment.and the median value without tregtment,

exfgressed as a percentage of the latter.
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Annex A
(normative)

Fictitious calculation method for determination of dimensions
of protective coverings
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A.21

Method

Conductors

The fictitious diameter (d|) of a conductor, irrespective of shape and compactness, is given for

each

nominal cross-section in Table A.1.
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Table A.1 - Fictitious diameter of conductor

—51—

A.2.2

The flictitious diameter D of any core is given by:

a) fq

b) fq

wherg tj is the nominal thickness ofipsulation, in millimetres (see Tables 5 to 7).

If a metal screen or a concentric conductor is applied, a further addition shall be ma

Nominal cross- d. Nominal cross- d.
section of conductor section of conductor
mm?2 mm mm?2 mm
10 3,6 240 17,5
16 4,5 300 19,5
25 5,6 400 22,6
35 6,7 500 25,2
50 80 5830 283
70 9,4 800 31,9
95 11,0 1 000 35,7
120 12,4 1200 39,1
150 13,8 1400 42,2
185 15,3 1600 45,1

Cores

r cables having cores without semi-conducting layers:

Dc=d|_ +2ti

r cables having cores with semi-conducting layers:
Dc=d|_+2ti+3,0

accofdance with A.2.5.

A.2.3

Diameter over laid-up cores

The flictitious diameter over laid-up cores (Ds) is given by:

Ds = kD¢

wherg\the assembly coefficient k is 2,16 for a three-core cable.

He in

A.2.4

Inner coverings

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

where

tg = 0,4 mm for fictitious diameters over laid-up cores (Ds) up to and including 40 mm;

tg = 0,6 mm for Ds exceeding 40 mm.

DB:Df+2tB
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These fictitious values for tg apply to

a) three-core cables:
— whether an inner covering is applied or not;
— whether the inner covering is extruded or lapped,;

unless a separation sheath complying with 13.3.3 is used in place of or in addition to the
inner covering, when A.2.7 applies instead;

b) single-core cables:
— when an inner covering is applied whether it is extruded or lapped.

A.2.£Jz Concentric conductors and metal screens

The increase in diameter due to the concentric conductor or metal screen is giventlin Table A.2.

Table A.2 — Increase of diameter for concentric conductors and metal screens

Nominal cross-section Nominal cross-section
. Increase . Increase
of concentric conductor . ! of concentric conductor. . .
in diameter in diameter
or metal screen or metal 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 thg cross-section of the concentric conductor or metal screen lies between two of the values
giver] in the table above, then.the increase in diameter is that given for the larger of the¢ two
crosg-sections.

If a metal screen is.applied, the cross-sectional area of the screen to be used in the |table
abovp shall be calculated in the following manner:

a) tgpe screen

cross-sectional area = ng x  x wi

whete

ny s tireummber of tapes;
ty is the nominal thickness of an individual tape, in millimetres;
w; 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:
e if the overlap is below 30 %, the total thickness is the thickness of the tape;

o if the overlap is greater than or equal to 30 %, the total thickness is twice the thickness
of the tape.
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b) wire screen (with a counter helix, if any)
. n, xd2 xn
cross- sectional area = ¥ w +n, x b, xw
h h h
4
where
Ny is the number of wires;
dw is the diameter of an individual wire, in millimetres;
Nh is the number of a counter helix;
t, o tha thiclknaco ~Af A A~ ity haliy noillimaatrae f At Ar than N 2 s
is-the-thickress—of-a-counter-helbeirmillimetres—ifgreaterthan-0:3-mms
Wh is the width of a counter helix, in millimetres.
A.2.6 Lead sheath

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

wherg

Dy i the fictitious diameter under the lead sheath, in millimetres;

top i the thickness calculated in accordance with 12.1, in miflimetres.
A.2.7 Separation sheath

The flictitious diameter over the separation sheath\(Dg) is given by:

wher
D, ig
ts

B

A.2.8

Dg =D, + 2 t4
the fictitious diameter under the separation sheath, in millimetres;
the thickness calculated in_accordance with 13.3.3, in millimetres.

Lapped bedding

The flictitious diameterover the lapped bedding (D)) is given by:

wher
Duib

Dip=Dyip + 2 fip

isthe fictitious diameter under the lapped bedding, in millimetres;

fib

A.2.9

is the thickness of lapped bedding, i.e. 1,5 mm according to 13.3.4.

Additional bedding for tape-armoured cables (provided over the inner

covering)

Table A.3 — Increase of diameter for additional bedding

Increase in diameter for
additional bedding

Fictitious diameter under the addition bedding

Above Up to and including mm
mm mm
- 29 1,0
29 - 1,6
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Armour

The fictitious diameter over the armour (Dy) is given for:

a) flat or round wire armour by:

where

Da

ta
t

DX:DA+2fA+2fW

is the diameter under the armour, in millimetres;
is the thickness or diameter of the armour wire, in millimetres;

o thao {—Inin! Ae f{-h’\ OB

S
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b) fgr double-tape armour by:

here

O =

A

~

A

DX:DA+4tA

is the diameter under the armour, in millimetres;
is the thickness of the armour tape, in millimetres.
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Annex B
(informative)

Tabulated continuous current ratings for cables having extruded
insulation and a rated voltage from 3,6/6 kV up to 18/30 kV

General

annex deals solely with the steady-state continuous current ratings of single-core

Kk have been calculated for cables having a rated voltage of 6/10 kV and constrtuctio
ed in Clause B.2.

e ratings can be applied to cables of similar constructions in the voltage range of 3,6
30 kV.

abulated current ratings have been calculated using the methods set out in the IEC 6

D.

yclic current ratings, see the IEC 60853 series.

Cable constructions

d on those given in this~standard. The constructions and dimensions used are not reg
ecific national designs but reflect different model cables. Armoured three-core cable
med to have flat wire.armour and single-core cables are assumed to be unarmoure
ables have coppér)tape core screens except the single-core XLPE insulated cable, v
h copper wire screen. The nominal cross-sectional areas of the screens for the n
s is given in.Table B.1.

Table B.1 — Nominal screen cross-sectional areas

and
this
s as

6 kV

e an
o be

0287

cable constructions and .dimensions for which current ratings have been tabulated are

lated
5 are
d. All
vhich
hodel

oniinal area of

16 25 35 50 70 95 120 | 150 | 185 | 240 | 300

400

] % 2
cofaucior—mm

Nominal cross-sectional area of screen, per core, mm?

EP

R insulated cable 3 3 4 4 4 5 5 5 6 6 7

8

XLPE insulated cable 16 16 16 16 16 16 16 25 25 25 25

35

The oversheath is taken to be polyethylene for the single core cables and PVC for the three-

core

B.3

cables.

Temperatures

The maximum conductor temperature for which the tabulated cable ratings have been
calculated is 90 °C.
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The reference ambient temperatures assumed are as follows:

— for cables in air: 30 °C

— for buried cables, either directly in the soil
or in ducts in the ground: 20 °C

Correction factors for other ambient temperatures are given in Tables B.10 and B.11.

2014

The current ratings for cables in air do not take account of the increase, if any, due to solar or
other infra-red radiation. Where the cables are subject to such radiation, the current rating
should be derived by the methods specified in the IEC 60287 series.

B.4

The
resis
giver

Tables B.14 to B.17.

It is
poss
the G
deriv

B.5

B.5.1

Currgnt ratings are tabulated for cables installed in the following conditions.

B.5.2

The
surfa

Soil thermal resistivity

abulated current ratings for cables in ducts or direct in the ground relate to.asoil thermal

ivity of 1,5 K-m/W. Information on the likely soil thermal resistivity in various countr
in IEC 60287-3-1. Correction factors for other values of thermal resistivity are giv

assumed that the soil properties are uniform, no allowancé&‘\has been made fo
bility of moisture migration which can lead to a region of high' thermal resistivity an

ed by the methods specified in the IEC 60287 series.

Methods of installation

General

Single-core cables in air

Cables are assumed to be spaced at least 0,5 times the cable diameter from any veg
ce and installed on brackets;or ladder racks as follows:

ree cables in trefoil formation touching throughout their length;
ree cables in horiZontal flat formation touching throughout their length;

ree cables in Honizontal flat formation with a clearance of one cable diameter.

©
O[O,

es is
en in

r the
ound

able. If partial drying-out of the soil is foreseen, the permissible current rating should be

rtical

IEC 426/05

20,9 %X Dg 20,0 X Deg 20,9 X Dg
Figure B.1a Figure B.1b Figure B.1c
Key
De external diameter of the cable.
Figure B.1 — Single-core cables in air
B.5.3 Single-core cables buried direct

Current ratings are given for cables buried direct in the ground at a depth of 0,8 m under the
following conditions:

a) three cables in trefoil formation touching throughout their length;
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b) three cables in horizontal flat formation with a clearance of one cable diameter, D.,.

<—>| €<—>|
D, D.
IEC 427/05
Figure B.2a Figure B.2b

Figure B.2 - Single-core cables buried direct
The ¢able depth is measured to the cable axis or centre of the trefoil group.

B.5.4 Single-core cables in earthenware ducts

Currgnt ratings are given for cables in earthenware ducts buried af:a depth of 0,8 m with one
cablg per duct as follows:

a) three cables in trefoil ducts touching throughout their length;

b) three cables in horizontal flat formation, ducts touching throughout their length.

IEC 428/05
Figure B.3a Figure B.3b

Figure B.3)~ Single-core cables in earthenware ducts

The fucts are assumgdto be earthenware having an inside diameter of 1,5 times the oytside
diamgter of the cable and a wall thickness equal to 6 % of the duct inside diameter. The rdtings
are hQased on the‘assumption that the ducts are air filled. If the ducts have been filled with a
material such aS.Bentonite, then it is usual to adopt the current ratings for cables buried difect.

The {abujated ratings may be applied to cables in ducts having an inside diameter of between
1,2 gnhd 2 times the outside diameter of the cables. For this range of diameters the variation in
the rating is less than 2 % of the tabulated value

B.5.5 Three-core cables
Current ratings are given for three-core cables installed under the following conditions:

a) single cable in air spaced at least 0,3 times the cable diameter from any vertical surface;
b) single cable buried direct in the ground at a depth of 0,8 m;

c) single cable in a buried earthenware duct having dimensions calculated in the same
manner as for the single-core cables in ducts. The depth of burial of the duct is 0,8 m.
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/0.3%D,
IEC 429/05
Figure B.4a Figure B.4b Figure B.4c

Figure B.4 — Three-core cables

B.6 | Screen bonding

All the tabulated ratings for single-core cables assume that the cable screens are splidly
bonded, i.e. bonded at both ends of the cables.

B.7 | Cable loading

The [tabulated ratings relate to circuits carrying a balanced(three-phase load at a rated
frequency of 50 Hz.

B.8 | Rating factors for grouped circuits

The {abulated current ratings apply to a set of three single-core cables or one three-core gable
forming a three-phase circuit. When a number of circuits are installed in close proximity the
rating should be reduced by the appropriate factor from Tables B.18 to B.23.

Thesg rating factors should also be applied to groups of parallel cables forming the same
circuft. In such cases, attention should also be given to the arrangement of the cablgs to
ensule that the load current is shared equally between the parallel cables.

B.9 | Correction factors

The gorrection factors given in Tables B.10 to B.23 for temperature, installation conditiong and
grouping are averages over a range of conductor sizes and cable types. For particular cgses,
the cprrection faetor'may be calculated using the methods in IEC 60287-2-1.
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Table B.2 — Current ratings for single-core cables with XLPE insulation —
Rated voltage 3,6/6 kV to 18/30 kV * —
Copper conductor

Buried direct In single-way ducts In air
in the ground
Flat
Nominal Trefoil |Flat spaced [Trefoil ducts| touching Trefoil Flat Flat spaced
area of ducts touching
conductor  —— —«9p—— -
dﬁ?&i HH FHH dﬂ*‘m‘*
oG OGO O : i
mm? A A A A A A X
16 109 113 103 104 125 128 150
25 140 144 132 133 163 167 196
35 166 172 157 159 198 203 238
50 196 203 186 188 238 243 286
70 239 246 227 229 296 303 356
95 285 293 271 274 361 369 434
120 323 332 308 311 417 426 500
150 361 366 343 347 473 481 559
185 406 410 387 391 543 550 637
240 469 470 447 453 641 647 745
300 526 524 504 510 735 739 846
400 590 572 564 571 845 837 938
Mgximum conductor temperature 90 °C
Ambient air temperature 30 °C
Grpund temperature 20 °C
Ddpth of laying 0,8 m
Thiermal resistivity of soil 1,5 K'm/W
Thiermal resistivity.of earthenware ducts 1,2 Krm/W
Sdgreens bonded at both ends.
* [urrent rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.3 — Current ratings for single-core cables with XLPE insulation —
Rated voltage 3,6/6 kV to 18/30 kV * —
Aluminium conductor

Buried direct in the In single-way ducts In air
ground
i Flat
Nominal Trefoil |Flat spaced [Trefoil ducts| touching Trefoil Flat Flat spaced
area of ducts touching
conductor | ———9gp—— -
dﬁ?&i HH FHH dﬂ*‘m‘*
O | EHHER | B H s,
mm? A A A A A A X
16 84 88 80 81 97 99 116
25 108 112 102 103 127 130 153
35 129 134 122 123 154 157 185
50 152 157 144 146 184 189 222
70 186 192 176 178 230 236 278
95 221 229 210 213 280 287 338
120 252 260 240 242 324 332 391
150 281 288 267 271 368 376 440
185 317 324 303 307 424 432 504
240 367 373 351 356 502 511 593
300 414 419 397 402 577 586 677
400 470 466 451 457 673 676 769
Mgximum conductor temperature 90 °C
Ambient air temperature 30 °C
Grpund temperature 20 °C
Ddpth of laying 0,8 m
Thiermal resistivity of soil 1,5 Krm/W
Thiermal resistivity.of earthenware ducts 1,2 K'm/W
Sdreens bonded at both ends.
* [urrent rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.4 — Current ratings for single-core cables with EPR insulation —
Rated voltage 3,6/6 kV to 18/30 kV * —
Copper conductor

Buried direct in the In single-way ducts In air
ground
i Flat
Nominal Trefoil |Flat spaced [Trefoil ducts| touching Trefoil Flat Flat spaced
area of ducts touching
conductor | —— —8p—
EHe N OO O B :
mm? A A A A A A X
16 106 109 99 100 116 119 138
25 136 140 128 129 153 156 181
35 162 167 153 154 186 190 221
50 192 198 181 183 224 229 266
70 234 242 222 224 280 287 334
95 280 289 266 269 343 352 409
120 319 329 303 306 398 407 474
150 357 369 341 344 454 465 540
185 403 417 386 390 522 534 621
240 467 484 449 454 619 634 736
300 526 545 509 515 712 728 843
400 597 618 580 588 825 843 977
Mgximum conductor temperature 90 °C
Ambient air temperature 30 °C
Grpund temperature 20 °C
Ddpth of laying 0,8 m
Thiermal resistivity of soil 1,5 Krm/W
Thiermal resistivity.of earthenware ducts 1,2 K'm/W
Sdreens bonded at both ends.
* [urrent rating calculated for cables having a rated voltage of 6/10 kV.
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Table B.5 — Current ratings for single-core cables with EPR insulation —
Rated voltage 3,6/6 kV to 18/30 kV * —
Aluminium conductor

Buried direct in the In single-way ducts In air
ground
Flat
Nominal Trefoil |Flat spaced [Trefoil ducts| touching Trefoil Flat Flat spaced
area of ducts touching
conductor | —— —8p—
?;EH:I:;&—!:V; HH FHH dﬂ*‘m‘*
oo oGO o N : i
mm? A A A A A A X
16 82 84 77 78 90 92 107
25 105 109 99 100 119 121 141
35 126 130 118 120 144 147 171
50 149 153 140 142 174 178 207
70 182 188 172 174 218 223 259
95 217 224 206 208 266 273 317
120 247 256 235 238 309 317 368
150 277 287 264 267 352 361 419
185 314 325 300 303 406 417 484
240 364 377 350 354 483 495 575
300 411 426 397 401 556 570 659
400 471 487 456 462 651 667 770
Mgximum conductor temperature 90 °C
Ambient air temperature 30 °C
Grpund temperature 20 °C
Ddpth of laying 0,8 m
Thiermal resistivity of soil 1,5 Kkm/W
Thiermal resistivity.of earthenware ducts 1,2 K'm/W
Sgreens bonded at both ends.
* [Lurrent\tating calculated for cables having a rated voltage of 6/10 kV.
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Table B.6 — Current rating for three-core XLPE insulated cables —
Rated voltage 3,6/6 kV to 18/30 kV * —
Copper conductor, armoured and unarmoured

Unarmoured Armoured
Buried direct In a buried . Buried direct In a buried .
. In air . In air
in ground duct in ground duct
Nominalarea LLILLL LIl LLLLLLLL L] LLILLL L]
of conductor @ mEsssmEEzREsy
Bttt Bt Bttt
T o 1 | T
L1l N LLL | L1l
X - - } =
7 Eis i 40.3% D, 7
nm? A A A A A A
16 101 87 109 101 88 110
25 129 112 142 129 112 143
35 153 133 170 154 134 172
50 181 158 204 181 158 205
70 221 193 253 220 194 253
95 262 231 304 263 232 307
120 298 264 351 298 264 352
150 334 297 398 332 296 397
185 377 336 455 374 335 453
P40 434 390 531 431 387 529
300 489 441 606 482 435 599
100 553 501 696 541 492 683
Maximum conductor temperature 90 °C
Ambignt air temperature 30 °C
Ground temperature 20 °C
DeptH of laying 0,8 m
Thermal resistivity of soil 1,5 K'm/W
Thermal resistivity of eafthenware ducts 1,2 Krm/W
* Cdrrent rating caleulated for cables having a rated voltage of 6/10 kV.
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Rated voltage 3,6/6 kV to 18/30 kV * —
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Aluminium conductor, armoured and unarmoured

Unarmoured Armoured
Buried direct In a buried . Buried direct In a buried .
. In air . In air
in ground duct in ground duct
Nominalarea IEEEEEEEEEEN] IEEEEEEEEEEN] IEEEEEEEEEEN]
of conductor @
Bttt Bt Bttt
T o 1 | T
L1l (EEE HEN | L1l
1= - - } &
N /03D, I
m? A A A A A A
16 78 67 84 78 68 85
25 100 87 110 100 87 111
35 119 103 132 119 104 133
50 140 122 158 140 123 159
70 171 150 196 171 150 196
95 203 179 236 204 180 238
120 232 205 273 232 206 274
150 260 231 309 259 231 309
185 294 262 355 293 262 354
P40 340 305 415 338 304 415
300 384 346 475 380 343 472
100 438 398 552 432 393 545
Maximum conductor temperature 90 °C
Ambignt air temperature 30 °C
Ground temperature 20 °C
DeptH of laying 0,8 m
Thermal resistivity of soil 1,5 K'm/W
Thermal resistivity of eafthenware ducts 1,2 Krm/W

* Cudrrent rating caleulated for cables having a rated voltage of 6/10 kV.
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Table B.8 — Current rating for three-core EPR insulated cables —
Rated voltage 3,6/6 kV to 18/30 kV * —
Copper conductor, armoured and unarmoured

Unarmoured Armoured
Buried direct In a buried . Buried direct In a buried .
. In air . In air
in ground duct in ground duct
Nominalarea IEEEEEEEEEEN] IEEEEEEEEEEN] IEEEEEEEEEEN] IEEEEEEEEEEN]
of conductor @ HHREEEEEE | B
Bttt Bttt Bttt EEEEEEESRmEE]
1 ] umn [ 1 nEE umn
L1l LLL} HER | L1l LLL} HER
,\ . =1 11 i 1 ,\ . =1 . 11
P - ENA Zofﬁxf,e P - ENA
nm? A A A A A A
16 98 84 104 98 85 104
25 125 109 135 125 109 136
35 150 130 164 150 131 164
50 176 154 195 177 155 197
70 216 189 243 216 190 244
95 258 227 296 257 227 296
120 292 258 339 292 259 339
150 328 291 385 327 291 385
185 371 330 441 368 328 439
P40 429 384 519 424 381 513
300 482 434 590 475 429 583
100 545 494 678 534 485 666
Maxiium conductor temperature 90 °C
Ambignt air temperature 30 °C
Ground temperature 20 °C
DeptH of laying 0,8 m
Thermal resistivity of soil 1,5 Krm/W
Thermal resistivity of earthenhware ducts 1,2 KKm/W
* Current rating caleulated for cables having a rated voltage of 6/10 kV.
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Table B.9 — Current rating for three-core EPR insulated cables —
Rated voltage 3,6/6 kV to 18/30 kV * —

66 —

60502-2 © IEC:2014

Aluminium conductor, armoured and unarmoured

Unarmoured Armoured
Buried direct In a buried . Buried direct In a buried .
X In air X In air
in ground duct in ground duct
Nominalarea LLILLL LIl LLLLLLLLLLL] LLILLL L] LLLLLLLLLLL]
of conductor
AREEEEEEREEN EEEEEE=uREEE AREEEEEENEEN EEEEEEESRmEE]
L1l L) LLL L1l L) Ll
L1l EEE L L1l EEE Ll
= 4+ - X 4+ -
e =d HEH L e =d HEH L
nm? A A A A A A
16 76 65 80 76 66 81
25 97 84 105 97 85 105
35 116 101 127 116 101 127
50 137 119 151 137 120 153
70 167 147 189 168 147 190
95 200 176 229 200 176 230
120 227 201 263 227 201 264
150 255 226 299 254 226 300
185 289 257 343 288 257 343
P40 335 300 406 332 299 402
300 378 340 462 374 338 459
100 432 392 538 426 387 530
Maxiium conductor temperature 90 °C
Ambignt air temperature 30 °C
Ground temperature 20 °C
DeptH of laying 0,8 m
Thermal resistivity of soil 1,5 Krm/W
Thermal resistivity of earthenhware ducts 1,2 K'm/W
* Cdrrent rating caleculated for cables having a rated voltage of 6/10 kV.
Table B.10 — Correction factors for ambient
air temperatures other than 30 °C
Maximum conductor Ambient air temperature
temperature °C
°C
20 25 35 40 45 50 55 60
90 1,08 1,04 0,96 0,91 0,87 0,82 0,76 0,71
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Table B.11 — Correction factors for ambient ground
temperatures other than 20 °C

Maximum conductor Ambient ground temperature
temperature °C
°C
10 15 25 30 35 40 45 50
90 1,07 1,04 0,96 0,93 0,89 0,85 0,80 0,76

Table B.12 — Correction factors for depths of laying
other than 0,8 m for direct buried cables

Single-core cables
Depth of laying Nominal condzuctor size Threescore
m mm cables
<185 mm? >185 mm?
0,5 1,04 1,06 1,04
0,6 1,02 1,04 1,03
1 0,98 0,97 0,98
1,25 0,96 0,95 0,96
1,5 0,95 0,93 0,95
1,75 0,94 0,91 0,94
2 0,93 0,90 0,93
2,5 0,91 0,88 0,91
3 0,90 0,86 0,90

Table B.13 — Correction factors for depths of laying
other than 0,8 m for cables in ducts

Single-core cables
Three-core

Depth.of laying Nominal condzuctor size cable

m mm

<185 mm? >185 mm?

0,5 1,04 1,05 1,03
06 1.02 1.03 1.02
1 0,98 0,97 0,99
1,25 0,96 0,95 0,97
1,5 0,95 0,93 0,96
1,75 0,94 0,92 0,95
2 0,93 0,91 0,94
2,5 0,91 0,89 0,93
3 0,90 0,88 0,92
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Table B.14 — Correction factors for soil thermal resistivities
other than 1,5 K-m/W for direct buried single-core cables

Nominal Values of soil thermal resistivity
area of K-m/W
conductor
2 0,7 0,8 0,9 1 2 2,5 3
mm
16 1,29 1,24 1,19 1,15 0,89 0,82 0,75
25 1,30 1,25 1,20 1,16 0,89 0,81 0,75
35 1,30 1,25 1,21 1,16 0,89 0,81 0,75
50 1,32 1,26 1,21 1,16 0,89 0,81 0,74
70 1,33 1,27 1,22 1,17 0,89 0,81 0,74
95 1,34 1,28 1,22 1,18 0,89 0,80 0,74
120 1,34 1,28 1,22 1,18 0,88 0,80 0,74
150 1,35 1,28 1,23 1,18 0,88 0,80 0,74
185 1,35 1,29 1,23 1,18 0,88 0,80 0,74
240 1,36 1,29 1,23 1,18 0,88 0,80 0,73
300 1,36 1,30 1,24 1,19 0,88 0,80 0,73
400 1,37 1,30 1,24 1,19 0,88 0,79 0,73
Table B.15 — Correction factors for soil thermal resistivities
other than 1,5 K-m/W single-core cables in buried ducts
Nominal Values of soil thermal resistivity
area of K-m/W
conductor
2 0,7 0,8 0,9 1 2 2,5 3
mm
16 1,20 1,17 1,14 1,11 0,92 0,85 0,79
25 1621 1,17 1,14 1,12 0,91 0,85 0,79
35 1,21 1,18 1,15 1,12 0,91 0,84 0,79
50 1,21 1,18 1,15 1,12 0,91 0,84 0,78
70 1,22 1,19 1,15 1,12 0,91 0,84 0,78
95 1,23 1,19 1,16 1,13 0,91 0,84 0,78
120 1,23 1,20 1,16 1,13 0,91 0,84 0,78
150 1,24 1,20 1,16 1,13 0,91 0,83 0,78
185 1,24 1,20 1,17 1,13 0,91 0,83 0,78
240 1,25 1,21 1,17 1,14 0,90 0,83 0,77
300 1,25 1,21 1,17 1,14 0,90 0,83 0,77
400 1,25 1,21 1,17 1,14 0,90 0,83 0,77



https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © IEC:2014

— 69 —

Table B.16 — Correction factors for soil thermal resistivities
other than 1,5 K-m/W for direct buried three-core cables

Nominal area Values of soil thermal resistivity

of conductor Kem/W
mm? 0,7 0,8 0,9 1 2 2,5 3
16 1,23 1,19 1,16 1,13 0,91 0,84 0,78
25 1,24 1,20 1,16 1,13 0,91 0,84 0,78
35 1,25 1,21 1,17 1,13 0,91 0,83 0,78
70 1,26 1,21 1,18 1,14 0,90 0,83 0,77
95 1,26 1,22 1,18 1,14 0,90 0,83 0,77
120 1,26 1,22 1,18 1,14 0,90 0,83 0y77
150 1,27 1,22 1,18 1,15 0,90 0,83 0,77
185 1,27 1,23 1,18 1,15 0,90 0,83 0,77
240 1,28 1,23 1,19 1,15 0,90 0,83 0,77
300 1,28 1,23 1,19 1,15 0,90 0,82 0,77
400 1,28 1,23 1,19 1,15 0,90 0,82 0,76

Table B.17 — Correction factors for soil thermal resistivities

other than 1,5 K-m/W forithree-core cables in ducts

Nominal Values of soil thermal resistivity
area of K-m/W

conductor
2 0,7 0,8 0,9 1 2 2,5 3
16 1,12 =11 1,09 1,08 0,94 0,89 0,84
25 1,14 1,12 1,10 1,08 0,94 0,89 0,84
35 1,14 1,12 1,10 1,08 0,94 0,88 0,84
50 1,14 1,12 1,10 1,08 0,94 0,88 0,84
70 1,15 1,13 1,11 1,09 0,94 0,88 0,83
95 1,15 1,13 1,11 1,09 0,94 0,88 0,83
120 1,15 1,13 1,11 1,09 0,93 0,88 0,83
150 1.16 1.13 1.11 1.09 0,93 0.88 0,83
185 1,16 1,14 1,11 1,09 0,93 0,87 0,83
240 1,16 1,14 1,12 1,10 0,93 0,87 0,82
300 1,17 1,14 1,12 1,10 0,93 0,87 0,82
400 1,17 1,14 1,12 1,10 0,92 0,86 0,81
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Table B.18 — Correction factors for groups of three-core cables
in horizontal formation laid direct in the ground

Number of Spacing between cable centres
cables in mm
group Touching 200 400 600 800

2 0,80 0,86 0,90 0,92 0,94
3 0,69 0,77 0,82 0,86 0,89
4 0,62 0,72 0,79 0,83 0,87
6 06+ 668 076 6-84 8-85
6 0,54 0,65 0,74 0,80 0,84
7 0,51 0,63 0,72 0,78 0,83
8 0,49 0,61 0,71 0,78
9 0,47 0,60 0,70 0,77 =
10 0,46 0,59 0,69 - -
11 0,45 0,57 0,69 - -
12 0,43 0,56 0,68 = -

Table B.19 — Correction factors for groups of'three-phase circuits

of single-core cables laid direct/in the ground

Number of Spacing between group centres
cables in mm
group Touching 200 400 600 800

2 0,73 0,83 0,88 0,90 0,92
3 0,60 0,73 0,79 0,83 0,86
4 0,54 0,68 0,75 0,80 0,84
5 0,49 0,63 0,72 0,78 0,82
6 0,46 0,61 0,70 0,76 0,81
7 0,43 0,58 0,68 0,75 0,80
8 0,41 0,57 0,67 0,74 -
9 0,39 0,55 0,66 0,73 -
10 0,37 0,54 0,65 - -
11 0,36 0,53 0,64 - -
12 0.35 0.52 0.64 — —
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Table B.20 — Correction factors for groups of three-core cables
in single way ducts in horizontal formation

Number of Spacing between duct centres
cables in mm
group Touching 200 400 600 800

2 0,85 0,88 0,92 0,94 0,95
3 0,75 0,80 0,85 0,88 0,91
4 0,69 0,75 0,82 0,86 0,89
5 0,65 0,72 0,79 0,84 0,87
6 0,62 0,69 0,77 0,83 0,87
7 0,59 0,67 0,76 0,82 0,86
8 0,57 0,65 0,75 0,81 =
9 0,55 0,64 0,74 0,80 —
10 0,54 0,63 0,73 - -
11 0,52 0,62 0,73 - -
12 0,51 0,61 0,72 — -

Table B.21 — Correction factors for groups of three-phase circuits
of single-core cables in single-way ducts

Number of Spacing between duct group centres
cables in mm
group Touching 200 400 600 800

2 0,78 0,85 0,89 0,91 0,93
3 0,66 0,75 0,81 0,85 0,88
4 0,59 0,70 0,77 0,82 0,86
5 0,55 0,66 0,74 0,80 0,84
6 0,51 0,64 0,72 0,78 0,83
7 0,48 0,61 0,71 0,77 0,82
8 0,46 0,60 0,70 0,76 -
9 0,44 0,58 0,69 0,76 -
10 0,43 0,57 0,68 - -
11 0,42 0,56 0,67 - -
12 0,40 0,55 0,67 - -
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Table B.22 — Reduction factors for groups of more than one multi-core cable in air —
To be applied to the current-carrying capacity for one multi-core cable in free air

Number of cables
Method of installation Number
of trays 1 2 3 4 6 9
Touching 1 1,00 0,88 0,82 0,79 0,76 0,73
ONZONAON/ONO) 2 1,00 0,87 0,80 0,77 0,73 0,68
% SOS0E/60.60)
L_L_onmm
3 1,00 0,86 0,79 0,76 o\ 71 0,66
Cables pn
perforated ftrays Spaced 1 1,00 1,00 0,98 0,95 0,91
De
[ LN -
5 1= 2 1,00 0,99 0,96 0,92 0,47
[34]
o
LL > 20 mm -
3 1,00 0,98 0,95 0,91 0,45
1 1,00 0,88 0,82 0,78 0,73 0,72
2 1,00 0,88 0,81 0,76 0,71 0,70
. Touching
Cables on vertical
perforated [trays oN s
@ . B _
25 mmi 1 1,00 0,91 0,89 0,88 0,47
: SOIN
| { [/ De -
@5 @ 2 1,00 0,91 0,88 0,87 0,45
Spaced
Touching 1 1,00 0,87 0,82 0,80 0,79 0,78
O\ASNZONAONZON
@@@@6‘0 2 1,00 0,86 0,80 0,78 0,76 0,73
|-%<>20 mm
Cables on lhdder 3 1,00 0,85 0,79 0,76 0,73 0,70
supports, cl|eats, Spaced -
etc. 1 1,00 1,00 1,00 1,00 1,do
D
% AN _
g @ ‘@ ®J 2 1,00 0,99 0,98 0,97 0,96
J«>20mm _
3 1,00 0,98 0,97 0,96 0,93

NOTE 1 Values given are averages for the cable types and range of conductor sizes considered. The spread of values is
generally less than 5 %.

NOTE 2 Factors apply to single layer groups of cables as shown above and do not apply when cables are installed in more
than one layer touching each other. Values for such installations may be significantly lower and must be determined by an
appropriate method.

NOTE 3 Values are given for vertical spacings between trays of 300 mm and at least 20 mm between trays and wall. For closer
spacing, the factors should be reduced.

NOTE 4 Values are given for horizontal spacing between trays of 225 mm with trays mounted back to back. For closer spacing,
the factors should be reduced.
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Table B.23 — Reduction factors for groups of more than one circuit of single-core cables
(Note 2) — To be applied to the current-carrying capacity for one circuit of single-core
cables in free air

Number of three-phase Use as a
Method of installation Nur::esr of circuits (Note 5) multiplier to
y 1 2 3 rating for
Touching 1 0,98 0,91 0,87
Pe;forated ‘ l Three cables in
rays 2 0,96 0,87 0,81 horizontal
(Note 3) ‘ M--.@.@.-.@@ formation
>20 mm
3 0,95 0,85 0,78
Touching 1 1,00 0,97 0,96
L adder
sfipports, Three cableg in
cleats etc. 2 0,98 0,93 0,89 horizonta
" 3 I @A@@@A@@I formation
t
(Pote 3) l<~=—>20 mm
3 0,97 0,90 0,86
1 1,00 0,98 0,96
>2D
P¢rforated \ © <De
trays O © 2 7
- :___ 0,9 0,93 0,89
(Note 3) >20 mm
3 0,96 0,92 0,86
0 O
s =4
ertical ©© y 1,00 0,91 0,89
pgrforated | b1 22D Three cablgs
trays : i i in trefoil
05 1591 formation
(Note 4) = = 1 2 1,00 0,90 0,86
D,
€ Spaced
1 1,00 1,00 1,00
| adder = ZD\e ‘ﬁ“De
sfipports, \é w) O
clgats, etc. I@@ @@I 2 0,97 0,95 0,93
(Note 3) | 4=220 mm
3 0,96 0,94 0,90
NOTE 1 Values.given are averages for the cable types and range of conductor sizes considered. The spread
of values is generally less than 5 %.
NOTE 2 FRagtors are given for single layers of cables (or trefoil groups) as shown in the table and do not apply
whelp cables are installed in more than one layer touching each other. Values for such installations may be
signlificantly lower and should be determined by an appropriate method.
NOTE-3—Vatuesare giverr for verticaspacings betweenm trays of 300mm—Forcloserspacing; thefactors
should be reduced.
NOTE 4 Values are given for horizontal spacing between trays of 225 mm with trays mounted back to back.
For closer spacing, the factors should be reduced.
NOTE 5 For circuits having more than one cable in parallel per phase, each three phase set of conductors
should be considered as a circuit for the purpose of this table.
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Annex C
(normative)

Rounding of nhumbers

Rounding of numbers for the purpose of the fictitious calculation method

The following rules apply when rounding numbers in calculating fictitious diameters and
Y

thick
to 0,

To ill

a) w
fi

E

C.2

For

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_ateach
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.

Listrate these rules, the following practical examples are given:

hen the figure in the second decimal place before rounding is 0, 1, 2, 3 or 4, the

Jure retained in the first decimal place remains unchanged (rounding down);
amples:
2,12 ~ 21
2,449 =~ 2,4
25,0478, = 25,0

hen the figure in the second decimal*place before rounding is 9, 8, 7, 6 or 5, the

igure in the first decimal place is increased by one (rounding up).
amples:
2,17 ~ 272
2453 ~ 25
30,0560 =~ 30,1

Rounding of numbers for other purposes

urposes otherthan those considered under Clause C.1, it may be required that value

roundled to mdre*than one decimal place. This may occur, for instance, in calculatin

averg

of decimal-places specified in the relevant clauses.

stage
bf an
The

hess calculated from the rounded value of the fictitious diameter shall, in turn, be rounded

h the

h the

S are
j the

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

mber

toIerT;nce t6a given nominal value. In these cases, rounding shall be carried out to the nu

The method of rounding shall then be as follows:

a) if the last figure to be retained is followed, before rounding, by 0, 1, 2, 3 or 4, it shall remain
unchanged (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).
Examples:
2,449 =~ 2,45 rounded to two decimal places
2449 =~ 24 rounded to one decimal place
25,0478 ~ 25,048 rounded to three decimal places
25,0478 ~ 25,05 rounded to two decimal places
25,0478 ~ 25,0 rounded to one decimal place
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Annex D
(normative)

Method of measuring resistivity of semi-conducting screens

test piece shall be prepared from a 150 mm sample of completed cable.

The conductor screen test plece shall be prepared by cuttlng a sample of core in half

longitu
insul
core

The

Four
the s
the t
elect

Conn
to th
insul

The
inter
of a

After
scred
ambi
in Fig

atlon screen test piece shaII be prepared by removmg all the covermgs from the sam
see Figure D.1b).

procedure for determining the volume resistivity of the screens shall be as follows:

silver-painted electrodes A, B, C, and D (see Figures D.1a and D.1b)|shall be appli

vo current electrodes, A and D, shall be each placed at least 25(mm beyond the pot
rodes.

htion screen on the outer surface of the test samplex

hssembly shall be placed in an oven preheatedto the specified temperature and, aft

ircuit, the power of which shall not exceed, 100 mW.

the electrical measurements, the diameters over the conductor screen and insu

ent temperature, each being the average of six measurements made on the sample s
ure D.1b.

mle of

Eed to

emi-conducting surfaces. The two potential electrodes, B and C, shall.be 50 mm apant and

ential

ections shall be made to the electrodes by means of suitable clips. In making connedtions
b conductor screen electrodes it shall be ensured that the clips are insulated from the

er an

al of at least 30 min, the resistance betwegn\the electrodes shall be measured by means

ation

n and the thicknesses of the conductor screen and insulation screen shall be measuned at

hown
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a) conductor screen

R, xmx (D = T,) x T,
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e 2L,
where
o is the volume resistivity, in ohm - metres;
Rc is the measured resistance, in ohms;
LE IS the distance between poiential electrodes, in metres,
D is the outer diameter over the conductor screen, in metres;
TL is the average thickness of conductor screen, in metres.

N

4 O - 13X =

sulation screen
Rian(Di_Ti)XTi
L

A =
here

is the volume resistivity, in ohm - metres;

is the measured resistance, in ohms;

is the distance between potential electrodesyin metres;

is the outer diameter over the insulation:screen, in metres;

is the average thickness of insulatiop,screen, in metres.



https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © IEC:2014 -77 -

Dimensions in millimetres

1 D
C
2
B
=25 mm
A
// ‘ o
‘l/
IEC 2417/11
Ky
1 [insulation screen B, C potential electrodes
2 |conductor screen A, D current electrodes
Figure D.1a — Measurement of the volume\resistivity of the conductor screen
Dimensions in milliqetres
A
IEC 2418/11
Key
1 insulation screen B, C potential electrodes
2 conductor screen A, D current electrodes

Figure D.1b — Measurement of the volume resistivity of the insulation screen

Figure D.1 — Preparation of samples for measurement of resistivity
of conductor and insulation screens
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Annex E
(normative)

Determination of hardness of HEPR insulations

E.1 Test piece

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

E.2 | Test procedure

E.2.1 General

Testg shall be made in accordance with ISO 48 with exceptions as indicated below.

E.2.2 Surfaces of large radius of curvature

The {est instrument, in accordance with ISO 48, shall be constructed so as to rest firmly on the
HEPR insulation and permit the presser foot and indenfor'to make vertical contact with this
surfajce. This is done in one of the following ways:

a) the instrument is fitted with feet moveable in universal joints so that they adjust themsglves
tq the curved surface;

b) the base of the instrument is fitted with™\two parallel rods A and A' at a distance ppart
depending on the curvature of the surface (see Figure E.1).

These methods may be used on surfaces with radius of curvature down to 20 mm.

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

E.2.3 Surfaces of small radius of curvature

On sprfaces with toe_small a radius of curvature for the procedures described in E.2.2, th¢ test
piecq shall be supported on the same rigid base as the test instrument, in such a way ps to
minirpize bodily"movement of the HEPR insulation when the indenting force incremgnt is
applied to the_indentor and so that the indentor is vertically above the axis of the test diece.
Suitaple procedures are as follows:

a) by resting the test piece in a grove or trough in a metal jig (see Figure E.2a);

b) by resting the ends of the conductor of the test piece in V-blocks (see Figure E.2b).

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 in ISO 48 for thin and small test
pieces shall be used.

E.2.4 Conditioning and test temperature

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

E.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, reported
to the nearest whole number in international rubber hardness degrees (IRHD).

L ) |

A A

IEC 255/97

Figure E.1 — Test on surfaces of large radius of curvature

2

7
ZZ" | N |
e ALY
Figure E.2a — Test piece groove Figure E.2b - Test piece in V-blocks

Figure E.2 — Test on surfaces of small radius of curvature
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Annex F
(normative)

Water penetration test

Test piece

2014

A sample of completed cable at least 6 m in length which has not been subjected to any of the

tests
the a

A3n

i i ] ubj i i i 2.4 Wi
dditional partial discharge test.

and raced horizontally. A ring approximately 50 mm wide shall be removed from 'the cen

the |
cond
cond

If the
contd
case

ngth. This ring shall comprise all the layers external to the insulation. screen. Wher
Lictor is also claimed to contain a barrier, the ring shall comprise all. layers external {
Lictor.

cable contains intermittent barriers to longitudinal water penetration then the sample
in at least two of these barriers, the ring being removed from between the barriers. |

of the cable sample shall be determined accordingly.

The
readi
seald

hout

h length of cable shall be cut from the length which has been subjected to thelbending test

re of
e the
o the

shall
n this

the average distance between the barriers in such cablesishould be stated and the lgngth

surfaces shall be cut so that the interfaces intended to be longitudinally watertight shall be

y exposed to the water. The interfaces not intended to be longitudinally watertight sh
d with a suitable material or the outer coverings removed.

Exanpples of these latter interfaces include;

- W
— th
Arrar

to be
seals

NOTE|
water

F.2

hen only the conductor of the cablefias a barrier;
e interface between the oversheath and the metal sheath.
ge a suitable device (see.Eigure F.1) to allow a tube having a diameter of at least 1

placed vertically over the'exposed ring and sealed to the surface of the oversheath
where the cable exits the apparatus shall not exert mechanical stress on the cable.

The response of certain barriers to longitudinal penetration can be dependent on the composition
e.g. pH, ion concentration). Normal tap water should be used for the test, unless otherwise specified.

Test

The

bl be

mm
The

of the

ubg’is filled within 5 min with water at an ambient temperature of (20 + 10) °C so th4

t the

height of the water in the tube is 1 m above the cable centre (see Figure F.1). The sample shall
be allowed to stand for 24 h.

The sample shall then be subjected to 10 heating cycles by passing current through the
conductor, until the conductor reaches a steady temperature 5 K to 10 K above the maximum
conductor temperature in normal operation and which shall not reach 100 °C.

The duration of the heating cycle shall be at least 8 h. The conductor temperature shall be
maintained within the stated temperature limits for at least 2 h of each heating period. This

shall

be followed by at least 3 h of natural cooling.

The water head shall be maintained at 1 m.
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NOTE No voltage being applied throughout the test, it is advisable to connect a dummy cable in series with the
cable to be tested, the temperature being measured directly on the conductor of this cable.

F.3 Requirements

During the period of testing no water shall emerge from the ends of the test piece.

Dimensions in millimetres

Water header tank —— |

v

Vent

@10 min. (inner)
—>li—

P =

Cable —\ / %\
Xz %

— 50 approx.
500 max.

<

t 100 max.

3000

IEC 254/97

Figure F.1 — Schematic diagram of apparatus for water penetration test
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Annex G
(informative)

Determination of the cable conductor temperature

G.1 Purpose

For some tests, it is necessary to raise the cable conductor to a given temperature, typically
5 K tp— 10 K—above the maximum emperature In norimal operation, wnilie the cable IS enervized,
eithef at power frequency or under impulse conditions. It is therefore not possible “te |have
access to the conductor to enable direct measurement of temperature.

In aqdition, the conductor temperature should be maintained within a restricted range |(5 K)
whergas the ambient temperature may vary over a wider range.

Althdugh preliminary calibration on the cable under test or calculations ymay be satisfactory in
the first place, the variation of ambient conditions throughout the duration of the test may| lead
to dejiations of the temperature of the conductor outside range.

Thergfore, methods should be used in which the conductordemperature can be monitored and
contrplled throughout the duration of the test.

Guidgnce is given hereafter on commonly used methods.

G.2 | Calibration of the temperature of the main test loop

G.2.1 General

The |[purpose of the -calibration_ds to determine the conductor temperature by direct
meagurement for a given current within the temperature range required for the test.

The fable used for calibratien (hereafter called reference cable) should be taken from same
length as the cable used for-the main test loop.

G.2.2 Installation of cable and temperature sensors

The galibration_should be performed on a minimum cable length of 5 m, taken from the $ame
cablg as tested. The length should be such that the longitudinal heat transfer to the cable [ends
does|not affect the temperature in the centre 2 m of cable by more than 2 K.

At th middla of tha rafaranca cahla fwao tamnaratuira cancnre choild ha attachad: Ana the
co—HHEGHe—o—te+eterence—Cane—wWotepeattHe—SeRSoS—SHotha—oeattacnRea—ohe

conductor (TC4;), and one on the external surface or directly under the external surface
(TCys)-

Two other temperature sensors, TC,. and TC,., should be installed on the conductor of the
reference cable (see Figure G.1), each one about 1 m away from the middle.

The temperature sensors should be attached to the conductor by mechanical means since they
may move due to vibrations of the cable during heating. Care should be taken to maintain good
thermal contact during the tests and to prevent leakage of heat to the ambient. It is
recommended to mount the thermocouple(s) as shown in Figure G.2 between two strands of a
stranded conductor or between the (solid) conductor and the conductor screen. To enable
access to the conductor in the middle of the reference cable, a small hatch should be made by
careful removal of the layers above the conductor. After installing the temperature sensor(s),


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © IEC:2014 - 83 -

the layers that have been removed may be put back. This may restore the thermal behaviour of
the reference cable.

NOTE To prove a negligible heat transfer towards the cable ends, the difference between the readings of TC,,
TC, and TC,, should be less than 2 K.

If the main test loop includes several individual cable lengths installed close to each other,
these lengths will be subjected to thermal proximity effect. The calibration should therefore be
carried out, taking into account the actual test arrangement, measurements being performed
on the hottest cable length (usually the middle length).

v
| | | |
=5 &5
5 / /
6
7
8
9
1,000 mm 1 000 mm
10

IEC 2415/11

Key

1 Current inducing transformers 6 TC,, (conductor)
2 erminations 7 TC, . (conductor)
3 Cable under test 8 TC,, (sheath)

4 eferencecable (=5 m) 9 TC,, (conductor)
5 Current.measuring transformers 10 TC, (sheath)

igu T=Typi U i
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<10 mm*

2mm

1 2 4 IEC 2416/11
Key
1 cdnductor 5 cable oversheath
2 sgmi-conducting screens 6 temperature sensor
3 ingulation 7 flexible thermal insulating compound
4 metal sheath * as small as possible

Figure G.2 — Example. of,an arrangement of the temperature
sensors on the-conductor of the reference loop

G.2.3 Calibration method

The |[calibration should be “carried out in a draught-free situation at a temperatuge of
(20 4 15) °C.

Temperature recorders should be used to measure the conductor, oversheath and ampbient
temperatures simultaneously.

The [cablesshould be heated until the conductor temperatures, indicated by temperpture
sensprs TG, of Figure G.1, have stabilized and reached the following temperatures: between
5 K gnd 10 K above the maximum conductor temperature of the cable in normal operation, as
given in Table 1.

When stabilization has been reached, the following should be noted:

— conductor temperature: average value at positions 1, 2 and 3;
— oversheath temperature at position TC;

— ambient temperature;

— heating current.
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G.3 Heating for the test

G.3.1 Method 1 — Test using a reference cable

In this method, a reference cable identical to the cable used for the test is heated with the
same current value as the main test loop.

The installation of cable and temperature sensors for both loops should be as given in
Clause G.2.

t tsh Id h hthat
The st arrangementshou e suc 2

— the reference cable carries the same current as the main test loop at any time;

— it]is installed in such a way that mutual heating effects are taken into account throughout
the test.

The heating current of both loops should be adjusted such that the condudgtor temperature is
kept within the specified limits.

A temperature sensor (TCg) should be mounted on or under the gxternal surface of the |main
test Ipop at the hottest spot, usually in the middle of it, in the same way as temperature s¢nsor
TC,¢|is mounted on the hottest spot of the reference cable.

NOTE|1 The temperature measured with the temperature sensors on or‘under the oversheath of the main tegt loop
(TCg)|and on the reference loop (TC4s) are used to check whether the oversheath of both loops has the[same
tempegrature.

The femperature measured with temperature sensor TC,s on the conductor of the refefence
loop may be considered as to be representative for the conductor temperature of the energized
test Ipop.

NOTE|2 The temperature of the conductor of th@ main test loop may be slightly higher than that of the refgrence
loop because of dielectric losses. If necessary;-a correction should be made.

All tgmperature sensors should be connected to a recorder to enable temperature monitgring.
The heating current of each leep’should also be recorded to prove that the two currents gre of
the $ame value throughout._the duration of the test. The difference between the hegating
curreints should be kept within £1 %.

The feference cable ymay be connected in series with the test cable if the temperature is
meagured via an.optical fibre link or equivalent.

G.3.2 Method 2 — Test using conductor temperature calculations and measurement
of the surface temperature

G.3.24—CGalibration-ef-the-test-eable-conduectortemperature

The purpose of the -calibration is to determine the conductor temperature by direct
measurement for a given current, within the temperature range required for the test.

The cable used for calibration should be identical to that to be used for the test, and the way of
heating should be identical.

The installation of cable and temperature sensors for the calibration should be as given in
Clause G.2.

The calibration should be carried out in accordance with G.2.3 for the reference cable.
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G.3.2.2 Test based on measurement of the external temperature

During calibration and during the test of the main loop, the cable conductor temperature of the
main test loop should be calculated in accordance with IEC 60853-2, based on the measured
external temperature of the oversheath (TCg). The measurement should be done with a
temperature sensor at the hottest spot, attached to or under the external surface, in the same
way as for the reference cable.

NOTE As an alternative, IEC 60287-2 (all parts 2) may be used if demonstrated that asymptotic transient
temperature is reached within the specified time

The heating current should be adjusted to obtain the required value of the calculated conductor
temprature, based on the measured external temperature of the oversheath.
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IEC 60502-1, 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
(Upn =1,2kV) and 3 kV (U, = 3,6 kV)



https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

- 88 - 60502-2 © CEI:2014

SOMMAIRE

AV ANT-PROP O S ...ttt et et et et et et et et e e e et e et e e e e anns 96
1 Domaine d'application ... 98
2 REfErENCES NOIMALIVES .oeiiii e e e ees 98
3 Termes et definitioNS ... 100
3.1 Définitions de valeurs dimensionnelles (épaisseurs, sections, etc.)................ 100
3.2 Définitions relatives auX @SSaiS ....c.uiiiiiiiiiiie i 101
4  Désignation des tensions et des matériaux ..o 101
(1.1 TEeNSIONS ASSIGNEES ...iniiiii it .101
1.2 MElanges iSOIaNS ... ... R .102
1.3 Melanges POUI QaINE......ocuiiiie i e ene e D e e e .103
AMeES CONAUCIIICES ..ieiii e N .104
6 Enveloppe isolante ... e .104
5.1 Y=Y =T = 1 Nl .104
5.2 Epaisseur de I'enveloppe iSOlaNnte ..........cc.uvveeiieeeeeeee e e .104
7 o 7= 0 1= PR S0 L 105
/.1 GENEralites . ovei i .105
/.2 ECran SUI @M ..o e et ettt et .106
V.3 Ecran sur enveloppe isolante ...l .106
8 Assemblage des cables tripolaires, revétementsiinternes et bourrages...................... .106
B.1 LT oL oY1 = N PP .106
B.2 Revétements internes et bourrages: ..o .106
8.2.1 CoNSHTULION e N e .106
8.2.2 Mat@riauU ... s .106
8.2.3 Epaisseur durevétement interne extrudé...............ccoooiiiiiiinlL .106
8.2.4 Epaisseurdées revétements internes rubanés.............................L .107
B.3 Cables avec revétement métallique collectif (voir Article 9).......cccoeeieninni. .107

B.4 Cables compoftant un revétement métallique individuel sur chaque
conducteur, (VOIr Article 10) . ..o .107
9 Revétements métalliques des cables unipolaires et tripolaires.................ccoiin. .107
10 Ecran M alliqUe ). . .. oo .108
10.1 CONSTITULION et e .108
10.2 EXIgENCES ..o .108
10.3 Ecrans métalliques non associés a une couche semiconductrice ................. .108
L AN 4= eto] g Lod=Y o1 {4 (o [ U 1= PP PSPSRPRN .108
11.1 CONSTIULION oo et 108
11.2 EXIGENCES ..ot 108
11.3 AP At ON L e 109
12 Gaine MetalliQUE ... 109
12.1 Gaine de Plomb ..o 109
12.2 Autres gaines MetalliqQUes ... ..o 109
13 ArMUIE METAIIIQUE ..oeeee e e e 109
13.1 Types d’armures métalliques ... 109
13.2 =Y =T = U P 109
13.3 Disposition de armure ... 110

13.3.1 CAabIles UNIPOIaIres ... ..cuueeei e 110


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © CEI:2014

14

15

16

17

— 89 —
13.3.2 Cables tripolaires. .. ..o 110
13.3.3 Gaine de séparation .........oooiiiiiii i 110
13.3.4 Matelas rubané sous armure pour les cables sous plomb ............. 110
13.4 Dimensions des fils et des rubans d’armure ... 111
13.5 Correspondance entre les diamétres des cables et les dimensions des
AITTIUIES Lottt ettt ettt ettt et r e et e et e et e et ea e e aa 111
13.6 Armure de fils ronds ou Meéplats.... ..o 111
13.7 Armure constituée de deux rubans ... 112
LC T 1] [N =Y A (=] F =10 ] P 112
41 GENMeTaMES s 112
14.2 MatEriaU ..o e .112
14.3 EPAISSEUN .. S .113
CONAItIONS A'@SS@IS .vuiiviiiiiiii e e 113
15.1 Température ambiante ... e 113
15.2 Fréquence et forme d’onde des tensions d’essai a fréquenge-industrielle..... .113
15.3 Forme d’onde des tensions d’essai de ChOC ............co.ah )i, .113
15.4 Détermination de la température de I'ame du céble..cs0. i, 113
Essais iNdividUuels ... L .113
16.1 GENETalIteS . ov i A 113
16.2 Résistance électrique des ames.........ooooe o L .114
16.3 Essai de décharges partielles ... .114
16.4 Essai de tension ... .114
16.4.1 GENEIaliteS .o et 114
16.4.2 Méthode d’essai pourides cables unipolaires..........cc.ccooiiiiiiniani. 114
16.4.3 Méthode d'essai pour les cables tripolaires...........ccccooeveviieiinn.. .114
16.4.4 TeNSION A ESSAD, e eueii e .115
16.4.5 E XN CE L .115
16.5 Essai électrique sur, la-gaine extérieure du cable .............cocoiiiiiiiiiiiinnnnn. .115
ESSaiS SUM Pré&levements bl e .115
17.1 GNEralil S o o7 e .115
17.2 Fréquence.des essais sur prélévements ... .115
17.2.1 Examen de I'ame et vérifications dimensionnelles ...................... 115
17.202 Essais électriques et physiques ... .116
17.3 REPELIION desS ©SSaiS . .iuiiiiiiiii .116
17.4 EXamen de "Ame ... .116
17.5 Mesure de I'épaisseur des enveloppes isolantes et des gaines non
métalliques (y compris les gaines de séparation extrudées, mais a
['EXCIUSION des revelements INEIMes EXUTUAES) oo oo e e aeaonnes 116
17.5.1 GNEIaAliteS .o 116
17.5.2 Exigences pour les enveloppes isolantes..........coooooiiiiiiiin. 116
17.5.3 Exigences pour les gaines non métalliques............cocovviiiiiiieneenn. 117
17.6 Mesure de I'épaisseur de la gaine de plomb.........ccooiiiiiiiiiiiiii e 117
17.6.1 GENEIAlItES .o i 117
17.6.2 Méthode «@ Platy .....oeuii i 117
17.6.3 Méthode de I'anneau ..o, 117
17.7 Mesure sur les fils et rubans d’armure ..o 117
17.7.1 Mesure sur 1es filS ... 117
17.7.2 Mesure sur les rubans ... 118

17.7.3 g Lo 1= o (7= 118


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

18

19

-90 - 60502-2 © CEI:2014

17.8 Mesure du diametre exXterieUr ... ..o 118
17.9 Essai de tension pendant 4 h......ooiiiii 118
17.9.1 Echantillonnage ..o 118
17.9.2 Mode OpPeratoire .. ..o 118
17.9.3 TeNSION A'@SS@I..cuuiiiiiiiiiii i 118
17.9.4 EXIgONCES et 118
17.10 Essai d’allongement a chaud des enveloppes isolantes en EPR, HEPR et
PR et des gaines en matériau élastomeérique ............coiiiiiiiiiiiiiii i 119
17.10.1 Mode OPEratOire .....c.oviie e 119
+40-2 Edgerces—rrmmmmmmm—m—m—m 7 7 0 70mm0m0m0m mmm m m  m m 119
ESSAIS de tYPE ElECIIIQUES . cveiei e 119
18.1 GNEIAlITES . oeiii e e e 119
18.2 Cables comportant des écrans sur ame et sur enveloppe isolante '\, .......... .119
18.2.1 GENEralités .......cooeveiiieiieieeeee e W S T 119
18.2.2 Série d'eSSaiS ....icuiiiiiiii e W 119
18.2.3 Dispositions particuliéres.........coccooivino A .120
18.2.4 Essai d'enroulement ... A .120
18.2.5 Essai de décharges partielles ............. i i, .120
18.2.6 Mesure de tan 6 pour les cables de tefision assignée
supérieure ou égale a 6/10 (12) KVA...ooiiiiiii e, .121
18.2.7 Essai de cycles de chauffage..{z....ccooviiiiiiiiii e, 121
18.2.8 Essai aux ondes de choc suivid'un essai de tension .................. 121
18.2.9 Essai de tension pendantd. h.. ... .122
18.2.10 Résistivité des écrans_semiconducteurs ..............cocoociiiiiiinL .122
18.3 Cables de tension assignée 3,8/6 (7,2) kV sans écran sur enveloppe
S OIANTE o B e .122
18.3.1 GNEralites .. e .122
18.3.2 Mesure dea résistance d’isolement a la température
AMDIANEE .122
18.3.3 Mesure-de la résistance d’'isolement a la température
maximale de 'ame ... ... .123
18.3.4 Essai de tension pendant 4 h...........coooiiiiiii i .124
18.3.5 Essai aux ondes de ChOC .......cooiiiiiiii .124
ESsais de type NMON EleCtriQUES ... .124
19.1 BERBIAlIEES .ov it .124
19.2 Mesure de I'épaisseur de I'enveloppe isolante ............coooiiiiiiiiiiiieeneen .124
19.2.1 Echantillonnage ... .124
19.2.2 Mode OPEratOire .......cvieiiie e .124
19.2.3 EXIgENCES et 125
19.3 Mesure de I'épaisseur des gaines non métalliques (y compris les gaines
de séparation extrudées, mais a I'exclusion des revétements internes).......... 125
19.3.1 Echantillonnage ..o 125
19.3.2 Mode OpPeratoire .. ..o 125
19.3.3 g Lo 1= o (7= 125
19.4 Mesure de I'épaisseur de la gaine de plomb.........ccooiiiiiiiii e, 125
19.4.1 EchantillonNage ..........ooveiiiiie oo 125
19.4.2 Mode OPEratOire .....c.iei i 125
19.4.3 EXIgENCES et 125
19.5 Essais de détermination des propriétés mécaniques des enveloppes

isolantes avant et aprés vieillissement ... 125


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © CEI:2014

—-91 -
19.5.1 Echantillonnage ... 125
19.5.2 VieilliSSEMENt ... 125
19.5.3 Conditionnement et essais mécaniques ...........ccccceeveeieiiiineinennnnn. 125
19.5.4 EXIgENCES et 125
19.6 Détermination des propriétés mécaniques des gaines non meétalliques
avant et aprés vieillissement ... 126
19.6.1 Echantillonnage ... 126
19.6.2 VieilliSSEMENt ... 126
19.6.3 Conditionnement et essais mécaniques ............cccoevveiiiiiiiiinennnnn. 126
1964 Edgerces—rrmmmmmmm—m—m—m 7 7 0 70mm0m0m0m mmm m m  m m .126
19.7 Essai additionnel de vieillissement sur trongons de cables complets........0=. .126
19.7.1 GENEralites ... .126
19.7.2 Echantillonnage ..o W N .126
19.7.3 Vieillissement ... L .126
19.7.4 Essais Mé&caniques .......oouveieiiiiii b .126
19.7.5 EXIgences. ..o N, .126
19.8 Essai de perte de masse des gaines en PVC du type ST2 .......covviiiiiiennien. 127
19.8.1 Mode OPEratoire ..o e T 127
19.8.2 EXigences.....coovviiiiiiiiiiie S 127
19.9 Essai de pression a température élevée des enveloppes isolantes et des
gaines non Métalliques ........ccooovieiinicon e .127
19.9.1 Mode OPEratoire .......ceiee e 127
19.9.2 EXIGENCES e A e 127
19.10 Essai a basse température de I'enveloppe isolante en PVC et des gaines
BN PVC Lo 127
19.10.1 Mode OPEratOire Ly .. e 127
19.10.2 EXIQENCES ...l 127
19.11  Essai de résistance a Ja fissuration de I'enveloppe isolante en PVC et
des gaines en PVC (essai de choc thermique) ..........coooiiiiiiiiiiiiiee, .127
19.11.1 MoOdEOPEratoire ... 127
19.11.2 g0 1= o o7 127
19.12 Essai de résistance a I’ozone des enveloppes isolantes en EPR et en
HE P R L e e e 127
19.124 Mode OPeratoire ... 127
19,12.2 EXIgBNCES o i .127
19.13 _(Essai d'allongement a chaud des enveloppes isolantes en EPR, HEPR et
PR et des gaines en matériau élastomeérique ...........ccooveiiiiiiiiiiiiiiien .128
19.14” Essai de résistance a I'huile minérale des gaines en matériau
élastomeérique .128
19.14 1 Mode OPEratOire .....c.oeiie e 128
19.14.2 EXIgENCES et 128
19.15 Essai d’absorption d’eau des enveloppes isolantes............cccoeviiiiiiiiiineann, 128
19.15.1 Mode OPEratOire .....c.oeiie e 128
19.15.2 EXIgENCES et 128
19.16  Essai de résistance a la propagation de la flamme sur cable seul .................. 128
19.17 Mesure du taux de noir de carbone des gaines en PE de couleur noire.......... 128
19.17 1 Mode OPEratOire .....c.iei i 128
19.17.2 EXIgENCES et 128
19.18 Essai de rétraction des enveloppes isolantes en PR ... 128

19.18 .1 Mode OPEratOire .......ouiie e 128


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

-92 - 60502-2 © CEI:2014

19.18.2 EXIgONCES et
19.19 Essai de stabilité thermique de I'enveloppe isolante en PVC...............ccoeniil.
19.19.1 Mode OPEratOire .....c.eeiie e
19.19.2 EXIgENCES et
19.20 Détermination de la dureté de I'enveloppe isolante en HEPR .........................
19.20.1 Mode OpPeratoire .. ..o
19.20.2 g Lo 1= o (7=
19.21  Détermination du module d’élasticité de I’enveloppe isolante en HEPR..........
19.21.1 Mode OpPeratoire .. ..o
T9.2T.2 EXTGONCES oo e s .
19.22  Essai de rétraction des gaines extérieures en PE ... .
19.22.1 Mode OPEratoire .......oeieiiii e .
19.22.2 EXIQENCES ..o e .
19.23 Essai de pelabilité de I'écran sur enveloppe isolante............... L. .
19.23.1 Géneéralites ......ccooeviiiiiiiiii e .
19.23.2 Mode opératoire .......oooiieiiiiiiii e N .
19.23.3 EXIgENCES i R e .
19.24  Essai de pénétration d'eau..........oooiiii i )
20 [Essais électriques aprés PoOSe .....oovvviveiiiiiiiiii e N .
0.1 GENEralites ..o O .
0.2 Essai sous tension continue de la gaineextérieure ............ccooiviiiiiiiinnnn. .
0.3 Essai de 'enveloppe isolante ... .. ... 8 )
20.3.1 Essai sous tension alternative ... .
20.3.2 Essai sous tension cantinue ..........c.oooiiiiiiiii .
Anngxe A (normative) Méthode du calcul fictif pour déterminer les dimensions des
revétiements de proteCtion. ... ... s e .
A.1 LT 1= = L1 = .
A.2 Y=Y { o Yo L= PPN .
A.2.1 AMES CONAUCEIICES ..eiieiiii e .
A.2.2 (70T T | o2 1= U1 - .
A.2.3 Diamétre sur conducteurs assemblés ... .
A.2.4 Revétements internes ... ... .
A.2.5 Ames concentriques et écrans métalliques ..............ccoiiii. .
A2:6 Gaine de plomb ... .
A.2.7 Gaine de séparation ... .
A.2.8 Matelas rubané ... .
A.2.9 Matelas supplémentaire pour les cables avec armure de
rubans (dispose surte revétementimterme)
A.2.10 AU Lo e
Annexe B (informative) Tableaux des courants admissibles en régime permanent pour
des cables ayant une enveloppe isolante extrudée et une tension assignée de 3,6/6 kV
A 18730 KV i e anns
B.1 LT =T =Y L1 =
B.2 Constructions des CADIES ...
B.3 BIN=T g T o= = L A8l
B.4 Reésistivité thermique du SOl ...
B.5 Méthodes d’installation ...
B.5.1 GNEIalites . ot
B.5.2 Cables unipolaires dans l'air..........ccocceeiiiiiiiiii e


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © CEI:2014

— 03 —
B.5.3 Cables unipolaires directement enterrés............coooeiiiiiiiiiinnl. 144
B.5.4 Cables unipolaires installés dans des conduits en terre cuite........ 144
B.5.5 Cables tripOlairesS......veeee e 145
B.6 Raccordement d’ECran ... 145
B.7 Charge du CADIE ... 145
B.8 Facteurs de charge pour des circuits groupés .........ccccoveiiiiiiiiiici e 145
B.9 Facteurs de COrreCtion ..o 146
Annexe C (normative) Arrondissement des NOMDbres..........coiiiiiiiiiiiiii i 161
C.1 Arrondissement des nombres pour I'utilisation de la méthode du calcul
Ot .161
.2 Arrondissement des nombres pour d'autres utilisations......................a 0 .161
Anngxe D (normative) Méthode de mesure de la résistivité des écrans
SEMICONAUCTEUIS ..o e B Y .163
Anngxe E (normative) Détermination de la dureté des enveloppes isolantes en-HEPR..... .166
= Eprouvette ... g .166
-2 Procédure d'eSSai ....cuviuiiiiiiei e N .166
E.2A1 GENEralites ... D e .166
E.2.2 Surfaces de grand rayon de courbure ... .166
E.2.3 Surfaces de petit rayon de courbures /..o .166
E.2.4 Conditionnement et température d'€ssai.............cceeeveeiieiiiiinnnnn. .167
E.2.5 Nombre de MeSUIeS ... e .167
Anngxe F (normative) Essai de pénétration d'eau .. /. i .169
.1 Y o] o U LY =1 = P .169
.2 ESSaI et .169
-.3 EXIGENCES ..o e .170
Anngxe G (informative) Détermination de la température de I'ame du cable.................... 171
(5.1 L@ o =T o ) e P 71
5.2 Etalonnage de la température de la boucle d'essai principale ...................... 171
G.2.1 GENBIANIES . e 171
G.2.2 Montage du cable et des capteurs de température...................... 171
G.2.3 Méthode d'étalonnage .........coeeeiiiiiii 173
(5.3 Chauffage’ POUN I'@SS @I «.uuiiiiiieiii e 174
G.34 Méthode 1 — Utilisation d'un cable de référence............cc..cceeeenee. 174
G.3.2 Méthode 2 — Utilisation du calcul et de mesures de la
température de surface pour déterminer la température de
= T o = P 174
L] o] 1T T = ¥ 1 o L= S .176
Figure B.1 — Cables unipolaires dans P'air ..o 144
Figure B.2 — Cables unipolaires directement enterrés ...........ccooviiiiiiiii i 144
Figure B.3 — Cables unipolaires en conduits en terre cuite.............cooeviiiiiiiiiiiiie e 144
Figure B.4 — CaADIes tripOlaires .. ....oiu i 145
Figure D.1 — Préparation des échantillons pour la mesure de la résistivité des écrans
sur ame et sur enveloppe iSOlaNte ... 165
Figure E.1 — Essai des surfaces de grand rayon de courbure................coooiiiiiiiiiiiin e, 167
Figure E.2 — Essai des surfaces de petit rayon de courbure..............ccooiiiiiiiiiiiincn e 168

Figure F.1 — Schéma de principe de 'appareillage pour I’essai de pénétration d’eau .......... 170


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

- 94 - 60502-2 © CEI:2014

Figure G.1 — Montage typique de la boucle de référence et de la boucle principale

Lo ST T PN 172
Figure G.2 — Exemple de mise en place des capteurs de température sur I'dme de la

DOUCIE A FETEIENCE .. e ettt e e e e e 173
Tableau 1 — Tensions assignées recommandées UQ .........oouviiiiiiiiiiniiiii e 102
Tableau 2 — Mélanges 1SOIaNTS .. ..o e 102

Tableau 3 — Températures maximales de I'dme pour les différents types de mélanges
(15T ] F= T 01 € PP PPRPRR 103

Tablg¢au 4 — Températures maximales de I'dme pour les différents types de mélanges

¢au 6 — Epaisseur nominale de I'’enveloppe isolante en polyéthyléne réticute (PR) ....|.104
¢au 7 — Epaisseur nominale de I’enveloppe isolante en caoutchouc d’éthyléne

Iéne (EPR) et caoutchouc d’éthyléne propyléne dur (HEPR) ........;y2. . .105
¢au 8 — Epaisseur du revétement interne extrudé................ L ST .107
¢au 9 — Diametre nominal des fils d’armure ronds .............c.... MO i 111
¢au 10 — Epaisseur nominale des rubans d’armure .........<{ i 111
¢au 11 — Tension des essais individuels ... S .115
¢au 12 — Nombre d’échantillons pour essais sur prélévements...............coooiin. .116
¢au 13 — Tension des essais sur prélevements S e .118
¢au 14 — Tensions d'essai aux ondes de ChOCH ... ..cuu i 121

¢au 15 — Exigences pour les essais de type électriques pour les mélanges isolants...|.132
¢au 16 — Essais de type non électriques ... ... i .132

¢au 17 — Exigences d'essai pour les-propriétés mécaniques des mélanges pour
oppes isolantes (avant et aprés, vieillissement) ..........cccooiiiiiiiiii i .133

¢au 18 — Exigences d’essaipour les propriétés particulieres des mélanges a base
C pour enVElOPPES 1SOLANEES . .....cuiiiiiii e .133

¢au 19 — Exigences d'essai pour les propriétés particuliéres des divers mélanges
[€s pour enveloppeSNSOIaNtES ... i .134

¢au 20 — Exigences d’essai pour les propriétés mécaniques des mélanges pour
g¢s (avant et aprés vieillisSement) . ... .134

¢au 21 — Exigences d'essai pour les propriétés particuliéres des mélanges a base
€ PV C POUMGAINES ..ottt ettt ettt et e et e e e e e aeas .135

Tableau 23 — Exigences d'essai pour les propriétés particulieres de mélanges

ElasStOMENIQUES POUN QAINES ..iuiiiiiii e et et e et e e et e et et e et e e e aaenen 136
Tableau A.1 — Diameétre fictif des Ames. ... ..o 138
Tableau A.2 — Augmentation de diamétre pour les ames concentriques et les écrans

Y= 7= 11T LU= PP 139
Tableau A.3 — Augmentation de diamétre pour le matelas supplémentaire.......................... 141
Tableau B.1 — Sections nominales d’€Cran..........cc.iiiuiiiiiiii e 142

Tableau B.2 — Courants admissibles pour des cables unipolaires avec une enveloppe
isolante en PR — Tensions assignées de 3,6/6 kV a 18/30 kV * — Ame en cuivre................. 146

Tableau B.3 — Courants admissibles pour des cables unipolaires avec une enveloppe
isolante en PR — Tensions assignées de 3,6/6 kV a 18/30 kV * — Ame en aluminium .......... 147


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

60502-2 © CEI:2014

— 95—
Tableau B.4 — Courants admissibles pour des cables unipolaires avec une enveloppe
isolante en EPR — Tensions assignées de 3,6/6 kV a 18/30 kV * — Ame en cuivre............... 148

Tableau B.5 — Courants admissibles pour des cables unipolaires avec une enveloppe
isolante en EPR — Tensions assignées de 3,6/6 kV a 18/30 kV * — Ame en aluminium ........ 149

Tableau B.6 — Courants admissibles pour des cables tripolaires avec une enveloppe
isolante en PR — Tensions assignées de 3,6/6 kV a 18/30 kV * — Ame en cuivre, cable
ArME B NON AIMIE ..o e e e e e et 150

Tableau B.7 — Courants admissibles pour des cables tripolaires avec une enveloppe
isolante en PR — Tensions assignées de 3,6/6 kV a 18/30 kV * — Ame en aluminium,
Lor=] o] L= Vo0 0 1= Y=Y A T Y =1 o .41 P 151

Tabl¢au B.8 — Courants admissibles pour des cables tripolaires avec une enveloppe
isolapte en EPR — Tensions assignées de 3,6/6 kV a 18/30 kV * — Ame en cuivre,
cablg armé et NON armé ... .. e e .152

Tablgau B.9 — Courants admissibles pour des cables tripolaires avec une enveloppe
isolapte en EPR — Tensions assignées de 3,6/6 kV a 18/30 kV * — Ame en aluUminium,

Ccablg armeé et NON ArME . ..o S .153
Tablg¢au B.10 — Facteurs de correction pour des températures de I'air @ambiant autres

GUE B0 O o ek et .153
Tabl¢au B.11 — Facteurs de correction pour des températures du sel ambiant autres

QUE 20 %O e .154
Table¢au B.12 — Facteurs de correction pour des profondeurs_de pose autres que

0,8 m pour des cables directement enterrés........ooooii o e .154

Tablg¢au B.13 — Facteurs de correction pour des profondeurs de pose autres que
0,8 N pour des cables en CONAUILS ......o.iiieiii i .154

Tablg¢au B.14 — Facteurs de correction pour des«résistivités thermiques de sol autres
que 1,5 K:-m/W pour des cables unipolaires diréctement enterrés ...............ccooiiiiiilL .155

Tabl¢au B.15 — Facteurs de correction pour des résistivités thermiques de sol autres
que 1,5 K-m/W pour des cables unipolaires en conduits enterrés............coceeveiiiiiiiiinanns. .155

Tablg¢au B.16 — Facteurs de correction pour des résistivités thermiques de sol autres
que 1,5 K-m/W pour des cables tripolaires directement enterrés .............cocoeiiiiiiininnn.. .156

Tablg¢au B.17 — Facteurs de corréction pour des résistivités thermiques de sol autres
que 1,5 K:-m/W pour des cables tripolaires en conduits enterrés ............cccooiiiiiiiiiiinnn.. .156

Tablg¢au B.18 — Facteurs'\de correction pour des groupes de cables tripolaires en
nappe directement ENEEITES ... .157

Tablgau B.19 — Facteurs de correction pour des groupes de circuits triphasés
composés de cables unipolaires directement enterrés ..........cocooiiiiiiiiii i .157

Tablg¢au B.20 = Facteurs de correction pour des groupes de cébles tripolaires en
condits @ passage SiIMpPle €N NAPPE ..o .158

Tablgeau’B.21 — Facteurs de correction pour des groupes de circuits triphasés de

Cébl o UIIipU:diIUD CTl bUIIdUitD C‘J pasosdadyt DEIII'J:C ................................................................ 158

Tableau B.22 — Facteurs de réduction pour des groupes de plus d’un cable multipolaire
dans l'air — A appliquer a la capacité de charge d’un cable multipolaire dans I'air libre ....... 159

Tableau B.23 — Facteurs de réduction pour des groupes de plus d’un circuit de cables
unipolaires (Note 2) — A appliquer a la capacité de charge d’un circuit de cables
unipolaires dans Pair Dre ... e 160


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

- 96 - 60502-2 © CEIl:

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CABLES D'ENERGIE A ISOLANT EXTRUDE
ET LEURS ACCESSOIRES POUR DES TENSIONS ASSIGNEES
DE 1 kV (U, = 1,2 kV) A 30 KV (U, = 36 kV) —

Partie 2: Cables de tensions assignées de 6 kV
(Un=7,2kV)a30kV (U,, =36 kV)

2014

AVANT-PROPOS

La] Commission Electrotechnique Internationale (CEIl) est une organisation mondiale.'de normali
composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux dewla CEIl). La
pour objet de favoriser la coopération internationale pour toutes les questions de normalisation da
domaines de I'électricité et de I'électronique. A cet effet, la CEl — entre autres activités”— publie des N
rnationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessib

organisations internationales, gouvernementales et non gouvernementales, €nliaison avec la CEl, parti
égplement aux travaux. La CEl collabore étroitement avec I'Organisation Internationale de Normalisation
selon des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de la CEl concernant les questions.techniques représentent, dans la n
du| possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de
intéressés sont représentés dans chaque comité d’études.

Lep Publications de la CEIl se présentent sous la forme d€_recommandations internationales et sont ag
comme telles par les Comités nationaux de la CEIl. Tous«les efforts raisonnables sont entrepris afin que
s'gssure de I'exactitude du contenu technique de ses publications; la CEl ne peut pas étre tenue respo
del|I'éventuelle mauvaise utilisation ou interprétation qui‘en est faite par un quelconque utilisateur final.

Ddns le but d'encourager l'uniformité internationale, fes Comités nationaux de la CEIl s'engagent, dans tg
m¢sure possible, a appliquer de fagon transparente les Publications de la CEIl dans leurs public
nationales et régionales. Toutes divergences® entre toutes Publications de la CEl et toutes publig
nafionales ou régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

La| CEl elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépef
fodirnissent des services d'évaluation de conformité et, dans certains secteurs, acceédent aux marqu
copformité de la CEI. La CEIl .nlest responsable d'aucun des services effectués par les organism
ceftification indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication].

Aycune responsabilité .ne- doit étre imputée a la CEl, a ses administrateurs, employés, auxiliair
mandataires, y compris _ses experts particuliers et les membres de ses comités d'études et des C
nafionaux de la CEI} _pour tout préjudice causé en cas de dommages corporels et matériels, ou de touf
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de| justice) et les ‘dépenses découlant de la publication ou de I'utilisation de cette Publication de la CEI
todite autre Publication de la CEl, ou au crédit qui lui est accordé.
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I'objet de droits de brevet. La CEI ne saurait €tre tenue pour responsable de ne pas avoir identifié de fels
de brevets et de ne pas avoir signalé leur existence.

droits

La Norme internationale CEIl 60502-2 a été établie par le comité d'études 20 de la CEl:
Cables électriques.

Cette troisieme édition annule et remplace la deuxiéme édition publiée en 2005 et constitue
une révision technique.

Des changements techniques significatifs ont été apportés par rapport a la deuxieme édition:

a) une procédure de calcul simplifié pour I'épaisseur de la gaine de plomb et de la gaine

extérieure;

b) un nouveau paragraphe concernant la détermination de la température de 'dme du céble;
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ne procédure modifiée des essais individuels de tension;

d) un nouveau paragraphe concernant I’essai individuel électrique de la gaine extérieure;

e) les exigences modifiées pour les gaines non meétalliques y compris une couche semi-
conductrice;

f) les tolérances modifiées concernant I'essai d’enroulement d’un cylindre d’essai;

g) l'ajout d’'un essai sous 0,1 Hz aprés l'installation.

De plus, la structure modifiée de la série CElI 60811 est adoptée dans cette troisiéme édition.

Les
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Fiques a isolant extrudé et leurs accessoires pour des tensions assignées de 1 kV
V) a 30 kV (U, = 36 kV), peut étre consultee'sur le site web de la CEI.
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Domaine d'application

ésente partie de la CEI 60502 spécifie la constitution, les dimensions et les ‘exigg
ais des cables d’énergie a isolation extrudée par diélectriques massifs;.’de ten
nées de 6 kV a 30 kV, pour installations fixes telles que les réseaux de-distributid
stallations industrielles.
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parti¢, dans le présent documenti et sont indispensables pour son application. Pou
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e d’eau radiale. Les cables dont la conception est déclarée’ comporter une ba
chéité longitudinale a I'eau et les essais qui y correspondent sont inclus dans
de la CEI 60502.

ables destinés a des conditions particulieres d'installations et de service ne son
5, par exemple, les cables pour réseaux aériens, pour l'industrie miniére, pou
ales nucléaires (a l'intérieur et a I'extérieur_de I'enceinte de confinement), les c
marins ou les cables de bord des navires.

Références normatives

locuments suivants sont cités en référence de maniére normative, en intégralité g

bnces datées, seule I'édition citée s’applique. Pour les références non datée

dernigre édition du document de référence s’applique (y compris les éven
amendements).

CEI 60038, Tensionsnormales de la CEI

CEI 60060-1, Techniques des essais a haute tension —Partie 1: Définitions et exige
généyales
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la conception des cables, il est recommandé de tenir compte @du-risque possible d’'une
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nces

IEC 60060=3; High-voltage test techniques — Part 3: Definitions and requirements for on-site

testingAdisponible en anglais seulement)

CEI 60183, Guide pour le choix des cables a haute tension

CEIl 60228, Ames des céables isolés

CEIl 60229:2007, Cable électriques — Essais sur les gaines extérieures extrudées avec
fonction spéciale de protection

CEIl 60230, Essais de choc des céables et de leurs accessoires

CEI 60287-3-1, Céables électriques — Calcul du courant admissible — Partie 3: Sections
concernant les conditions de fonctionnement — Section 1: Conditions de fonctionnement de
référence et sélection du type de cable
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CEI 60332-1-2, Essais des cables électriques soumis au feu — Partie 1-2: Essai de
propagation verticale de la flamme sur conducteur ou céble isolé — Procédure pour flamme a
prémélange de 1 kW

CEI 60811 (toutes les parties), Céables électriques et a fibres optiques — Méthodes d’essai
pour les matériaux non-métalliques

CEI 60811-201, Cables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 201: Essais généraux — Mesure de I’épaisseur des enveloppes
isolantes

CEI 60811-202, Cables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 202: Essais généraux — Mesure de ['épaisseur des gaines non
métafliques

CEI 60811-203, Cébles électriques et a fibres optiques — Méthodes d’essai pour les¢matélriaux
non-métalliques — Partie 203: Essais généraux — Mesure des dimensions extérieures

CEI 60811-401, Cébles électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 401: Essais divers — Méthodes de vieillissement thermique -
Vieilljssement en étuve a air

CEI 60811-402, Cébles électriques et a fibres optiques — Méthodes-d’essai pour les matériaux
non-métalliques — Partie 402: Essais divers — Essais d’absorption d'eau

CEI 60811-403, Céables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 403: Essais divers — Essai de réSistance a I'ozone sur les mélanges
réticllés

CEI 60811-404, Céables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 404: Essais divers — Essais de résistance a I’huile minérale podr les
gaings

CEI 60811-405, Cébles électriques et a fibres optiques — Méthodes d’essai pour les matélriaux
non-métalliques — Partie 405: Essai§; divers — Essai de stabilité thermique pouf les
enveloppes isolantes et gaines en PVE

CEI 60811-409, Céables électriqués et a fibres optiques — Méthodes d’essai pour les matélriaux
non-métalliques — Partie 409:Essais divers — Essai de perte de masse des enveldppes
isolahtes et gaines thermoplastiques

CEI 60811-501, Céables.€lectriques et a fibres optiques — Méthodes d’essai pour les matélfriaux
non-métalliques — Rartie 501: Essais mécaniques — Détermination des propriétés mécaniques
des mélanges pour les enveloppes isolantes et les gaines

CEI 60811-502,Cébles électriques et a fibres optiques — Méthodes d’essai pour les matéyriaux
non-métalliques — Partie 502: Essais mécaniques — Essai de rétraction des envelgppes
isolaptes

AQ 44 -

CE| 6681t1=508Cabfesefectriques et a fibres optigques = Methodes dressar pour fes nateériaux
non-métalliques — Partie 503: Essais mécaniques — Essai de rétraction des gaines

CEI 60811-504, Cébles électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 504: Essais mécaniques — Essai d’enroulement a basse température
pour les enveloppes isolantes et les gaines

CEI 60811-505, Céables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 503: Essais mécaniques — Essai d’allongement a basse température
pour les enveloppes isolantes et les gaines

CEI 60811-506, Céables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 506: Essais mécaniques — Essai de choc a basse température pour
les enveloppes isolantes et les gaines
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CEI 60811-507, Cébles électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 507: Essais mécaniques — Essai d’allongement a chaud pour les
matériaux réticulés

CEI 60811-508, Cables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 508: Essais mécaniques — Essai de pression a température élevée
pour les enveloppes isolantes et les gaines

CEI 60811-509, Cébles électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 509: Essais mécaniques — Essai de résistance a la fissuration des
enveloppes isolantes et des gaines (essai de choc thermique)

CEI $0811-605, Cables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 605: Essais physiques — Mesure du taux de noir de carbaong et/ou
des ¢harges minérales dans les mélanges en polyéthylene

CEI 60811-606, Cables électriques et a fibres optiques — Méthodes d’essai pour les matériaux
non-métalliques — Partie 606: Essais physiques — Méthodes de détermination de la masse
volumique

CEI 60853 (toutes les parties), Calcul des capacités de transport des-¢ébles pour les régimes
de charge cycliques et de surcharge de secours

CEIl 60853-2, Calcul des capacités de transport des cablés pour les régimes de charge
cycliques et de surcharge de secours — Partie 2: Régifme cyclique pour des cébles de
tensipns supérieures a 18/30 (36) kV et régimes de/sécours pour des cables de toputes
tensipns

CEIl 60885-3, Méthodes d’essais électriques pouriyles cables électriques — Partie 3: Méthodes
d’esqais pour mesures de décharges partielles sur longueurs de cébles de puisdance
extrudés

CEIl 60986, Limites de température .de" court-circuit des cables électriques de tengions
assignees de 6 kV (U, = 7,2 kV) a 30-kV (U, = 36 kV)

ISO 48, Caoutchouc vulcanisé~ou thermoplastique — Détermination de la dureté (dureté
comgprise entre 10 DIDC et 100.DIDC)

3 Termes et définitions
Pour|les besoins du-présent document, les termes et définitions suivants s'appliquent.

3.1 | Définitions de valeurs dimensionnelles (épaisseurs, sections, etc.)

3.11
valedr'nominale
valeur par laquelle une grandeur est dénommeée et qui est souvent utilisée dans les tableaux

Note 1 a l'article: Reégulierement, dans cette norme, les valeurs nominales correspondent a des valeurs qui sont
vérifiées par des mesures, compte tenu des tolérances spécifiées.

3.1.2

valeur approximative

valeur qui n'est ni garantie ni vérifiée; elle est utilisée, par exemple, pour le calcul d'autres
dimensions

3.1.3

valeur médiane

quand plusieurs résultats d'essais sont obtenus et classés par ordre de valeurs croissantes
(ou décroissantes), la valeur médiane est la valeur du milieu de la série si le nombre de
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valeurs disponibles est impair, et la moyenne arithmétique des deux valeurs centrales de la
série si le nombre est pair

3.1.4
valeur fictive
valeur calculée suivant la «méthode du calcul fictif» définie a ’Annexe A

3.2 Définitions relatives aux essais

3.21

essais individuels
essals effectués par le fabricant sur chacune des longueurs de cable produit afin de vérifier
gue ¢haque longueur répond aux caractéristiques spécifiées

3.2.2
essajs sur préléevements
essals effectués par le fabricant sur des échantillons de cable complet ou sur| des
constituants prélevés sur cable complet, a une fréquence spécifiée, afin"de vérifier qlie le
produit fini répond aux caractéristiques spécifiées

3.2.3
essajs de type
essals effectués avant la livraison sur une base commerciale générale d'un type de ¢able
concgerné par cette norme, afin de démontrer que ses caractéristiques répondent aux applica-
tions|prévues

Note 1 a l'article: Ces essais sont de telle nature qu'apréshavoir été effectués, il n'est pas nécessaire fle les
répétdr, a moins que des modifications n'aient été introddites dans les matériaux, dans la conception du caple ou
dans I procédé de fabrication, susceptibles d’en modifierles caractéristiques.

3.2.
essajs électriques aprés pose
essals effectués pour vérifier I'intégrité.du cable et de ses accessoires aprés la pos

4 Pésignation des tensions et des matériaux

4.1 | Tensions assignées
Les tensions assignées Uy/U (Uyy) des cébles concernés par cette norme sont les suivantes:
Uy/U (Ug) = 3,6/6 (7,2) — 6/10 (12) — 8,7/15 (17,5) — 12/20 (24) — 18/30 (36) kV.

NOTE| Les tehsions indiquées ci-dessus constituent les désignations correctes, bien que d'autres désignfations
soient]utilisees dans certains pays, par exemple 3,5/6 — 5,8/10 — 11,5/20 — 17,3/30 kV.

Dans la désignation des tensions des cables Up/U (Up,):

Uy est la tension assignée a fréquence industrielle entre chacun des conducteurs et la
terre, ou I'écran métallique, pour laquelle le cable est congu;

U est la tension assignée a fréquence industrielle entre conducteurs, pour laquelle le
cable est congu;

Uy est la valeur maximale de la «tension la plus élevée du réseau» pour laquelle le
matériel peut étre utilisé (voir CEl 60038).

Pour une application donnée, la tension assignée d'un cable doit étre adaptée aux conditions
d'exploitation du réseau dans lequel il est utilisé. Pour faciliter le choix du cable, les réseaux
sont divisés en trois catégories:
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cette catégorie comprend les réseaux dans lesquels tout conducteur de
phase qui entre en contact avec la terre ou avec un conducteur de terre est
déconnecté du réseau en moins de 1 min;

cette catégorie comprend les réseaux qui, en régime de défaut, continuent a
étre exploités pendant un temps limité avec une phase a la terre. Selon la
CEI 60183, il convient que cette durée ne dépasse pas 1 h. Pour les cables
concernés par cette norme, une durée plus longue peut étre tolérée, ne
dépassant cependant 8 h en aucun cas. |l convient que la durée cumulée
des défauts a la terre sur une année quelconque ne dépasse pas 125 h;

cette catégorie comprend tous les réseaux qui n'entrent pas dans l'une des
Pafégnrine AouB

Il co

wvient d'avoir a I'esprit que, dans un réseau ou un défaut a la terre n'est pas”éliminé

automatiquement et rapidement, les contraintes supplémentaires supportées par l'isolation

des

prop
la tern

Les
indiq

4.2

Les f
ainsi

cables pendant la durée du défaut réduisent la vie de ceux-ci danps ‘une certaine
brtion. S’il est prévu que le réseau fonctionne assez souvent avec un défaut permangnt a
re, il peut étre prudent de classer le réseau dans la catégorie C.

aleurs recommandées de Ug pour les cables utilisés dans les_réseaux triphasés|sont
Liées au Tableau 1.

Tableau 1 — Tensions assignées recommandées Uy

Tension la plus élevée Tension assignée (U,)
du réseau (U,,)
kV Catégories Aet'B Catégorie C
7,2 3,6 6,0
12,0 6,0 8,7
17,5 8,7 12,0
24,0 12,0 18,0
36,0 18,0 -

Mélanges isolants

ypes de mélanges’isolants concernés par cette norme sont énumeérés dans le Tablepu 2,
que leurs désighations abrégées.

Tableau 2 — Mélanges isolants

Mélange isolant Désig’ria'tion
abrégée
a) Thermoplastique:
polychlorure de vinyle pour les cables de tension assignée Uy/U = 3,6/6 kV PVC/B *
b) Réticulé:
caoutchouc d’éthyléne propyléne ou matériau similaire (EPM ou EPDM) EPR
caoutchouc d’éthyléne propyléne dur ou a module élevé HEPR
polyéthyléne réticulé PR
*  Le mélange isolant a base de polychlorure de vinyle destiné aux cables de tension assignée
Uy/U < 1,8/3 kV est désigné PVC/A dans la CEI 60502-1.
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Pour les différents types de mélanges isolants concernés par cette norme, les températures
maximales de I'dme sont données dans le Tableau 3.

Tableau 3 — Températures maximales de I’ame pour les différents types
de mélanges isolants

Température maximale de I'ame
°C

Mélange isolant
. Court-circuit
Service normal < L
(durée maximale 5 s)
Polychlorure de vinyle (PVC/B)
Section d'ame <300 mm?2 70 160
Section d'ame >300 mm?2 70 14Q
Polyéthyléne réticulé (PR) 90 250
Caputchouc d’éthyléne propyléne (EPR et HEPR) 90 250
Les {empératures indiquées dans le Tableau 3 sont basées sur les propriétés intrinséques
des matériaux isolants. Il est important de prendre en compte d'auires facteurs lorsque ces
valeyrs sont utilisées pour le calcul d’intensités admissibles.
ParrIxemple, en service normal, si un cable enterré directement dans le sol est exploifé en
régime permanent (facteur de charge de 100 %) a, la)température maximale de [‘&me
condpctrice indiquée dans le tableau, la résistivité thermique du sol environnant peut|a la
longue, dépasser sa valeur initiale par I'effet du dessechement qui en résulte. La tempérpture
de lI'ame risque alors de dépasser largement la valeur maximale. Si de telles conditions de
service sont envisagées, des précautions appropriees doivent étre prises.
Pour|des indications sur les courants admissibles en régime permanent, il convient de se
référer a I’Annexe B, qui comprend les Tableaux B.2 a B.9, concernant les courants
admipsibles dans des conditions de pose normales et les Tableaux B.10 a B.23, concefnant
les facteurs de correction pour des conditions de pose particuliéres.
Pour| des indications sur les.:températures de court-circuit, il convient de se référer|a la
CEl $0986.
4.3 | Mélanges pour gaine
Pour| les différents types de mélanges pour gaine concernés par cette norme| les
tempgratures maximales de I'ame sont données dans le Tableau 4.
Tableau 4 — Températures maximales de I'ame pour les différents types
de mélanges pour gaine
Température
. . Désignation maximale de I'dme
Mélange pour gaine abrégée en service normal
°C
a) Thermoplastique:
polychlorure de vinyle (PVC) ST, 80
ST, 90
polyéthyléne ST, 80
ST, 90
b) Elastomere:
polychloropréne, polyéthyléne chlorosulfoné ou polyméres SE; 85
similaires
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5 Ames conductrices

Les ames doivent étre soit de classe 1 soit de classe 2 en cuivre recuit, nu ou revétu d'une
couche meétallique, ou en aluminium nu ou en alliage d'aluminium conformément a la
CEI 60228. Pour les ames de classe 2, des dispositions peuvent étre prises pour rendre
celles-ci étanches longitudinalement.

6 Enveloppe isolante

6.1

L'eny

énumeérés dans le Tableau 2.

Matériau

eloppe isolante doit étre constituée d'un diélectrique massif extrudé, de I'un des f{

ypes

6.2 | Epaisseur de I'enveloppe isolante
Les épaisseurs nominales de I'enveloppe isolante sont spécifiées dansyles Tableaux 5 a 7.
L'épgisseur d'un éventuel séparateur, ou d'un écran semiconducteur sur &me oy sur
enve|oppe isolante, ne doit pas étre comprise dans celle de l'ényveloppe isolante.
Tableau 5 — Epaisseur nominale de I’enveloppe isolante en PVC/B
Section nominale de I’ame Epaisseur nominale de I’enveloppe isolante
mm2 a la tension assignée 3,6/6 (7,2) kV
mm
10 a 1600 3,4
NOTH 1 L'emploi d'dmes conductrices de segtion inférieure a celles indiquées dans ce tableau n'esfl pas
consdillé. Toutefois, si une ame de section inférieure est nécessaire, il faut soit augmenter le diamétre de [ame
par up écran sur ame (voir 7.2), soit majorer "épaisseur de I'enveloppe isolante de maniére a limiter le gradient
électrjqgue maximal, appliqué a I'enveloppe.isolante sous la tension d'essai, aux valeurs calculées pour Ila|plus
petite|section d'ame indiquée dans ce tableau.
NOTH 2 Pour des ames de sections: supérieures a 1 000 mm?, I'épaisseur de lI'’enveloppe isolante peut| étre
augmpntée afin d’éviter un quelconqgue dommage mécanique pendant I'installation et en exploitation.
Tableau 6 — Epaisseur nominale de I’enveloppe isolante en polyéthyléne réticulé (PR)
Seg¢tion nominale Epaisseur nominale de I'enveloppe isolante a la tension assignée
de I'ame U,lU (Ug,)
3,6/6 (7,2) kV 6/10 (12) kV 8,7/15 (17,5) kV 12/20 (24) kV 18/30 (36) kV
mm?2 mm mm mm mm mm
10 2,5 - - - -
16 2,5 3,4 - - _
25 2,5 3,4 4,5 - -
35 2,5 3,4 4,5 5,5 -
50 a4 185 2,5 3,4 4,5 5,5 8,0
240 2,6 3,4 4,5 5,5 8,0
300 2,8 3,4 4,5 5,5 8,0
400 3,0 3,4 4,5 5,5 8,0
500 a 1 600 3,2 3,4 4,5 5,5 8,0
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NOTE 1 L'emploi d'ames conductrices de section inférieure a celles indiquées dans ce tableau n'est pas
conseillé. Toutefois, si une d&me de section inférieure est nécessaire, il convient soit d’augmenter le diamétre de
I'dme par un écran sur dme (voir 7.2), soit de majorer I'épaisseur de I'enveloppe isolante de maniére a limiter le
gradient électrique maximal, appliqué a I'enveloppe isolante sous la tension d'essai, aux valeurs calculées pour
la plus petite section d'dme indiquée dans ce tableau.

NOTE 2 Pour des ames de sections supérieures a 1 000 mm?, I’épaisseur de I’enveloppe isolante peut étre
augmentée afin d’éviter un quelconque dommage mécanique pendant I'installation et en exploitation.

Tableau 7 — Epaisseur nominale de I’enveloppe isolante en caoutchouc d’éthyléne
propyléne (EPR) et caoutchouc d’éthyléne propyléne dur (HEPR)

Epaisseur nominale de I'enveloppe isolante a la tension assignée
UolU (Up)
Slection nominale 3,6/6 (7,2) 6/10 (12) | 8,7/15 (17,5) | 12/20 (24)/| 18/30{36)
de I'ame kV kV kV kV kV
Sans écran Avec écran
mm2 mm mm mm mm mm mn
10 3,0 2,5 - - - —
16 3,0 2,5 3,4 ~ - _
25 3,0 2,5 3,4 4)5 - -
35 3,0 2,5 3,4 4,5 5,5 -
50 a 185 3,0 2,5 3,4 4,5 5,5 8,(
240 3,0 2,6 354 4,5 5,5 8,(
300 3,0 2,8 3,4 4,5 5,5 8,(
400 3,0 3,0 3,4 4,5 5,5 8,(
500 a 1 600 3,2 3,2 3,4 4,5 5,5 8,(

NOTHE 1 L'emploi d'ames conductrices de section inférieure & celles indiquées dans ce tableau n'est|pas
consgillé. Toutefois, si une ame de section inférfieure est nécessaire, il convient soit d’augmenter le diametre de
I'dme| par un écran sur ame (voir 7.2), soit de.majorer I'épaisseur de I'enveloppe isolante de maniére a limiter le
gradignt électrique maximal, appliqué a l'enveloppe isolante sous la tension d'essai, aux valeurs calculées pour
la plus petite section d'ame indiquée dans‘ee tableau.

NOTHE 2 Pour des dmes de sections’/supérieures a 1 000 mm?, I’épaisseur de I’enveloppe isolante peut|étre
augmeentée afin d’éviter un quelcanque dommage mécanique pendant I'installation et en exploitation.

7 Ecrans

7.1 Généralités

Tous| les-€ables doivent comporter un revétement meétallique, soit individuel sur chiaque
condpcteur, soit collectif.

S'ils sont prescrits, les écrans sur conducteurs de cables unipolaires ou tripolaires doivent
consister en un écran sur d&me et un écran sur enveloppe isolante. Ceux-ci sont obligatoires
sur tous les cables, avec les exceptions suivantes:

a) les cables de tension assignée 3,6/6 (7,2) kV isolés a I'EPR ou au HEPR peuvent ne pas
comporter d'écrans, a condition d'utiliser I'épaisseur d'enveloppe isolante la plus forte du
Tableau 7;

b) les cables de tension assignée 3,6/6 (7,2) kV isolés au PVC ne doivent pas comporter
d'écrans.
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Ecran sur ame

L'écran sur ame doit étre non métallique et étre constitué d'un mélange semiconducteur
extrudé, qui peut étre appliqué sur un ruban semiconducteur. Le mélange semiconducteur

extrudé doit adhérer fermement a I'enveloppe isolante.

7.3 Ecran sur enveloppe isolante

L'écran sur enveloppe isolante doit étre constitué d'une couche semiconductrice non
métallique associée a un revétement métallique.

La cfuche non metallique doit etre exirudee directement sur I'enveloppe isolanie de chacun
des gonducteurs et consister en un mélange semiconducteur soit adhérent, soit pelable:

Un rpban ou un mélange semiconducteur peut ensuite étre appliqué sur les \conducteurs
individuels, ou sur I'assemblage des conducteurs.

Le r¢vétement métallique doit étre appliqué soit sur chaque conducteuf “individuel soit sur
I'ass¢mblage des conducteurs, et satisfaire aux exigences de I'Article 10.

8 Assemblage des cables tripolaires, revétements internes et bourrages

8.1 | Généralités

L'asg§emblage des cables tripolaires dépend de la tension assignée et de I'écran métallique
éventuellement appliqué sur chaque conducteur.

Les paragraphes 8.2 a 8.4 ne s'appliquent pas’aux torsades de cables unipolaires compdrtant
une gaine individuelle.

8.2 | Revétements internes et bourrages

8.2.1 Constitution

Les revétements internes peuvent étre extrudés ou rubanés.

Pour|les cables a conducteurs circulaires, un revétement interne rubané ne doit étre gdmis
que gi les intersticeg-entre conducteurs sont convenablement remplis.

L'emploi d'un lien~approprié est permis avant l'application d'un revétement interne extrude.
8.2.2 Matériau

Les matériaux utilisés pour les revétements internes et les hmlrrngpe doivent étre adap

la température de service du cable et compatibles avec le matériau d'isolation.

8.2.3

Epaisseur du revétement interne extrudé

és a

L'épaisseur approximative des revétements internes extrudés doit étre conforme aux valeurs
du Tableau 8.
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Tableau 8 — Epaisseur du revétement interne extrudé

8.2.4

L'épa
fictifd

diamptres supérieurs.

8.3

Les cables doivent comporter un revétement interne sur l'assemblage des conduct

Le re
scop

Pour
qu'un

bour

8.4

Les evétements métalliques de-chacun des conducteurs doivent étre en contact entre eux.

Diametre fictif sur I'assemblage des conducteurs Epaisseur du revétement
- - interne extrudé (valeurs
Supérieur a Inférieur ou égal a approximatives)
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

Epaisseur des revétements internes rubanés

isseur approximative des revétements rubanés doit étre de 0,4 mm, pour les diamgtres

sur assemblage des conducteurs inférieurs ou égaux a 40 mm~et-de 0,6 mm pody

Cables avec revétement métallique collectif (voir Article 9)

vétement interne et les bourrages doivent satisfaire”’a 8.2 et doivent étre non h
ques, sauf si le cable est réputé étanche longitudinalement.

les cables comportant un écran semiconducteur sur chaque conducteur individuel
revétement métallique collectif, le revétement interne doit étre semiconducteur
ages peuvent étre semiconducteurs.

Cables comportant un revétement métallique individuel sur chaque conducteuyr

(voir Article 10)

r les

eurs.
ygro-

ainsi
; les

X

Les [cables ayant en outre un revétement métallique collectif (voir Article 9) du méme

matéfiau que les revétements individuels doivent comporter un revétement interne
Passemblage des conducteurs. Le revétement interne et les bourrages doivent satisfaire

et do

revéfement interne et les bourrages peuvent étre semiconducteurs.

Lorsq
cons

ivent étre non hygroscopiques, sauf si le cable est réputé étanche longitudinalemer

ue les~revétements métalliques individuels et le revétement métallique collectif
itués_de matériaux différents, ils doivent étre séparés par une gaine extrudée consq

de I'in\dés matériaux spécifiés en 14.2. Pour les cables sous gaine de plomb, la sépa

sur

p 8.2

t. Le

sont
ituée
ation

avec les revétements métalliques individuels peut étre obtenue par un revétement interne
conforme & 8.2.

Pour les cables ne comportant pas de revétement métallique collectif (voir Article 9), le
revétement interne peut étre omis pour autant que la forme extérieure du cable reste
pratiquement cylindrique.

9 Revétements métalliques des cables unipolaires et tripolaires

Les types de revétements métalliques suivants sont inclus dans cette norme:

a) écran métallique (voir Article 10);

b) ame concentrique (voir Article 11);
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c) gaine métallique (voir Article 12);
d) armure métallique (voir Article 13).
Le ou les revétements métalliques doivent correspondre a un ou plusieurs des types

énumérés ci-dessus et ne doivent pas étre magnétiques quand ils sont appliqués sur des
cables unipolaires ou sur les conducteurs individuels de cables tripolaires.

Des dispositions peuvent étre prises pour assurer une étanchéité longitudinale au niveau des
revétements métalliques.

10 Ecran métallique

10.1| Constitution

L'écrgn métallique doit étre constitué d'un ou de plusieurs rubans, ou d'une_fresse, ou d'une
nappe concentrique de fils, ou d'une combinaison de fils et de ruban(s).

Il pept aussi étre constitué d'une gaine ou, dans le cas d'un écran\collectif, d'une armure
satisfaisant a 10.2.

Dang le choix du matériau constituant I’écran, il est néceSsaire d'apporter une attention
parti¢uliere aux risques de corrosion, non seulement dus“point de vue de la ségurité
mécgnique, mais aussi du point de vue de la sécurité élecfrique.

Les vides dans I'écran doivent étre conformes aux/r€glements nationaux et/ou aux normes
natiopales.

10.2| Exigences
Les ¢xigences relatives aux dimensions et aux caractéristiques physiques et électriqugs de

I’écran métallique doivent étre définies par les reglements nationaux et/ou les normes
natiohales.

10.3| Ecrans métalliques non-associés a une couche semiconductrice

Il n’ept pas nécessaire d'associer une couche semiconductrice aux écrans métalliques utjlisés
a la fension assignéede 3,6/6 (7,2) kV pour les enveloppes isolantes en PVC, EPR et HEPR.

11 Ame concentrique

11.1| Constitution

Les videS dans I'dme concentrique doivent étre conformes aux réglements nationaux pt/ou
aux normes nationales.

Dans le choix du matériau constituant I'd@me concentrique, il est nécessaire d'apporter une
attention particulieére aux risques de corrosion, non seulement du point de vue de la sécurité
mécanique, mais aussi du point de vue de la sécurité électrique.

11.2 Exigences

Les exigences relatives aux dimensions, aux caractéristiques physiques et a la résistance
électrique de I’ame concentrique, doivent étre définies par les réglements nationaux et/ou les
normes nationales.
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11.3 Application

Quand une ame concentrique est prescrite, elle doit étre appliquée sur le revétement interne
dans le cas des cables tripolaires. Dans le cas des cables unipolaires, elle doit étre appliquée
soit directement sur l'enveloppe isolante, soit sur I'écran semiconducteur sur enveloppe
isolante, soit sur un revétement interne approprié.

12 Gaine métallique

12.1 Gaine de plomb

Cettg gaine doit étre constituée de plomb ou d’alliage de plomb et étre appliquée sous\forme
d’un fube sans soudure, raisonnablement serré.

L’épgdisseur nominale doit étre calculée a I'aide de la formule suivante:

top = 0,03 Dg + 0,7

o

~~
kol

b estl'épaisseur nominale de la gaine de plomb, en millimétres;

Dy est le diameétre fictif sous la gaine de plomb, en millimétres (arrondi a la premiere
décimale, selon I’Annexe C).

Dand tous les cas, la plus petite épaisseur nominale ne{doit pas étre inférieure a 1,2 mm|. Les
valeyrs calculées doivent étre arrondies a la premiére\décimale (voir Annexe C).

12.2| Autres gaines métalliques

A I'éfude.

13 Armure métallique

13.1| Types d’armures métalliques
Les types d'armures concernés par cette norme sont les suivantes:

afmure de fils méplats;
b) afmure de fils rands;
a

rmure consfituée de deux rubans.

13.2| Matériaux

Les flls.ronds et méplats doivent étre en acier galvanisé, en cuivre nu ou étamé, en alumijnium
ou en alliage d'aluminium.

Les rubans doivent étre en acier, en acier galvanisé, en aluminium ou en alliage d'aluminium.
Les rubans d'acier doivent étre laminés a froid ou a chaud, de qualité commerciale.

Dans le cas des cables munis d'une armure de fils d’acier devant satisfaire a une
conductance minimale, il est admis d’ajouter des fils de cuivre ou de cuivre étamé en nombre
suffisant, afin de satisfaire aux exigences requises.

Dans le choix du matériau constituant I'armure, une attention particuliére doit étre portée aux
risques de corrosion, non seulement du point de vue de la sécurité mécanique, mais aussi du
point de vue de la sécurité électrique, surtout lorsque I'armure est utilisée comme écran.
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L'armure des cables unipolaires utilisés dans des réseaux a courant alternatif doit étre
constituée d'un matériau non magnétique, a moins qu'une constitution spéciale ne soit
adoptée.

13.3 Disposition de I’armure
13.3.1 Cables unipolaires

Dans le cas des cables unipolaires, un revétement interne extrudé ou rubané, dont I'épaisseur
est spécifiée en 8.2.3 ou en 8.2.4, doit étre disposé sous I'armure s'il n'y a pas d'écran.

13.32 Cables tripolaires

Lorsqu'une armure est prescrite dans le cas des cables tripolaires, elle doit étre diSposSép sur
un revétement interne conforme a 8.2.

13.33 Gaine de séparation

Lorsque I'écran métallique sous-jacent et I'armure sont constitués de matériaux différents, ils
doivgnt étre séparés par une gaine extrudée constituée de I'un desymatériaux indiqugs en
14.2,

Lorsqu’une armure est prévue sur un cable comportant une<gaine de plomb, elle peuf étre
dispqsée sur une gaine de séparation ou un matelas rubane.comme indiqué en 13.3.4.

Si unle gaine de séparation est utilisée, elle doit étre-appliquée sous I'armure, a la place qu en
plus du revétement interne.

Une |gaine de séparation n’est pas nécessaire lorsque des dispositions ont été prises|pour
assufer une étanchéité longitudinale au nivéau des revétements métalliques.

L'épgisseur nominale de cette gaine\"de séparation Tg exprimée en millimeétres doit| étre
calcylée a 'aide de la formule suivante:

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

ou [, est le diameétre«fictif sous cette gaine, en millimétres, calculé comme indiqué [dans
I'Annexe A.

La valeur calculeea I'aide de la formule doit étre arrondie a 0,1 mm pres (voir Annexe C)

Pour|les cables ne comportant pas de gaine de plomb, I'épaisseur nominale ne doit pag étre
inférieure~a 1,2 mm. Pour les cébles pour lesquels la gaine de séparation est appliquée
directement sur la gaine de plomb, I'épaisseur nominale ne doit pas étre inférieure a 1,0 fnm.

13.3.4 Matelas rubané sous armure pour les cables sous plomb

Le matelas rubané disposé sur la gaine de plomb enduite doit étre constitué soit de rubans de
papier imprégné et enduit de mélange, soit d'une combinaison de deux couches de papier
imprégné de mélange, puis d’'une ou de plusieurs couches de matériau fibreux imprégné de
mélange.

L’'imprégnation des matériaux constituant le matelas peut étre a base de mélanges bitumineux
ou d’autres matériaux protecteurs. Dans le cas de fils d’armure, ces mélanges ne doivent pas
étre appliqués directement sous les fils.

Des rubans synthétiques peuvent étre utilisés a la place des rubans de papier imprégné.
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L’épaisseur totale du matelas rubané entre la gaine de plomb et I'armure, aprés application
de I'armure, doit avoir une valeur approximative de 1,5 mm.

13.4 Dimensions des fils et des rubans d’armure

Les dimensions nominales des fils et des rubans d’armure doivent étre de préférence choisies
parmi les valeurs suivantes:

fils ronds:
0,8-125-16-2,0-2,5- 3,15 mm de diamétre;

fils rrépl:n‘e'

0[8 mm d'épaisseur;

rubamps en acier:

0|2 - 0,5 - 0,8 mm d'épaisseur,;

rubaps en aluminium ou en alliage d'aluminium:

0[5 — 0,8 mm d'épaisseur.

13.5| Correspondance entre les diamétres des cables et les dimensions des armuregs

Les fliamétres nominaux des fils d'armure ronds et les épaisseurs nominales des rubans
d'armjure ne doivent pas étre inférieurs aux valeurs indiquées respectivement dang les

Tablg¢aux 9 et 10.

Tableau 9 — Diameétre nominal des fils d’armure ronds

Diameétre fictif sous armure
Diamétre nominal
Supérieur a Inférieur ou égal a du fil d'armure
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

Tableau 10 — Epaisseur nominale des rubans d’armure

Diameétre fictif sous armure Epaisseur nominale du ruban
-— 5 -— . s Acier ou acier Aluminium ou
Supérieur a Inférieur ou égal a R . ' o
galvanisé alliage d'aluminium

TTITTY TTITTY TIITTY TTITTY

- 30 0,2 0,5

30 70 0,5 0,5

70 - 0,8 0,8

Pour les fils d’armure méplats et les diameétres fictifs sous armure supérieurs a 15 mm,
I'épaisseur nominale des fils d'acier méplats doit étre de 0,8 mm. Les cables de diamétre fictif
sous armure inférieur ou égal @ 15 mm ne doivent pas recevoir de fils d’armure méplats.

13.6 Armure de fils ronds ou méplats

Les fils d’armure doivent étre jointifs, c'est-a-dire avec un jeu minimal entre fils adjacents. Un
ruban d'acier galvanisé d'épaisseur nominale d’au moins 0,3 mm peut étre disposé en forme


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

-112 - 60502-2 © CEIl:

2014

d'hélice ouverte sur une armure de fils d'acier méplats ou ronds, si cela est nécessaire. Les
tolérances données en 17.7.3 s'appliquent a ce ruban d'acier.

13.7 Armure constituée de deux rubans

Quand une armure de rubans et un revétement interne conformes a 8.2 sont utilisés, le
revétement interne doit étre renforcé par un matelas rubané. L’épaisseur totale du revétement
interne et du matelas rubané supplémentaire doit étre celle donnée en 8.2, augmentée de
0,5 mm si I'épaisseur des rubans d'armure est de 0,2 mm, et de 0,8 mm si I'épaisseur des
rubans d'armure est supérieure a 0,2 mm.

L'épgisseur totale du revétement interne et du matelas rubané supplémentaire ne doi

étre

Si ur

aux

Les

extenne soit approximativement centré sur l'intervalle entre spires du ruban int
L'intgrvalle entre deux spires adjacentes de chaque ruban ne doif\pas dépasser 50 %
largejur du ruban.

14

14.1| Généralités

Tous|les cables doivent comporter une gaine extérieure.

four

condjtions particuliéres d'emploi du cable.

NOT

14.2 | Matériau

La ggine extérieure doit étre constituée d'un mélange thermoplastique (PVC ou polyéthy
ou élpstomérique (polychloropréne, polyéthyléne chlorosulfoné ou matériaux analogues).

Le
Tab

Des

app
add

NOT

La ?Fine extérieure est normalement de ‘couleur noire, mais une autre couleur peut

nférieure a ces valeurs de plus de 0,2 mm avec une tolérance de +20 %.

gxigences de 13.3.3, le matelas rubané supplémentaire n'est pas prescrit,

ubans d’armure doivent étre posés en hélice, en deux couches, de fagcon que le 1

Gaine extérieure

ie selon accord entre le fabricant etil'acheteur, sous réserve qu’elle convienne pol

E| Un essai de stabilité aux rayons UV est a I’étude.

Ig¢au 4.

rIatériau de—~la gaine doit convenir a la température de service comme indiqug

pas

e gaine de séparation est prescrite ou si le revétement interne est extrudé' et safisfait

uban
Brne.
de la

étre
r les

ene)

des

additifs chimiques peuvent étre nécessaires dans la gaine extérieure pour

lications Spéciaies, par exempie protectifon contre fes termites, mais i convient qu
itifs ne contiennent pas de produits nocifs pour ’homme et/ou pour I’environnement.

E Des exemples de matériaux?) considérés comme indésirables sont les suivants:

. Aldrin:1,2,3,4,10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4,5,8-diméthanonaphtaléne

-

Dieldrin: 1,2,3,4,10,10-hexachloro-6,7-époxy-1,4,4a,5,6,7,8,8a-octahydro-1,4,5,8-diméthanonaphtaléne

Lindane: isomére gamma du 1,2,3,4,5,6-hexachloro-cyclohexane.

ces

) Source: Dangerous properties of industrial materials, N.|. Sax, fifth edition, Van Nostrand Reinhold, ISBN 0-442-27373-8.
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Epaisseur

Sauf spécification contraire, I'épaisseur nominale t; exprimée en millimétres doit étre calculée
a l'aide de la formule suivante:

ouD

ts=0,035D + 1,0

est le diamétre fictif immédiatement sous la gaine, en millimétres (voir Annexe A).

La valeur calculée a I'aide de la formule doit étre arrondie a 0,1 mm prés (voir Annexe C).

L'épd

isseur nominale ne doit pas étre inférieure a 1,4 mm pour les cables unipolaires

1,8 mim pour les cables multipolaires.

15 ¢
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16

16.1

Conditions d’essais

Température ambiante

spécification contraire précisée pour chaque essai particulier,-les essais doivent
fués a une température ambiante de (20 + 15) °C.

Fréquence et forme d’onde des tensions d’essai a fréquence industrielle
pquence des tensions alternatives d'essai ne doit.étre ni inférieure a 49 Hz ni supér,

Hz. La forme d'onde de ces tensions doit étre\pratiquement sinusoidale. Les va
Liées sont des valeurs efficaces.

Forme d’onde des tensions d’essai de’choc

brmément a la CEI 60230, la duréesconventionnelle du front d’onde doit étre com
1 us et 5 us et la durée jusqu’a la“moitié de la valeur de créte comprise entre 40
. Les autres caractéristiques deivent étre conformes a la CEl 60060-1.

Détermination de la température de I'ame du cable

recommandé que l'une des méthodes décrites a I'Annexe G soit utilisée pour déterr
hpérature réelle.

Essais individuels

Généralités

Les

et a

étre

eure
leurs

prise
us et

niner

¢ssais individuels sont normalement effectués sur toutes les longueurs de cable fabri
(voir 372 e mbre d ) IS € r gtre réd ne 1

outetro Nno pre de ongueu ayee peu edu ou une c

alternative adoptée, selon des procédures agréées de contrdle de la qualité.

Les essais individuels prescrits par cette norme sont les suivants:

a) la mesure de la résistance électrique des ames (voir 16.2);

b) I'essai de décharges partielles (voir 16.3) pour les cables comportant des écrans sur ame
et sur enveloppe isolante comme indiqué en 7.2 et 7.3;

c) l'essai de tension (voir 16.4).

d) essai électrique sur la gaine extérieure, s'il est exigé (voir 16.5).
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16.2 Reésistance électrique des ames

Les mesures de résistance doivent étre effectuées sur toutes les &mes de chaque longueur
de cable soumise aux essais individuels, y compris I'dme concentrique éventuelle.

La longueur de cable compléte, ou un échantillon prélevé sur elle, doit étre placée dans le
local d'essai, maintenu a une température sensiblement constante pendant au moins 12 h
avant I'essai. En cas de doute sur la coincidence entre la température de 'dme et celle du
local, la résistance de I'dme doit étre mesurée aprés un séjour de 24 h dans le local d'essai.
En variante, la résistance peut étre mesurée sur un échantillon d'ame conditionné pendant au
moins 1 h dans un bain de liquide a température régulée.

La rgsistance mesurée doit étre ramenée a une température de 20 °C et a 1 km de.cable au
moygn des formules et facteurs indiqués dans la CEl 60228.

La rgsistance de chaque ame en courant continu a 20 °C ne doit pas étre'\supérieure| a la
valeyr maximale correspondante spécifiée dans la CEl 60228. Pour les ames concentriques,
la régistance doit étre conforme aux réglements nationaux et/ou aux normes’ nationales.

16.3 | Essai de décharges partielles

L'esqai de décharges partielles doit étre effectué comme,indiqué dans la CEI 608B5-3,
excepté que la sensibilité telle que définie dans la CEl 60885-3/doit étre de 10 pC ou mieux.

Dang le cas des cables tripolaires, I'essai doit étre effectué sur tous les conducteurs isol¢s en
applipuant la tension entre chaque ame et I'écran métallique.

La tgnsion d’essai doit étre augmentée progressivement et maintenue a 2 Uy pendant(10 s
puis famenée lentement a 1,73 Up.

Il ne| doit pas y avoir de décharge détectable provenant de I'objet en essai au-dela de la
sens|bilité déclarée a 1,73 Uy.

NOTE| Une quelconque décharge proyenant de I'objet en essai peut étre dangereuse.

16.4| Essai de tension
16.4.1 Généralités

L'esqai de tension\doit étre effectué a la température ambiante en appliquant une tension
alterpative a fréquence industrielle.

16.4.2 Méthode d’essai pour les cables unipolaires

pendant-5-min-entreame

Pourles—cables ||nipr\|9irne la tension -d'essai doit éire 2 licude
+ S+ LA +aHH —a—te8RSteR-—G -G oH—eH

[a¥a) U
: SppHG
et I'écran n eta”lque.

16.4.3 Méthode d'essai pour les cables tripolaires

Pour les cables tripolaires avec écran métallique individuel sur chaque conducteur, la tension
d'essai doit étre appliquée pendant 5 min entre chaque ame et le revétement métallique.

Pour les cables tripolaires sans écran métallique individuel sur chaque conducteur, la tension
d'essai doit étre appliquée pendant 5 min successivement entre chaque conducteur isolé et
tous les autres conducteurs et les revétements métalliques collectifs.

Les cables tripolaires peuvent étre essayés en une seule opération en utilisant un
transformateur triphasé.
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16.4.4 Tension d’essai

La tension d’essai a fréquence industrielle doit étre de 3,5 Up. Les valeurs des tensions
d’essai monophasées pour les tensions assignées normalisées sont indiquées dans le
Tableau 11.

Tableau 11 — Tension des essais individuels

Tension assignée U, kV 3,6 6 8,7 12 18

Tension d’essai kV 12,5 21 30,5 42 63

Dand le cas des cables tripolaires, si la tension d'essai est appliquée par un transformpteur
triphgsé, la tension d'essai entre les phases du transformateur doit étre de 1,73 fois les
valeyrs indiquées dans ce tableau.

Dang tous les cas, la tension d'essai doit étre élevée progressivement@\|a valeur spécifide.

16.4/5 Exigence

Il ne doit pas se produire de perforation de I'enveloppe isolanté:

16.5| Essai électrique sur la gaine extérieure du cable

Par Accord convenu entre le client et le fournisseur, le cable doit étre soumis a I'gssai
électfique spécifié en 3.2 de la CEIl 60229:2007;

Les ¢ables ayant des couches semi-conductrices extrudées sur la gaine extérieure ddivent
étre lexclus et I'essai de tension continue spécifié en 3.1 de la CEIl 60229:2007 peut| étre

appligué.

17 Essais sur prélévements

17.1| Généralités
Les ¢ssais sur prélévements prescrits par cette norme sont les suivants:

a) I'examen de {:ame (voir 17.4);
b) Igs vérifications dimensionnelles (voir 17.5 a 17.8);

c) l'essai-de tension pour les cables de tension assignée supérieure a 3,6/6 (7,2) kV|(voir
17.9);

d) I'essard'attongemenmt—athauddesenvetoppes isotantesem EPR,HEPRet—PR =l des

gaines en matériau élastomérique (voir 17.10).

17.2 Fréquence des essais sur préléevements
17.21 Examen de I’ame et vérifications dimensionnelles

L'examen de I’&me, les mesures d'épaisseurs d’enveloppe isolante et de gaine et les mesures
du diamétre extérieur doivent étre effectués sur une longueur de chaque série de fabrication
de cable du méme type et de méme section nominale, le nombre de longueurs étant toutefois
limité a 10 % du nombre total des longueurs stipulées dans la commande.
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Les essais électriques et physiques doivent étre effectués sur des échantillons de cables
prélevés sur les cables fabriqués, selon des procédures agréées de contrble de la qualité. En
I'absence de procédures agréées, pour les commandes dont la longueur totale dépasse 2 km
pour les cables tripolaires ou 4 km pour les cables unipolaires, les essais doivent étre réalisés
selon le Tableau 12.

Tableau 12 — Nombre d’échantillons pour essais sur prélévements

Longueur de cable
Cables multipolaires Cables unipolaires Nombrte
d'échantiligns
Sypérieure a Inférieure ou égale a Supérieure a Inférieure ou égale a
km km km km
2 10 4 20 1
10 20 20 40 2
20 30 40 60 3
etc. etc. etc.
17.3| Répétition des essais

Si I'un des échantillons ne satisfait pas aux essais de I'Article 17, deux nouveaux échant

doive
lesqy
I'ens
Si 1'
comr

17.4

La c

nt étre prélevés sur le méme lot de cébles et soumis a I'essai ou aux essais
els le résultat n'a pas été satisfaisant. Sisles deux contre-essais sont satisfais
emble des cébles du lot est considéré comme conforme aux exigences de cette ng
n ou l'autre des contre-essais n'est pas satisfaisant, le lot de cables est cons
ne non conforme.

Examen de I'ame

bnformité aux exigences de, [a"CEl 60228 concernant la constitution de 'dme doit

vérifige par examen et par mesure, lorsque cela est possible.

17.5

17.5.

(y compris les daines de séparation extrudées, mais a I'exclusion des
revétements internes extrudés)

1 Généralités

La mgthode d'essai doit étre conforme a la CEl 60811-201 et la CEl 60811-202.

Chag

Mesure de I'épaisséeur des enveloppes isolantes et des gaines non métalliquep

llons
pour
ants,
rme.
déré

étre

cable

uellongueur de céble choisie pour I'essai est représentée par un morceau de

préle

17.5.

ve a une extremite apres elimination eventuelle des parties endommagees.

2 Exigences pour les enveloppes isolantes

Pour chaque échantillon de conducteur, la plus petite valeur mesurée ne doit pas étre

inféri

en outre:

ou

tmax

eure a 90 % de I'épaisseur nominale, diminuée de 0,1 mm, a savoir:

tin = 0,9 t, — 0,1

min =

<0,15

(tmax - tmin)/ tmax

est 'épaisseur maximale, en millimétres;
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tmin est I'épaisseur minimale, en millimétres;
th est I'’épaisseur nominale, en millimétres.

NOTE {fmax et fmin sont mesurés sur la méme section de cable.

17.5.3 Exigences pour les gaines non métalliques

S'il est utilisé une couche semi-conductrice extrudée qui est totalement adhérente a la gaine
non métallique, une épaisseur pouvant atteindre 0,3 mm de la couche semi-conductrice peut
étre acceptée comme faisant partie de I'épaisseur de la gaine. Une gaine telle que décrite
précédemment doijt satisfaire aux exigences mecaniques relatives au type du matériau de

gaing, quelle que soit la fagon dont les éprouvettes haltéres ont été préparées.

L'épgisseur minimale de la gaine non métallique ne doit pas étre inférieure a.80 % d¢e la
valeyr nominale diminuée de 0,2 mm, a savoir:

tmin > 0,8 tn - 0,2

17.6| Mesure de I’épaisseur de la gaine de plomb
17.6 (1 Généralités

L'épgisseur minimale de la gaine de plomb doit étre détermiinée par I'une des deux méthjodes
suivgntes, au choix du fabricant, et ne doit pas étre inférieure a 95 % de I'épaisseur nominale,

diminuée de 0,1 mm, a savoir:

tmin > 0,95 tn - 0,1
NOTE| Les méthodes de mesure de I'épaisseur des autres types de gaines métalliques sont & I'étude.

17.6.2 Méthode «a plat»

La mesure doit étre effectuée a I'aide d'un micrométre a faces planes, de touches de diameétre
compris entre 4 mm et 8 mm et(de précision +£0,01 mm.

La miesure doit étre faite.sur un échantillon de gaine de 50 mm de longueur environ, prg¢levé
sur lp céble complet—~L'échantillon doit étre fendu longitudinalement, puis soigneusement
redrgssé. Aprés nettoyage de I'éprouvette, I'épaisseur de I'échantillon est mesurée ¢n un
certalin nombre de\points, le long de la périphérie de la gaine, a 10 mm au moins du bofd de
I'éprquvette redressée, afin d'étre slr que I'épaisseur minimale est mesurée.

17.6. Méthode de I’anneau

Les mesures doivent éire faites a I'aide d'un micrométre ayant soit une touche plane e} une
touche sphérique, soit une touche plane et une touche rectangulaire de 0,8 mm de largeur et
2,4 mm de longueur. La touche sphérique ou la touche rectangulaire doit étre appliquée sur la
face intérieure de I'anneau. La précision du micrométre doit étre de +0,01 mm.

Les mesures doivent étre prises sur un anneau de gaine soigneusement prélevé sur
I’échantillon. L'épaisseur doit étre mesurée en un nombre de points suffisant, sur la périphérie
de 'anneau, afin d'étre sar d'obtenir I'épaisseur minimale.

17.7 Mesure sur les fils et rubans d’armure
17.7.1 Mesure sur les fils

Le diameétre des fils ronds et I'épaisseur des fils méplats doivent étre mesurés a Il'aide d'un
micrométre ayant deux touches planes et une précision de +0,01 mm. Pour les fils ronds,
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deux mesures doivent étre effectuées a angle droit sur le méme diamétre et la moyenne des

deux

17.7.

valeurs est prise comme diamétre du fil.

2 Mesure sur les rubans

Les mesures doivent étre faites avec un micrométre ayant deux touches planes d'un diameétre
approximatif de 5 mm, et une précision de +0,01 mm. Pour les rubans de largeur inférieure ou
égale a 40 mm, I'épaisseur doit étre mesurée au milieu de la largeur. Pour les rubans plus
larges, les mesures doivent étre faites a 20 mm de chaque bord du ruban et la moyenne des

deux

valeurs est prise comme épaisseur du ruban.

Les
nomi

17.8
Si la

17.7f Exigences
i

mensions des fils et des rubans d'armure ne doivent pas étre inférieures aux’va
hales indiquées en 13.5 de plus de:

% pour les fils ronds;
% pour les fils méplats;

D % pour les rubans.

Mesure du diamétre extérieur

mesure du diamétre extérieur du cable est prescrite aititre d'essai sur prélévements

doit étre effectuée conformément a la CEl 60811-203.

17.9

Cet 6

17.9.

L'éch
extré

17.9.

Une
ambi

17.9.

Essai de tension pendant 4 h

ssai n'est applicable qu'aux cables de tension assignée supérieure a 3,6/6 (7,2) kV.

1 Echantillonnage

antillon doit étre un trongon de-cable complet d'au moins 5 m de longueur entr
mités d'essai.

2 Mode opératoire

tension a fréquence ‘industrielle doit étre appliquée pendant 4 h a la tempér
ante, entre chaque)ame et le ou les revétements métalliques.

3 Tension'd'essai

La tension «d'essai doit étre de 4 Up. Les valeurs de tension d'essai pour les ten

assig

nées normalisées sont données dans le Tableau 13.

leurs

. elle

b les

ature

sions

Tab ‘3 —Temrstond A st

Tension assignée U, kV 6 8,7 12 18

Tension d’essai kV 24 35 48 72

La tension d'essai doit étre élevée progressivement a la valeur spécifiée et maintenue

pend

17.9.

Il ne

ant 4 h.

4 Exigences

doit pas se produire de perforation de I'enveloppe isolante.
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17.10 Essai d’allongement a chaud des enveloppes isolantes en EPR, HEPR et PR et
des gaines en matériau élastomérique

17.10.1 Mode opératoire

L'échantillonnage et la méthode d'essai doivent étre conformes a la CEIl 60811-507, dans les
conditions indiquées dans les Tableaux 19 et 23.

17.10.2 Exigences

Les résultats des essais doivent étre conformes aux valeurs indiquées dans le Tableau 19
pour les-enveloppes-isclantes en EPR-HEPR ot PR ot dansle Tablea 3 pourles-gaines du

type SE;.

18 Essais de type électriques

18.1| Généralités

Lorsque les essais de type ont été réalisés avec succés sur un type de)cable concerné par la
présg¢nte norme, de section et de tension assignée spécifiques, I'acceptation de type doit étre
cons|dérée comme valable pour des cables du méme type avec d'autres sections pt/ou
tensipns assignées, si les trois conditions suivantes sont toutes\remplies:

és mémes matériaux d’isolation et d’écrans semiconducteurs et le méme procédé de
abrication sont utilisés;

a)

—h

b) la section de I'ame n’est pas supérieure a celle du cable essayé, avec I'exception que
tputes les sections jusqu’a 630 mm? inclus sent acceptées lorsque la section du ¢able
préalablement essayé est dans la gamme d&:95 mm? a 630 mm? inclus.

c) la tension assignée n’est pas supérieure @‘eelle du cable essayé.

L’acdeptation doit étre indépendante de daimatiere de I'ame.
18.2| Cables comportant des écrans sur ame et sur enveloppe isolante

18.2.1 Généralités

Un échantillon de cable.complet, de 10 m a 15 m de longueur, doit étre soumis aux epsais
énunjérés en 18.2.2.

Avec| les exceptions indiquées en 18.2.3, tous les essais indiqués en 18.2.2 doivent| étre
effecfués successivement sur le méme échantillon.

Dang le ¢gas.des cables tripolaires, chaque essai ou chaque mesure doit étre effectué surftous
les cpnducteurs.

La mesure de la résistivité des écrans semiconducteurs, indiquée en 18.2.10, doit étre
effectuée sur un échantillon distinct.

18.2.2 Série d'essais

La série normale d'essais doit étre la suivante:

QO

) essai d'enroulement, suivi d'un essai de décharges partielles (voir 18.2.4 et 18.2.5);
b) mesure de tan 5 (voir 18.2.3 et 18.2.6);

c) essai de cycles de chauffage, suivi d'un essai de décharges partielles (voir 18.2.7);
d) essai aux ondes de choc, suivi d'un essai de tension (voir 18.2.8);

e) essai de tension pendant 4 h (voir 18.2.9).
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18.2.3 Dispositions particuliéres

La mesure de tan & peut étre effectuée sur un échantillon distinct de celui utilisé pour la série
normale d'essais énumérée en 18.2.2.

La mesure de tan 3 n'est pas prescrite pour les cables de tension assignée inférieure a 6/10
(12) kV.

Un nouvel échantillon peut étre utilisé pour I'essai e), a condition qu'il ait été préalablement
soumis aux essais a) et ¢) énumérés en 18.2.2.

18.2.4 Essai d'enroulement

L'échantillon doit étre enroulé autour d'un cylindre d'essai (par exemple, le tambour|d'un
tourdt) a la température ambiante sur un tour complet au moins. Ensuite, I'échantillon doit
étre déroulé et I'opération répétée, sauf que la courbure de I'échantillon doit étre de [sens
contraire et sans rotation axiale.

Ce cycle d'opérations doit étre effectué trois fois.

Le dipmétre du cylindre d'essai ne doit pas étre supérieur a ce qui Suit:

e ppur les cables comportant une gaine de plomb ou un ruban disposé longitudinalement
ajec recouvrement:

-P5 (d + D) + 5 % pour les cables unipolaires;

PO (d + D) + 5 % pour les cables tripolaires;

e ppur les autres cables:

P0 (d + D) + 5 % pour les cables unipolaires;

15 (d + D) + 5 % pour les cables tripolaires.
ofi

D est le diamétre externe réel du trongon de cable, en millimétres, mesuré conformément
a17.8;

d| estle diameétre réel.de’l'ame, en millimétres.

Si leconducteur n'est'pas circulaire:
d=113S

ou Slest lassection nominale, en millimétres carrés.

A l'issus—de cet gssail'échantilon doit 6tre soumis a3 un essaide-décharages partielleset doit
S&eHe-& t <5 ASHRHHO RGO H—Bt 4 =t -GG AaHg paHeH

satisfaire aux exigences données en 18.2.5.

18.2.5 Essai de décharges partielles

L'essai de décharges partielles doit étre effectué conformément a la CEIl 60885-3, la
sensibilité étant de 5 pC ou mieux.

La tension d’essai doit étre augmentée progressivement et maintenue a 2 Uy pendant 10 s
puis ramenée lentement a 1,73 Up.

Il ne doit pas y avoir de décharge détectable provenant de I'objet en essai au-dela de la
sensibilité déclarée a 1,73 Up.
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Une quelconque décharge provenant de I'objet en essai peut étre dangereuse.

6 Mesure de tan 5 pour les cables de tension assignée supérieure ou égale
a 6/10 (12) kv

L'échantillon de cable complet doit étre chauffé selon I'une des méthodes suivantes:
I'échantillon doit étre placé soit dans une cuve de liquide, soit dans une étuve, soit chauffé
par un courant circulant dans I'écran métallique ou dans I'ame, ou dans les deux.

L'échantillon doit étre chauffé jusqu'a ce que I'ame atteigne une température dépassant de
5 K a 10 K la température maximale de I'ame en service normal.

Pour
résis
dans
de fa

La t3
spéc

Les

18.2.

ance de I'dme, soit a l'aide d'un dispositif de mesure de température approprié

con identique.

n & doit étre mesurée sous une tension alternative d'au moins 2)KV a la tempér
fiée ci-dessus.

aleurs mesurées ne doivent pas étre supérieures a celles données au Tableau 15.

7 Essai de cycles de chauffage

chaque méthode, la température de I'ame doit étre déterminée soit en mesurJnt la

blacé

le bain ou dans I'étuve, ou a la surface de I'écran, ou sur un cable de référence chjpuffé

ature

L'écHantillon ayant subi les essais précédents doit étrendisposé sur le sol de la salle d'egsais,

et ét
temp
norm

Pour

Le cy
entre
laiss

I’amg ait atteint une température ne dépassant pas la température ambiante de plus de 1

Cec

A l'is

18.2.

Cet ¢ssdi doit étre effectué sur I'échantillon dont I'Ame doit étre portée a une tempér

dépa

les cables tripolaires, le courant de chauffage doit étre appliqué a toutes les ames.

cle doit étre réalisé 20 fois.

8 Essai aux ondes de choc suivi d'un essai de tension

e chauffé en faisant passer un courant dans IFane, jusqu'a ce que celle-ci atteigng une
Erature constante dépassant de 5 K a 10 K laitempérature maximale de I'dme en service
lal.

cle de chauffage doit durer au_moins 8 h. La température de I'dme doit étre maintenue
les limites prescrites pendant“au moins 2 h de chaque période de chauffage. Or| doit
br ensuite I'échantillon refrpidir naturellement a I'air pendant au moins 3 h jusqu’a ce que

D K.

sue du dernier .cycle, I'échantillon doit étre soumis a un essai de décharges partielles et
doit gatisfaire aux-exigences indiquées en 18.2.5.

ature

ssant de 5 K a 10 K la température maximale de I'ame en service normal.

La tension de choc doit étre appliqguée conformément au mode opératoire indiqué dans la
CEI 60230 et doit avoir une valeur de créte indiquée au Tableau 14.

Tableau 14 — Tensions d'essai aux ondes de choc

Tension assignée Uy/U (U,) KV | 3,6/6 (7,2) 6/10 (12) | 8,7/15(17,5) | 12/20 (24) | 18/30 (36)

Tension d’essai (créte) kV 60 75 95 125 170

Chaque conducteur du cable doit résister sans perforation a 10 chocs positifs et 10 chocs

néga

tifs.
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Apreés l'essai aux ondes de choc, chaque conducteur de I'échantillon de cable doit étre soumis
a un essai de tension a fréquence industrielle a la température ambiante, pendant 15 min. La
valeur de la tension d'essai est indiquée au Tableau 11. Il ne doit pas se produire de
perforation de I'enveloppe isolante.

18.2.

9 Essai de tension pendant 4 h

Cet essai doit étre effectué a la température ambiante. Une tension a fréquence industrielle
doit étre appliquée a I’échantillon pendant 4 h, entre I'dme ou les ames et le ou les écrans.

La tension d’essai doit étre égale a 4 Ug. Elle doit étre portée graduellement jusqu’a la valeur

spéc
18.2.
18.2,

fiee. Il ne doit pas se produire de perforation de I'enveloppe isolante.

10 Résistivité des écrans semiconducteurs

10.1 Généralités

La r¢sistivité des écrans semiconducteurs extrudés appliqués sur I'ame let sur I'envel

oppe

isolapte, doit étre déterminée par des mesures sur des éprouveites prélevées sir le
condpcteur d'un échantillon de cable en I'état de livraison, et d'un €ehantillon de cable ayant
subi |'essai de vieillissement spécifié en 19.7, destiné a vérifier la(eompatibilité des matériaux
constitutifs.

18.210.2 Mode opératoire

Le mpde opératoire doit étre conforme a I'Annexe D.

Les mesures doivent étre effectuées a la température maximale de I'dme en service normal, a
+2 K|preés.

18.2.10.3 Exigences

Avanit et aprés vieillissement, la résistivité ne doit pas étre supérieure aux valeurs suivanies:
— éfran sur ame: 1000 Q x m,

— éfran sur enveloppe isolante: 500 Q x m.

18.3| Cables de tension assignée 3,6/6 (7,2) kV sans écran sur enveloppe isolante
18.3.11 Généralités

Chadue conducteur d'un échantillon de cable complet, de 10 m a 15 m de longueur, est

sounjis auX.essais suivants effectués dans l'ordre:

a) nesufe de la résistance d'isolement a la température ambiante (voir 18.3.2);

b) mesure de la résistance d'isolement a la température maximale de I'dme en service
normal (voir 18.3.3);

c) essai de tension pendant 4 h (voir 18.3.4).

Les cables doivent, en outre, étre soumis a un essai aux ondes de choc sur un échantillon de
cable complet distinct, de 10 m a 15 m de longueur (voir 18.3.5).

18.3.
18.3.

2 Mesure de la résistance d’isolement a la température ambiante

2.1 Mode opératoire

Cet essai doit étre effectué sur la longueur de I'échantillon avant tout autre essai électrique.
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Tous les revétements extérieurs doivent étre 6tés, puis les conducteurs isolés doivent étre
immergés dans de |'eau a la température ambiante, pendant au moins 1 h avant I'essai.

La tension continue d'essai doit étre comprise entre 80 V et 500 V et doit étre appliquée
pendant une durée suffisante, égale a 1 min au moins et & 5 min au plus, afin d’obtenir une
lecture stable.

Lam

esure doit étre faite entre chaque ame et l'eau.

Si nécessaire, la mesure peut étre confirmée a la température de (20 £ 1) °C.

18.3.2.2 Calculs

La rgsistivité transversale doit étre calculée, en partant de la valeur mesurée de la résist

d'iso

o
c-

RS

Q O —

On p|
moye

NOTE
a celu

18.3.

Les
indiq

18.3.

ement, par la formule suivante:

2 xnmxlxR

D
Ind

p_

est la résistivité transversale, en ohms x centimétres;

est la résistance d'isolement mesurée, en ohms;

est la longueur du cable, en centimeétres;

est le diametre extérieur de I'enveloppe isolante; en millimétres;
est le diameétre intérieur de I'’enveloppe isalante, en millimétres.

eut aussi calculer la «constante d’isolement Ki», exprimée en mégohms x kilométre
n de la formule suivante:

I x R 10-11
K = X+ = 1011 x 0,367 x p
Igg

Pour les conducteurs a ames\sectorales, le rapport D/d est le rapport du périmetre de I'enveloppe is|
de I'ame.

2.3 Exigences

aleurs calculees a partir des mesures effectuées ne doivent pas étre inférieures a g
Liées dapsde Tableau 15.

3 Mesure de la résistance d’isolement a la température maximale de I’ame

ance

blante

elles

18.3.

- PN
3.' Mode opelalUIIG

Les conducteurs de I'échantillon de cable doivent étre immergés dans de l'eau a la
température maximale de I'ame en service normal, a +2 K prés, pendant au moins 1 h avant
I'essai.

La tension continue d'essai doit étre comprise entre 80 V et 500 V et doit étre appliquée
pendant une durée suffisante, égale a 1 min au moins et & 5 min au plus, afin d’obtenir une
lecture stable.

Lam

esure doit étre faite entre chaque ame et l'eau.


https://iecnorm.com/api/?name=52601a0a1fea3ace4913175e57c52eaf

- 124 - 60502-2 © CEIl:

18.3.3.2 Calculs

2014

La résistivité transversale et/ou la constante d'isolement doivent étre calculées a partir de la
résistance d'isolement par les formules données en 18.3.2.2.

18.3.3.3 Exigences

Les valeurs calculées a partir des mesures effectuées ne doivent pas étre inférieures a celles

indiq

uées dans le Tableau 15.

18.3.4 Essai de tension pendant 4 h

18.3.4.1 Mode opératoire

Les
temp

Une

conducteurs de I'échantillon de cable doivent étre immergés dans de _l'eau
erature ambiante pendant au moins 1 h.

ension d’essai a fréquence industrielle égale a 4 U, doit ensuite étre appliquée pro

sivement entre chaque ame et I'eau, et maintenue pendant 4 h.

18.3.

Il ne

4.2 Exigences

doit pas se produire de perforation de I'enveloppe isolant€,

18.3./5 Essai aux ondes de choc

18.3.5.1 Mode opératoire

Cet ¢ssai doit étre réalisé sur un échantillon asuine température d’ame supérieure de ‘!

10 K

a la température maximale de I’ame enséfvice normal.

La tgnsion de choc doit étre appliquéé’;conformément au mode opératoire indiqué da
CEIl $0230 et avoir une valeur de créteide 60 kV.

Chadue série de chocs doit. étré appliquée successivement entre chaque conductey

phas

18.3.

e et tous les autres conducteurs reliés entre eux et a la terre.

5.2 Exigences

Chadue conducteur~du cable doit résister, sans perforation, a 10 chocs positifs et 10 d

néga

19

191

tifs.

Fssais de type non électriques

a la

gres-

b K a

ns la

r de

hocs

—Geénéralités

Les essais de type non électriques exigés par cette norme sont indiqués dans le Tableau 16.

19.2

Mesure de I’épaisseur de I’enveloppe isolante

19.21 Echantillonnage

Un échantillon doit étre prélevé sur chaque conducteur de cable isolé.

19.2.2 Mode opératoire

Lem

ode opératoire doit étre celui décrit dans la CElI 60811-201.
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