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Foreword

This new edition of BS 7835 has been prepared by Subcommittee GEL/20/2. It
supersedes BS 7835:1996 which is withdrawn.

This edition includes technical changes to bring the standard up to date and is a full
review of the standard.

This standard deals with armoured cables in the rated voltage range from 3.8/6.6 kVup
to 1933 kV insulated with cross-linked polyethylene (XLPE) or ethylene propylene
rubber compound (EPR), covering cables with improved performance under fire
conditions compared to those specified in BS 6622,

Annexes E, F, G, H, J, K, L, and M are normative. Annexes A, B, C, D and N are
informative. Annex 1 is spare.

It has been assumed in the preparation of this British Standard that the execution of its

provisions will be entrusted to appropriately qualified and experienced people, for
whose use it has been produced

WARNING. This British Standard calls for the use of procedures that may be
injurious to health if adequate precautions are not taken. It refers only to technical
suitability and does not absolve the user from legal obligations relating to health and
safety af any stage.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are respongsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages i to iv, pages 1
to 43 and a back cover.

The BSI copyright notice displayed in this document indicates when the document was
last issued.
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1 Scope

This British Standard specifies requirements for the construction and testing of armoured cables with
thermosetting insulation for rated voltages from 3.8/6.6 (7.2} kV up to 18/33 (36) kV inclusive which, when
assessed by the specified tests, produce lower levels of smoke and corrosive products under exposure to fire
compared with cables conforming to BS 6622,

Cables specified in this standard are for use in fixed industrial installations and buildings. The cables are

designed for a2 maximum continuous conductor operating temperature of 90 °C and for a maximum short
circuit conductor temperature of 250 °C.

In this standard, the level of corrosive and acid gases is determined by measurement of hydrochloric acid
(HCD) in accordance with BS EN 50267-2-1.

NOTE This is an indirect assessment method, and reference should be made to TEC 60695-5-2:1994, 5.1.5 for additional guidance.
The cable fypes specified in this standard are single-core and three-core cables as follows:

- stranded copper, stranded aluminium or solid aluminium conductors;

- cross-linked polyethylene or cross-linked ethylene propylene rubber insulation;

— copper wire or copper tape metallic screens.
Annex A gives guidance on the selection of cables of appropriate voltage designations for particular systems.
Annex B lists the information that should be provided by the purchaser with an enquiry/order for cables,
Annex C gives recommendations for the installation of cables.
Annex N gives guidance on the use of cables.

2 Normasative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this British Standard. For dated references, subsequent amendments to, or revisions of, any of
these publications do not apply. For undated references, the latest edition of the publication referred to
applies.

BS 368, Method for the measurement of voltage with sphere-gaps (one sphere earthed).

BS 443:1982, Specification for lesting zinc coatings on steel wire and for qualily requirements.

BS 923-1, Guide on high-voliage lesting techniques — Port 1: General.

BS 4066-3, Tests on electric cables under fire conditions — Part 8: Tesis on bunched wires or cables.

BS 4727-2:Group 08, Glossary of dlectrotechnical, power, telecommunications, electronics, lighting and
colour terms — Part 2: Terms particular to power engineering — Group 08: Electric cables.

BS 4828:1986, Guide for paritial discharge measurements.

BS 5099, Specification for spark testing of electric cables.

BS 6360, Specification for conductors in insulated cables and cords.

BS 7666-6.1, Specification for insulating ond sheathing materials for cables — Part 6: Thermoplastic
shealthing compounds having low emission of corrosive gases, and suitable for use in cables having low
emission of smoke when affected by fire — Section 6.1; General application thermoplastic types.

BS EN 10002-1, Tensile testing of metallic materials — Part 1: Method of test at ambient temperature.

BS EN 50266-2-1:1999, Commaon test methods for cables under fire conditions — Test for resistance lo
vertical flame propagation for o single insulated conductor or cable — Part 2-1; Procedures —

1 kW pre-mized flame.

BS EN B0267-2-1, Common test methods for cables under fire conditions - Test on gases evolved during
combustion of materials from cables — Part 2-1: Procedures — Determination of amount of halogen acid
gas.

BS EN 50268, Common test methods for cables under fire conditions — Measurement of smoke density of
cables burning under defined conditions.

BS EN 60060-2, High vollage test techniques — Part 2: Measuring systems.

BS EN 60811-1-1:1996, Insulating and sheathing materials of electric cables — Common test methods —
Part 1: General application — Section I.1: Measurement of thickness and overall dimensions — Tests for
determining the mechawnical properties.

BS EN 60811-1-2:1005, Insulating and sheathing materials of electric cables — Common test methods —
Part 1: General application — Section 1.2: Thermal ageing methods.

© BSI 12-2000 1
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BS EN 60811-1-3:1996, Insulating and sheathing maierials of electric cables — Common lest methods —
Part 1: General application — Section 1.3: Methods for determining the density — Water absorption
tests — Shrinkage test.

BS EN 60811-2-1:1995, Insulating and sheathing materials of electric cables — Common test methods —
Part 2: Methods specific to elastomeric compounds — Section 2.1: Ozone resistance test — Hot sel lest —
Mineral oil immersion lest.

3 Definitions
For the purposes of this British Standard the definitions given in BS 4727-2:Group 08 and the following apply.

3.1

rated voltage

reference voltage for which the cable is designed

NOTE This is expressed as a combination of the values Iy, I/ and U,

3.2

rated voltage Uy

nominal power-frequency voltage between any conductor and earth or metallic screen for which the cable is
suitable

33

rated voltage U/

nominal power-frequency voltage between phase conductors for which the cable is suitable

3.4
maximam voltage I/,
maximum sustained power-frequency voltage between phase conductors for which the cable is suitable

3.5

eross-linked polyethylene (XLPE)

thermosetting material formed by the crosslinking of thermoplastic polyethylene compound so as to
conform to the requirements given in this standard

3.6

cross-linked ethylene propylene rubber (EPR)

compound based on ethylene propylene rubber or similar (ethylene propylene monomer or ethylene
propylene diene monomer) which when cross-linked conforms to the requirements given in this standard
3.7

nominal value

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

NOTE In this standard, nominal values usually give rise to values to be checked by measurements taking into account specified
tolerances.

3.8

approximate value

value which is only indicative

NOTE In this standard, values described as “approximate” do not constitute requirements to be checked by measurements.

3.9

routine tests

tests performed by the manufacturer on each manufactured length of cable to check that the whole of each
length meets the specified requirements

3.1¢

sample tests

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

2 @ BST 12-2000
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3.11
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

NOTE Type tests are of such a nafure that, after they have been performed, they need not be repeated unless changes are made in the
cable materials or design or manufacturing process which might change the performance characteristics.

3.12
tests after installation
tests intended to demonstrate the integrity of the cable and its accessories as installed

4 Voltage designation

Cables are designated by the voltage Uy, U and Uy, expressed in the form Uyl (Uy).
The voltage designation of cables in this standard are:

3.8/6.6 (T2 kV 6.35/11 (12) kV
8715 (17.65) kV 12,7722 (24) kV
19733 (36) kV.

5 Conductors

8.1 General

Conductors shall be either plain annealed copper or aluminium, circular or shaped, and shall conform to
BS 6360. Copper conductors shall be stranded (class 2) and aluminium conductors shall be either solid
(class 1) or stranded (class 2).

5.2 Circular conductors
Stranded circular conductors shall be compacted or uncompacted.
5.3 Shaped conductors

Shaped conductors, when used as an alternative to circular conductors for threecore cables of rated
voltages 3.8/6.6 (7.2) kV and 6.35/11 (12) kV shall have a conductor cross-sectional area not less than the
following:
3.86.6 (7.2) kV:
6.35/11 (12) kV:

70 mm?
95 mm?

The dimensions of shaped solid aluminium conductors shall be as given in Table 1.

Table 1 — Dimensions of shaped solid aluminium conductors

Nominal Approximate dimensions of conductor Minimum corner

crogs-sectionsl radius of

ares of conductor conductor
Width Depth Back radius Corner radins
mm’ mam mm o mm am

70 11.3 7.9 9.9 2.8 26

95 13.9 9.1 114 28 2.6
120 15.8 10.2 12.8 3.0 28
150 17.9 113 139 30 28
185 20.5 126 1654 3.0 2.8
240 24.0 145 175 30 2.8
300 27.3 16.2 19.6 30 2.8

6 Conductor screen

A conductor screen consisting of an extruded layer of cross-linkable semi-conducting compound shall be
applied over the conductor and cover the surface of the conductor completely.

NOTE A semi-conducting tape may be applied prior (o the extruded layer at the discretion of the manufacturer.

The extruded conductor screen shall be applied in the same operation as the insulation and be fully bonded

to the insulation.

© BSI 12-2000
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7 Insulation

The insulation shall be either XLPE or EPR conforming to the requirements of 20.5.

The insulation shall be applied by extrusion and cross-linked to form a compact and homogeneous layer.
The colour of the insulation shall be such that it is easily distinguishable from the screening materials.
The minbmum and minimum average thickness of insulation shall be as specified in Tables 2 to 11,

8 Insulation screen

8.1 General

An insulation screen shall be applied to all cables and shall consist of a cross-linkable extruded
gsemi-conducting layer in combination with a metallic layer.

8.2 Extruded semi-conducting layer

The extruded semi-conducting layer shall consist of a bonded or strippable semi-conducting compound
capable of removal for jointing and terminating (see C.5). It shall be applied in the same operation as the
insulation, directly over the insulation, and cover the surface of the core completely.

NOTE At the discretion of the manufacturer, semi-conducting tape or a semi-conducting extruded layer may be applied over the
semi-conducting insulation screen as a bedding for the metallic layer.

8.8 Metallic layer

8.3.1 General

The metallic layer shall be applied either around each core and/or as a collective screen. For rated voltages
above 87/15 (17.5) kV, a metallic screen shall be applied around each core.

8.3.2 Melaliic screen on each core

A metallic screen applied directly over the core of single-core cables or each core in three-core cables, shall
consist of either helically applied overlapped metallic tape(s) or a concentric layer of copper wires applied
helically or in a waveform.

The copper wires shall be spaced with an average gap not greater than 4 mm. No gap shall exceed 8 mm.
NOTE 1 At the discretion of the manufacturer, a copper equalizing tape may be applied.

NOTE 2 At the discretion of the manufacturer, a binder tape may be applied over the metallic screen of single-core cables.

NOTE3 For single-core cables the armour may serve as the metallic screen.

8.3.3 Collective metallic screen

Three-core cables not having a metallic screen over each individual core shall have a collective screen of
steel wire armour applied after the cores have been laid up together and over the bedding layer (see
clauses 10 and 11).

9 Laying up

For three-core cables, the cores shall be laid up with a right-hand direction of lay. The metallic screens of
individually screened cores shall be in contact with each other. Fillers shall be used to form a substantially
compact and circular cable. The fillers shall be compatible with adjacent materials.

NOTE At the discretion of the manufacturer, a binder tape may be applied over laid-up individually screened cores.

10 Bedding layer

For single-core cables with a copper screen the bedding layer shall be extruded.

For three-core cables an extruded or lapped bedding layer shall be applied around the laid-up cores. For
cables with a metallic screen on each core the bedding layer shall be extruded. For cables not having a
metallic layer on each core the bedding shall be lapped and semi-conducting.

The extruded material, when tested in accordance with BS EN 60811-1-1, shall have a tensile strength of not
less than 4 N/mm? and elongation at break of not less than 50 %. The nominal and minimum thickness of the
exiruded bedding layer shall be as specified in Tables 2to 11.

NOTE If the bedding layer is extruded, the fillers may be applied integrally with the bedding layer.

The lapped bedding layer shall cover the surface of the laid-up cores completely. The thickness of the lapped
bedding layer shall be approximately 0.6 mm. The shape of the fillers shall not prevent electrical contact
between the insulation screen and the lapped semi-conducting bedding layer.

The materials used for the bedding layer shall be suitable for the operating temperature of the cable and
compatible with the other materials used in the cable construction.

4 © BSI 12-2000
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11 Armour

11.1 General
All cables specified in this standard shall be armoured.
11.2 Metal layer

For the armouring of three-core cables, round galvanized steel wires shall be used.

NOTE 1 Where the purchaser requires the cable to operate at 2 higher system fault level a number of galvanized steel wires may be
substituted by tinned copper wires subject to agreement with the manufacturer.

NOTE 2 When requested by the purchaser, galvanized steel tape may be used as an alternative to or in conjunction with steel wire
ANMOBL.

For the armouring of single-core cables either round aluminium wires or aluminivum strips shall be used.
The nominal dimensions of the armour shall be as specified in Tables 210 11.

Armour shall be applied helically in a single layer with a left-hand lay.

Joints in steel wire armour shall be brazed or welded and any surface irregularity removed.

Joints in aluminium wire or strip shall be made by cold pressure or fusion welding and all surface
irregularities removed.

A joint in any wire or strip shall be not less than 1 m from the nearest joint in any other armour wire or strip
in the completed cable.

12 Oversheath

12.1 Genersl

The material for the extruded oversheath shall conform to BS 7655-6.1, Type LTS 1.

NOTE Oversheaths are normally black but colours other than black may be provided by agreement between the manufacturer and the
purchaser, subject to their suitability for the particular conditions under which the cables are t0 be used.

12.2 Thickness of oversheath
The nominal and the minimum thickness of oversheath shall be as specified in Tables 2to 11

13 Marking

18.1 Marking of oversheath

The external surface of all cables shall be legibly marked with the following elements of marking, in any
sequence that is deemed neither to confuse nor conflict.

Element Example of marking
a) Electric cable ELECTRIC CABLE
b) Voltage designation

3866 (T2 RV 6600V

6.36/11 (12) kV 11000V

8.7/15 (176) kV 15000V

12,722 (24) kV 22000V

19/33 (36) kV 33000V
¢) British Standard number?) BS 7835
d) Manufacturer's identification XYZ

e) The number of cores, type and nominal area of conductors, e.g
1) Copper conductor cables: 1 X 50 shall indicate a single-core cable with a 50 mm? copper conductor;

2) Aluminium conductor cables: 3 X 50 AL shall indicate a three-core cable with 50 mm? aluminium
conductors.

The marking of elements a) to d) shall be by embossing or indenting on the oversheath,
D Marking BS 7835 on or in relation t0 a product represents 3 manufacturer's declaration of conformity, i.e. a claim by or on behalf of

the manufacturer that the product meets the requirements of the standard. The accuracy of the claim is solely the claimant’s
responsibility. Such a declaration is not to be confused with third party certification of conformity, which may also be desirable.

© BSI 12-2000 b
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Elements a), b) and ¢) shall appear on two or more primary lines along the axis of the cable, approximately
equally spaced around the circumference of the cable.

Elements d) and e) shall appear on at least one line.

NOTE They may be on one of the primary lines or a secondary line or lines and need not be on the sarme line.

T?g letters and figures shall consist of upright block characters. The characters shall have a minimum height
of 3 mm.

The distance between the end of one element of marking and the beginning of the next identical element
shall be not greater than 550 mm, for items a), b) and ¢), and not greater than 1 100 mm for items d) and e).

13.2 Identification of year of manufacture

A means of identifying the year of manufacture of the cable shall be provided throughout the length of the
cable, either internally or by marking on the surface of the cable.

If the identification is internal the distance between the end of one mark and the beginning of the next mark
shall be not greater than 550 mam.

NOTE An identification thread may be used as an alternative to internal marking.

if the identification is by marking on the surface, the maximum distance between marks shall be 1 100 ram.

13.3 The mark of an approval organization

If the mark of an approval organization is used, it shall be provided throughout the length of the cable, either
as a mark on the surface of the cable, or as an identification thread, as specified by the approval
organization.

If the mark is applied to the cable it shall be on the surface in the form of the symbol(s) specified by the
approval organization, and shall conform to 13.1 d) and e) in respect of the maximum distance between
marks.

13.4 Additional marking

Where additional marking is made, it shall be throughout the length of the cable, either on the extemnal
surface of the cable, or by means of a tape or thread within the cable, or by a combination of these methods.
If the additional marking is applied to the surface of the cable it shall not render illegible the marking
specified in 13.1 to 13.3.

The additional marking, however made, shall be repeated at intervals not exceeding 1 100 mm.

14 End sealing

Before despatch, the manufacturer shall cap the ends of all cable in order to form a seal to prevent the
ingress of water during transportation and storage.

15 Dimensions

The dimensions of the component layers shall be as given in Tables 2to 1L
NOTE 1 In addition the approximate overall diameters for the following designs of cable are given.
a) Single-core armoured cables with:
— cOpper tape screen;
- gxtruded bedding layer;
- glurninium round wire armour.
b) Three-core anuoured cables with:
— copper tape screen on each corg;
-~ gxtruded bedding layer;
— gadvanized round steel wire armour.

NOTE2 The spproximate overall diameters are given for information only. If more precise values are required the manufacturer should
be consulted.

KOTE3 For single-core cables the approximate overall diameters relate to cables with round wire armour and may be somewhat less
for cables with strip armour.

NOTE4 The approximate averall diameters given for cables with circular stranded conductors up o and including 630 mm? are based
on the use of compacted conductors.

NOTES Any smaller conductor cross-sections than those given in Tables 2 to 11 are not recommended. Designa excluded from this
specification are indicated by a dash in the tables.

For designs other than those listed, the table specifying the most closely similar design shall be used to
determine the dimensions of the various component parts.

6 © BSI 13-2000
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Table 2 — Single-core cables 3.8/6.6 (7.2) kV

Nominsl Thickness of insulation Thickness of bedding Nomiunal | Armour strip dimensions| Thickness of oversheath Approximate oversll
cross-sectional layer AXIROBT dismeter
area of Min. st a Mir. Min. st s Nominal wire Thickness Width Min. at = Nominsl Selld Stranded
conductor point average point diameter point alominiom | conductors
conductors
mm? ram ram mm mm mm mm mm e mrn mm mm
50 2.15 2.5 0.78 12 1.6 1.0 3.6 1.24 18 2589 26.7
70 2.16 26 0.78 12 18 1.0 3.6 1.24 1.8 275 284
96 2.16 25 0.76 1.2 1.6 1.0 3.6 1.32 1.9 203 30.3
120 2.16 2.5 0.76 12 1.6 1.0 3.6 1.32 1.9 3086 319
160 2.15 25 0.76 12 1.6 1.0 3.6 1.40 2.0 32.2 33.5
185 2.15 2.5 0.76 12 20 14 4.8 1.40 20 346 36.1
240 224 2.6 0.76 1.2 20 14 4.8 1.48 2.1 872 38.9
300 2.42 2.8 0.76 1.2 20 14 4.8 1.66 22 389 41.8
400 2.60 30 0.76 1.2 20 14 4.8 1.64 23 e 45.6
B30 2.78 32 0.84 13 25 1.8 6.4 1.80 2.5 o 50.56
630 2.78 32 0.92 14 25 1.8 6.4 1.88 2.6 e 54.6
800 2.78 3.2 0.92 14 25 1.8 6.4 1.96 2.9 e 608
1000 2.78 3.2 L0 15 25 1.8 64 212 29 - 65.9
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Table 3 — Three-core cables 3.8/6.6 (7.2)kV

Nominal Thickness of insalation Thickness of bedding Nominal | Thickness of oversheath Approximate overall diameter
“”:::;‘g‘““' Min. st a Hin. at ahyer “w.;;’enr Circular conductors Shaped conductors
conductor point ‘mﬁ point ol | dtesmeter Min. Nominal Solid Stranded Solid St:xa.nded
aluminiom alaminiom
mm? mm i mm mm mm mm mm mr mmn mm mm
i0 2.16 2.6 0.76 1.2 2.0 148 2.1 37.9 384 e —
i6 2.15 25 0.76 12 20 1.56 2.2 40.1 40.7 e —_
25 215 2.6 0.76 1.2 20 1.66 2.2 424 43.3 e —
35 2.156 2.6 0.76 12 2.0 1.64 2.3 448 46.1 — —
50 2.15 2.5 0.84 1.3 2.6 1.80 2.5 48.7 50.3 . o
70 2.16 2.5 0.584 1.3 2.6 1.88 2.6 52.2 54.2 50.0 50.8
95 2.15 2.5 0.92 14 26 1.96 2.7 56.2 58.3 B3.1 54.3
120 2.16 2.5 1.60 15 25 2.04 2.8 59.6 62.1 558 574
150 2.15 2.5 1.00 1.5 2.6 2.12 2.9 62.5 65.3 582 60.3
185 2.1 25 1.08 16 2.5 2.20 3.0 66.4 65.6 61.3 63.8
240 2.24 26 1.18 1.7 2.5 2.36 3.2 72.2 75.8 66.1 69.1
300 2.42 2.8 1.24 18 3.15 2.60 3.5 79.7 83.8 72.8 76.3
400 2.60 3.0 140 2.0 3.16 276 3.7 e 92.1 —_— e
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Table 4 — Simngle-core cables 6.35/11 (12)kV
Thickness of insulation: miniraum average: 3.4 mm
minimum at a point: 2.6 mm
Nominal | Thickness of bedding | Nominal Armour strip Thickness of Approzimate overall
LTOBE- layer armour dimensions oversheath diameter
sectlon®l | Min.ata | Nominal | "%  ['hickness| Width | Min.ate | Nominal | Solid | Stranded
conductor point point :lo:}:ui?t:: conductors
rarn? un um mm mm mm mm mm mm mm
50 0.76 1.2 1.6 10 3.6 1.24 1.8 2717 285
70 0.76 12 16 1.0 36 1.32 1.9 20.5 304
85 0.76 1.2 16 1.0 3.6 132 18 311 32.1
120 0.76 1.2 1.6 1.0 36 1.40 2.0 326 33.9
150 0.76 1.2 20 14 48 1.48 2.1 350 36.3
185 0.76 1.2 20 L4 4.8 148 2.1 36.8 381
240 0.76 1.2 2.0 14 4.8 1.66 2.2 39.0 40.7
300 0.76 12 2.0 14 48 1.56 22 41.1 43.0
400 0.76 12 2.0 14 4.8 172 24 — 465
BOO 0.84 13 2.5 1.8 6.4 1.80 2.5 — 50.9
630 0.92 14 2.5 18 6.4 1.88 2.6 — 55.0
800 0.92 14 2.5 1.8 64 1.96 2.7 - 61.2
1000 1.00 1.5 2.6 1.8 6.4 2.12 29 — 66.3
Table 5 — Three-core cables 6.36/11 (12) kV
Thickness of insulation: minimum average: 3.4 mm
minimum at a point: 2.96 mun
Nominal | Thickness of bedding | Nominal Thickness of Approxzimate overall diameter
“‘:‘3;;' al layer ”‘;‘:?:r oversheath Circular conductors Shaped conductors
greaof | Min.ata | Nominal | diameter | Min. ats | Nominal Seolid Stranded Solid Stranded
conductor point polnt alomintnm sluminiam
mm2 mm wam mm ivivid mm mm mam mm man
16 0.76 1.2 2.0 164 2.3 44.2 4.8 - e
25 0.84 1.3 2.5 1.72 24 479 488 e e
35 0.84 1.3 2.5 1.80 2.5 50.3 51.6 — —
50 0.92 14 2.6 1.88 2.6 53.0 54.6 o .
70 0.92 14 2.5 1.96 27 56.5 B8.6 — —
95 L.00 15 2.5 204 2.8 60.6 62.6 B7.9 59.1
120 1.08 1.6 2.5 2.20 3.0 84.0 66.6 60.8 62.6
150 1.08 1.6 2.5 2.28 3.1 67.0 69.8 63.3 65.4
186 1.16 1.7 2.5 2.36 3.2 70.9 74.1 66.4 689
240 1.24 18 315 2.62 34 77.6 81.2 72.0 75.1
300 1.32 18 3.16 2.68 a6 82.7 86.8 76.4 79.9
400 1.40 2.0 3.16 2.84 3.8 o 94.1 - o

© BSI 12-2000 9
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Table & — Single-core cables 877/15 (17.5) kV

Thickness of ineulation: minimum average: 4.5 mm
minimum at a point: 3.956 mm
Nominal | Thickness of bedding | Nominal Armour strip Thickness of Approximate overall
croas- layer armour dimensions oversheath diameter
sectional ™3, "ot | Nominal | , ¥® [ “Thickness| Width | Min.ata | Nominal | Sold | Stranded
area of point diameter point sluminium | conductors
conductor conductors
am® mm mm ram mm mm mm mm mm ram
60 0.76 1.2 1.6 1.0 3.6 1.32 19 30.1 30.8
70 0.76 1.2 1.6 1.0 3.6 1.32 19 317 32.6
95 0.76 12 2.0 14 48 140 2.0 34.3 35.3
120 0.76 12 2.0 14 48 148 2.1 3.8 371
150 0.76 12 2.0 14 4.8 1.48 2.1 37.2 38.5
185 0.76 1.2 2.0 14 48 1.56 2.2 39.0 40.5
240 0.76 12 20 14 48 1.64 23 414 43.1
300 0.76 1.2 2.0 14 48 1.64 2.3 435 45.4
400 (.84 1.3 25 1.8 6.4 1.80 2.5 e 50.1
500 0.84 13 2.5 1.8 64 1.88 2.6 — 533
630 0.92 14 2.5 18 64 1.96 2.7 — 57.4
800 1.00 L5 2.5 18 64 2.04 2.8 . 63.8
1000 1.08 1.6 25 18 64 2.20 3.0 e 68.9
Table 7 — Three-core cables 8.9/18 (17.5)kV
Thickness of insulation: minimum gverage: 4.5 mm
minimurm at a point: 3.95 mm
Nominal Thickness of bedding layer Nominal Thickuness of oversheath Approximate overall
Cross- armonr wire diameter
3:;’:‘:::;1 Min. at a Nominal diameter Min. at a Nominal Circular conductors
conductor point point Solid Stranded
aluminiam
rn? oI mm o T an mm mm
25 0.2 14 2.5 1.88 2.6 53.3 64.2
36 0.82 14 2.5 196 2.7 B5.6 57.0
50 1.00 1.5 2.5 2.04 2.8 58.3 60.0
70 1.00 1.5 2.5 212 29 61.9 63.8
95 1.08 1.6 2.5 2.20 30 65.8 67.9
120 1.16 1.7 2.6 2.28 3.1 60.1 718
160 1.16 1.7 2.5 2.36 32 722 75.0
185 1.24 1.8 3.16 2.62 34 776 80.8
240 1.32 19 3.156 2.68 3.6 82.9 86.6
300 1.40 2.0 3.16 2.76 379 878 91.9
400 1.48 21 3.16 3.00 40 e 904
10 ® BSI 12-2000
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Table 8 — Single-core cables 12.7/22 (24) kV
Thickness of insulation: minimum average: 5.5 mm
minimura at 2 point: 4.85 mm
Nominal | Thickness of bedding | Nominal Armour strip Thickness of Approzimate overall
CTo8s- layer armour dimensions oversheath diameter
sectional "y "o¢'a | Nominal wite 'pyickness| Width | Min.ata | Nominal | Solld | Stranded
co.;de;c‘::u point diameter point :!ot:dn‘i:cﬂmu?; conductors
mm® mm mm nam mm mm mm mm mm m
50 0.76 1.2 1.6 1.0 3.6 140 2.0 32.3 33.1
70 0.7 1.2 20 14 48 1.40 2.0 34.7 356
95 0.76 1.2 2.0 14 48 148 21 36.6 376
120 0.76 1.2 20 14 48 1.48 2.1 37.8 0.1
150 0.76 1.2 2.0 14 4.8 1.56 2.2 39.4 40.7
1856 0.76 1.2 2.0 14 4.8 1.66 22 410 425
240 0.6 1.2 20 14 48 164 2.3 434 45.1
300 0.84 1.3 256 1.8 6.4 1.72 24 46.5 48.8
400 0.84 1.3 2.5 18 6.4 1.80 25 e 52.1
500 0.92 14 26 1.8 6.4 1.88 2.6 e 55,5
630 0.82 14 25 1.8 64 2.04 2.8 — 59.6
800 1.00 15 2.5 18 6.4 2.12 29 e 66.6
1000 1.08 1.6 2.5 18 6.4 220 3.0 e 709
Table § — Three-core cables 12.9/22 (24) kV
Thickness of insulation: minimuwm average: b.5 mum
minimum at a point 4.85 mm
Nominal Thickness of bedding layer Nominal Thickness of oversheath Approximate overall
cross- armour wire dismeter
s;c;i:n;;] Min, st a Nominal diameter Min.at a Nominal Cirenlar conduectors
conductor point point Solid Strapded
slnminium
am? mm mm Trum mm mm mm i
35 1.00 15 25 204 2.8 60.3 61.7
50 1.00 1.5 2.8 2.12 29 62.9 64.6
70 1.08 1.6 2.5 2.20 3.0 66.6 68.6
96 116 1.7 25 2.36 3.2 70.7 72.8
120 116 1.7 3.16 2.44 3.3 75.1 T8
160 1.24 18 3.16 2.52 34 78.4 81.2
185 1.32 1.2 3.16 2.68 3.6 82.6 8.7
240 140 2.0 3.16 2.76 3.7 877 91.3
300 1.40 20 3.16 2.92 3.9 92.6 96.6
400 1.56 2.2 3.16 3.08 4.1 — 14.1
© BSI 12-2000
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Table 10 — Single.core cables 19/33 (36) kV

Thickness of insulation: minimum average: 8.0 mm
minimum af a point 7.10 mm
Nominal | Thickness of bedding | Nominal Armour sivip Thickness of Approximate overall
CPOBH- layer armour dimensions oversheath diameter
sectional "y "ora T Nominal | |, "I'®  Thickness| Width | Minm. ata | Nominal | Solid | Stranded
srea of point diameter point alominium | conductors
conduetor condnctors
wam? mam mm mm mm m mm mm mm ram
50 0.76 1.2 2.0 14 48 1.56 2.2 385 39.3
70 0.76 12 2.0 14 48 1.66 2.2 40.1 41.0
g5 0.76 1.2 2.0 14 48 1.64 2.3 41.9 42.9
120 0.76 1.2 2.0 i4 48 1.64 2.3 432 44.5
150 0.84 1.3 25 18 6.4 1.72 24 46.0 47.3
185 0.84 13 25 18 6.4 1.80 25 478 49.3
240 0.84 13 26 18 6.4 1.80 25 50.0 51.7
300 0.92 14 2.5 18 6.4 1.88 286 B2.5 54.5
400 0.92 14 2.5 18 684 1.86 29 e B7.7
500 1.00 15 2.5 18 6.4 2.04 2.8 o 61.1
630 1.00 15 2.5 18 6.4 212 29 e 65.0
800 1.08 1.6 25 18 64 2.28 3.1 —_ 71.6
1060 1.16 1.7 2.5 18 6.4 2.36 3.2 e 76.5

Table 11 — Three-core cables 19/33 (36) kV

mininaunm average: 8.0 mun
paininum at & point: 7.10 mm

Thickness of insulation:

Nominal Thickness of bedding layer Nominal Thickness of oversheath Approximate overall
cross- armour wire dismeter
sectiondl | Min. at a Nominal dlameter |y st a Nominal Circular conductors
conduetor point point Solid Stranded
aluminium
mm? mm mm i mm mm mm mm
50 1.24 1.8 3.16 2.52 34 76.6 78.2
70 1.24 1.8 315 2.60 385 80.1 82.1
95 1.32 1.8 3.16 2.68 3.6 84.0 86.1
120 146 2.0 3.1 2.76 37 873 90.0
150 140 2.0 3.15 2.84 38 8904 93.2
185 1.48 2.1 3.15 292 39 94.3 97.6
240 1.56 2.2 3.16 3.08 4.1 99.7 1083
300 1.64 2.3 315 324 43 1048 1088
400 1.72 2.4 a.1b 340 4.5 . 1161
16 Schedule of tests
Testing shall be performed in accordance with the schedule of tests given in Table 12.
NOTE 1 Tests clagsified as “routine” or “sample” may be required as part of any type approval schemes.
NOTE 2 Guidance on type testing is given in annex D,
12 © BSI 12-2000
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Table 12 — Schedule of tests

Test Test method and requirements given
in clanse
Routine tests
Spark test 18.2
Conductor resistance 183
Partial discharge test 184
Voltage test on complete cable 185
Cable markings 18.8
Sample tesls
Conductor material and construction 184
Conductor screen - application 18.5
Insulation — hot set 158
— colour 18.7
— thickness 19.8
Insulation screen — application 19.9
Metallic layer - application 18.10
Laid-up cores 18.11
Extruded bedding layer — thickness 18.12
Lapped bedding layer — application 19.13
Armour
— galvanized steel wires — diameter 18.14
— aluminium wires (round) — diameter 19.14
- aluminium strips - gimnensions 18.18
(Oversheath - thickness 18.16
Tests under fire conditions - fire test on single cable 18.17
— smoke emission 19.18
Four-hour voltage test 18.19
Type tests
Material tests
Corner radii of shaped solid conductors 20.2
Corrosive and acid gas 20.3
Conductor screen — registivity 20.4
Insulation — aterial 205
Insulation screen e pESiStivity 206
— gtrippability 20.7
Extruded bedding layer — material 20.8
Armour
~ galvanized steel wires — mass of zinc coating 208
— Wrapping test 20.10
- Wei compatibility 20.11
- aluminium wires (round) — tensile test 20.12
~— aluminium strips — tensile test 20.12
Oversheath — material 20.13
Compatibility test 20.14
© BSI 12-2000
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Table 12 — Schedule of tests [conlinued)

Test Test method and requirements given
in clanse
Tests under fire conditions
— test for flame propagation 20.18
— smoke emission 20.16
Abrasion test 20.17
Test for shrinkage of sheath on cable 20.18
Electrical tests
Sequential type tests
Partial discharge test 21.2
Bending test 21.3
Power factor (tan &) in relation to voltage 214
Power factor (fan 4) in relation to temperature 21.5
Heat cycle test 21.6
Impulse test 217
Four-hour voltage test 21.8
Adherence of screens at short circuit femperatures 219
Insulation resistance constant of oversheath 21.10

17 Test conditions

1%7.1 Ambient temperature

Tests shall be made at an ambient temperature within the range 5 °C to 35 °C unless otherwise specified in
the details of the particular test.

17.2 Tolerance on temperature values

Unless otherwise specified, the tolerance on temperature values quoted in the test methods shall be as
shown in Table 13.

Table 13 — Tolerances on temperature values

Specified temperature, ¢ Tolerance
°C G
-4 =<i=<0 +2
0<t=50 in accordance with relevant clause
Bl <t= 150 12
t > 1560 3

17.3 Frequency and waveform of power-frequency test voltages

Unless otherwise specified, alternating test voltages shall have a frequency between 49 Hz and 61 Hz. The
waveform shall be substantially sinusoidal.

18 Boutine tests

18.1 General

Routine tests shall be as specified in Table 12.

18.2 Spark test on oversheath

The oversheath shall be tested in accordance with BS 5099, No breakdown shall occur.

18.3 Conductor resistance

The d.c. resistance of each conductor shall conform to BS 6360 when measured and corrected t0 20°C in
accordance with that standard.

14 © BSI 12-2000
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18.4 Partial discharge

The cable shall be tested in accordance with annex E and the magnitude of the discharge on each core shall

not exceed 10 pC, at the voltage specified in Table 14.

Table 14 — Voltage for partial discharge test

Test voltage r.m.e.
kv

Bated voltage, Uy
kv
3.8
6.35
87
127
180

7.5
12.5
176
25.6
38.0

18.5 Voltage test on complete cable
18.5.1 Method

Apply the voliage between the conductor{s) and the metallic screen(s) with the metallic screen(s) earthed.

Raise the voltage gradually and maintain at the full value for 15 min.

18.5.2 Requirement

No breakdown of the insulation shall occur when the completed cable is subjected to a power frequency

voltage of the magnitude specified in Table 15.

Table 15 — Voltage for test on complete cable

Test voltage r.m.s.
kv

Bated voltage, U,
kv
3.8
6.35
8.7
127
18.0

150
266
360
51.0
76.0

18.6 Cable markings

The cable markings shall be checked by visual examination and measurement and shall conform to the

requirements of clause 13.

19 Sample tests

19.1 General
Sarnple tests shall be as specified in Table 12,

19.2 Frequency of sample tests

Tests shall be carried out on samples taken according to agreed quality control procedures. In the absence of
such an agreement for contracts where the total length exceeds 2 km of three-core or 4 ki of single-core
cables, the insulation hot set test, smoke emission test and four-hour voltage test shall be performed on

samples of manufactured cables, in accordance with Table 16.

© BSI 12-2000
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Table 16 — Number of sample tests

Three-core cables Simgle-core cables Number of samples
Above Up to and including Above Up to and including
km km lom kam
2 10 4 20 1
10 20 20 40 p
20 30 40 60 3
ete. ete. efc. efe. efc.

All other sample tests 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.

19.3 Repetition of tests

If any sample fails in any of the tests specified in 19.1, two further samples shall be taken from the same
batch and submitted to the same test or tests in which the original sample failed. I both additional samples
pass the tests, all the cables in the batch from which they were taken shall be regarded as conforming to the
reguirements of the standard. If either of the additional samples fails, the batch from which they were taken
shall be regarded as failing to conform.

1.4 Conductor material and construction

The conductor material and construction shall be checked by visual examination and shall conform to the
requirements of clause 5.

18.5 Conductor screen

The application of the conductor screen shall be checked by visual examination and shall be continuous and
cover the surface of the conductor completely.

19.6 Hot set test of insulation

The insulation shall be tested in accordance with BS EN 60811-2-1:1995, clause 9 and shall conform to the
requirements of Table 17,

Table 17 — Hot set test conditions and requirements

XLPE EPFR
Conditions

Temperature 200 °C 260 °C
Duration 15 min 15 min
Mechanical stress 0.2 N/mm? 0.2 N/mm?

Reguirements
Maximum elongation under load 175 % 176 %
Maximum elongation after unloading 15% 15%

18.7 Colour of insulation

The colour of the insulation shall be checked by visual examination and shall be easily distinguished from
the screening materials.

19.8 Thickness of insulation

The thickness of insulation shall be measured in accordance with annex F. The thickness of extruded
conductor and insulation screens shall not be included in the measured insulation thickness. When compared
with the relevant value given in Tables 2 to 11 the smallest of the measured values shall be not less than the
specified minimum thickness at a point. Similarly, the average of the measurements shall not be less than the
specified minimum average thickness.

16 © BSI 12-2000
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19.9 Insulation screen

The application of the insulation screen shall be checked by visual examination and shall be continuous and
cover the surface of the insulation completely.

19.10 Metallic layer

The gap between adjacent wires of a copper wire screen shall be measured and the average gap shall not
exceed 4 mun. No gap shall exceed 8 yam.

18.11 Laid-up cores
The laid-up cores shall be checked by visual examination and shall conform to the requirements of clause 9.
19.12 Extruded bedding layer

The thickness of the extruded bedding layer shall be measured in accordance with annex F. When compared
with the relevant value specified in Tables 2 to 11 the smallest of the measured values shall be not less than
the specified minimum thickness at a point.

19.13 Lapped bedding layer

The application of the lapped bedding layer shall be checked by visual examination and shall conform to the
requirements of clause 10.

18.14 Wire armour
19.14.1 Method

Take 10 % of the total number of wires, at random, from one sample of completed cable and determine the
diameter of each wire with a micrometer by taking two measurements at right angles to each other.

Take the average of all the measurements as the wire diameter.

19.14.2 Reguirement

The diameter of the round armour wires, whether galvanized steel or plain aluminium, shall not fall below
the relevant nominal value specified in Tables 2 to 11, as appropriate, by more than 5%

18.15 Strip armour
19.15.1 Method

Take 10 % of the total number of strips, at random, from one sample of completed cable and measure the
thickness and width of each strip by using a dial micrometer or vernier calliper.

Take the average of the respective measurements as the thickness and width of the strip.
19.15.2 Requirement

The thickness and width of individual strips of aluminium armour shall not differ from the relevant values
specified in Tables 2 to 11, as appropriate, by more than 5 %.

18.16 Oversheath thiclness

The thickness of the oversheath shall be measured in accordance with annex F, When compared with the
relevant value given in Tables 2 to 11, the smallest of the measured values shall be not less than the specified

minimum thickness at a point.
19.17 Flame propagation onr single cable

The finished cable shall be tested in accordance with BS EN 50265-2-1. After the test the cable shall conform
to the performance requirements recoramended in BS EN 50265-2-1:1999, annex A

19.18 Smoke emission test

When a sample of completed cable with a tabulated?} overall diameter up to and including 70 mm is tested in
accordance with BS EN 50268, the smoke generated shall not result in transmittance levels lower than 60 %.
This requirement does not apply to cables with a tabulated overall diameter greater than 70 mun.

NOTE For cables with a tabulated overall diameter grester than 70 mun the test method and requirements are under consideration.

%) See relevant construction table (Tables 2 to 11).
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19.19 Four-hour voltage test

19.19.1 Method
Earth the screen(s) of a piece of cable not less than 5 m in length between terminations. Subject the cable to
an alternating power frequency voltage applied between each conductor and the screen(s).

Increase the voltage graduslly to the specified value and maintain it at that value for 4 h. Apply the voltage
continuously, but if there are any unavoidable interruptions during the 4 h period, increase the period by the
time of the interruptions. Ensure that the total of such interruptions does not exceed 1 h, otherwise restart
the test.

18.19.2 Requirement

No breakdown of the insulation shall occur when the completed cable is subjected to a power frequency
voliage of the magnitude specified in Table 18.

Table 18 — Four-hour voltage test

Bated voltage, U, Test voltage r.m.s.
kv kv
38 16.0
6.356 25.5
8.7 35.0
127 510
18.0 76.0

20 Type tests — Materials

20.1 General
Type tests shall be as specified in Table 12,

20.2 Corner radii of shaped solid conductors

Remove a sample of the conductor to be tested from the end of the cable. By means of an optical projection
method, compare the corner radii with a suitable template of the required radius as specified in Table 1. The
minimum corner radii for shaped solid aluminium conductors shall be as specified in Table 1.

20.3 Corroslve and acld gas

Every non-metallic material shall be tested in accordance with BS EN 50267-2-1. The level of HCI shall be not
greater than 0.5 %

20.4 Conductor screen reslstivity

The resistivity of the extruded screen shall be measured in accordance with annex G and shall not
exceed 500 {l-m at 90 °C.

18 © BSI 12-2000
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20.5 Insulation
The insulation material shall be tested and shall conform to the requirements of Table 18,

Table 18 — Cross-linked polyethylene (XLPE) and ethylene propylene rubber compound

(EPR) insulation
Teat Test method in sccordance Beguirements
with BS EN 60811:1998
Section Clause XLPE EFR

Properties in the state as dellvered i-1 9
Minirmum tensile strength 12.5 Nfmam? | 4.2 N/mm?
Minimum elongation at break 200 % 200%
Properties aqfter ageing in air oven 1-2 8.1
Temperature i3 °C 135 °C
Duration 168h 168 h
Maximum variation for tensile strength? 26 % 30%
Maximum variation for elongation at break?® 259% 30%
Properties gfter ageing in air bomb 12 8.2
Temperature e 127 °C
Duration — 40h
Maximum variation for tensile strength® — 30%
Maximum variation for elongation at break?® — 30 %
Water absorption — gravimetric method | 1-3 9.2
Temperature 85°C 85°C
Duration 336h 336 h
Maximum increase of mass Img/iem? |5 mg/ems
Shrinkage test 13 9.2
Distance between marks “L” 200 rom -
Temperature 1306 °C —
Duration ih —
Maximum shrinkage 4% —
Ozone resistance test 21 8.1
Temperature e (26+2)°C
Duration e 30h
Ozone concentration . 250 ppm to 300 ppm
Visual observation — 1o cracks
:h'ihg ;Tanm:ﬁon is the difference between the regpective values obtained prior to and afier heat treatment expressed as a percentage of

20.6 Insulation screen resistivity

The resistivity of the extruded screen shall be measured in accordance with annex G and shall not
exceed 500 (-m at 90 °C.

20.7 Insulation screen cold strippability
20.7.1 General

Where the manufacturer claims that the screen is strippable, the test specified in 20.7.2 shall be performed
at (201 5)°C.

© BSI 12-2000 18



STD.BSI BS 7835-ENGL 2000 BB 1b24bLLY 0885L5S LAA mE
BS 7835:2000

20.7.2 Method
From the cable to be tested, take a core sample of approximate length 400 mm.

Make two parallel cuts, separated by (13 £ 1) mm, in the semi-conducting insulation screen material, down to
the insulation and longitudinally from end to end of the core sample.

Remove approximately 50 mm length of the 13 mm wide strip from each end of the core by pulling it away
from the core manually.

Mount the sample in a tensile test machine, with one end of the strip clamped in the upper jaws, and with
the sample held horizontally at approximately 90° to the clamped strip. Using a pulling speed of
approximately 8 mm/s, measure the force required to separate the 13 mm strip, whilst maintaining the strip at
approximately 90° to the sample. Continue the movement until approximately the midpoint of the sample is
reached.

Repeat the test from the other end of the sample.

20.7.3 Requirement
The force required to remove the insulation screen shall be not less than 18 N and not more than 80 N.

20.8 Extruded bedding layer

The extruded bedding layer material, when tested in accordance with BS EN 60811-1-1, shall have a tensile
strength not less than 4 N/mm? and elongation at break not less than 50 %.

20.9 Mass of zinc coating of galvanized steel wires

20.9.1 Method

Take, at random, 10 % of the total number of wires from one sample of completed cable and determine the
mass by either a gravimetric or gas volumetric method as described in BS 443:1982, clause 8.

Take the average of all the measurements as the mass of zinc coating.

20.9.2 Reguirement
The mass of zinc coating of galvanized stee] wires shall conform to Table 20.

Table 20 — Mass of zinc coating

Nominal diameter of armour wire Minimom mass of zine coating per sqguare metre
mm 8
1.6 172
2.0 180
25 195
3.16 206

20.10 Wrapping test for galvanized steel wires

20.10.1 Method

Take, at random, 10 % of the total number of wires from one sample of completed cable. Wrap each wire
round a cylindrical mandrel for one complete turn. The mandrel shall have a diameter of approximately four
times the specified nominal diameter of the wire under test.

20.10.2 Requirement

The mechanical characteristics of the galvanized steel wire armour wires shall be such that none of the wires
shall break.

20.11 Wet compatibility test for galvanized steel wires

20.11.1 Method

Galvanized steel wires in contact with semi-conducting carbon loaded tape layers shall be subjected to a wet
compatibility test in accordance with annex H.

20.11.2 Requirements

After 7 days the d.c. potential developed across the resistor shall not exceed 0.7 mV. In addition, when
viewed without magnification there shall be no visible evidence of rusting on the surface of the immersed
portion of the wire or red/brown discoloration of the solution.
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20.12 Tensile test for aluminium wires and strips
20.12.1 Method

Take, at random, 10 % of the total number of wires or strips from one sample of completed cable. Measure
the tensile strength of each wire or strip in accordance with BS EN 10002-1, except that in the case of the
aluminium strip, the cross-sectional area shall be determined, to an accuracy of £1 %, from the mass of a
known length and assuming a density of 2.703 g/cm?.

Take the average of all the measurements {0 be the tensile strength.

20.12.2 Requirement

The tensile strength of aluminium wires shall be not less than 125 N/mm?,

The tensile strength of the individual strips of aluminium armour shall be not less than 145 N/mm?.
20.13 Oversheath

The oversheath material shall conform to BS 7656-6.1: Type LTSL

20.14 Compatibility test

20.14.1 Method

Perform the test for compatibility by heating samples of completed cable in an air oven for 7 days at 100 °C,

using the procedure specified in BS EN 60811-1-2, and then measuring the properties of the components as
follows.

a) Oversheath: tensile strength and elongation at break (test procedures as specified in
BS EN 60811-1-1:1995, clause 9).

b} Extruded bedding layer: tensile strength and elongation at break (test procedures as specified in
BS EN 60811-1-1:1995, clause 9).

¢) Insulation: tensile strength and elongation at break (test procedures as specified in
BS EN 60811-1-1:1995, clause 9).

d) Insulation screen: resistivity at 80 °C and strippability (if required) (test methods as specified in
annex G and 20.7.1, respectively).

e) Conductor screen: resistivity at 80 °C (test method as specified in annex G).
20.14.2 Regulrement
The cable shall conform to the requirements specified in Table 21.

Table 21 — Compatibility requirements

Compounent Test Reguirements

Oversheath Minimum tensile strength 10 N/mm?

Minimum elongation at break 100 %

Maximum variation of tensile strength® 40%

Maximum variation of elongation at break?® 40%
Extruded bedding layer | Minimum tensile strength 6 N/mm?

Minimurma elongation at break 100 %

Maximum variation of tensile strength? 40 %

Maximum variation of elongation at break® 40%
Insulation screen Maximum resistivity at 90 °C 1006 Qm

Force to remove strippable screen IS8Nto&N

ELPE EPR

Insulation Maximum variation of tensile strength® 25% 30 %

Maximum variation of elongation at break® 25 % 30 %
Conductor screen Maximum resistivity at 80 °C 1000 0-m
;’ih: Q;han(;raﬁon is the difference between the respective values obtained prior to and after heat treatment, expressed as a percentage of
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20.15 Flame propagation on multiple cables

When a complete cable is tested in accordance with BS 4066-3, it shall conform to the requirements specified
in BS 4066-3 for category C.

20.16 Smoke emission test

When & sample of completed cable with a tabulated® overall diameter up to and including 70 mm is tested in
accordance with BS EN 50268, the smoke generated shall not result in transmittance levels lower than 60 %.
This requirement does not apply to cables with a tabulated overall diameter greater than 70 mm.

NOTE For cables with a tabulated overall dismeter greater than 70 mm the test method and requirements are under consideration.
20,17 Abrasion test

When a sample of complete cable is tested in accordance with annex J, the oversheath, when viewed without
magnification, shall show no visible cracks or splits in the external or internal surface,

20.18 Test for shrinkage of oversheath on cable

When a sample of complete cable is tested in accordance with annex K, the shrinkage shall not exceed 4 %.

21 Type tests — Electrical

21.1 General

The electrical tests specified in 21.2 to 21.8 shall be performed on a sample of cable not less than 10 m in
length between terminations (excluding accessories, if any) in the sequence specified in Table 12. The tests
specified in 21.9 and 21.10 shall be carried out on separate samples of cable.

21.2 Partial discharge test

The cable shall be tested in accordance with annex E and the magnitude of the discharge on each core shall
not exceed § pC, at the voltage specified in Table 14

21.3 Bending test

21.3.1 Method

The diameter of the cylinder for the bend test shall be not greater than the following:
— for single-core armoured cables: 16(D + d);
— for three-core armoured cables: 12(D + d);

where
D is the approximate overall diameter as given in Tables 2 to 11, as appropriate (in m);
d  is the diameter of the conductor (in mm).

ROTE If the conductor is not cireular, & = 1.13 S, where § is the nominal cross-sectional area (in mun®),

Bend the cable sample around the test cylinder for at least one complete turn, at ambient temperature.
Unwind and repeat the process but this time bend the sample in the reverse direction, Perform this cycle of
operations a total of three times,

After completion of the bending test, visually examine the sample (with normal or corrected vision without
magnification). Finally, subject the sample to the partial discharge test described in annex E.

21.3.2 Reguirement

The cable shall show no evidence of cracking.

The cable sample shall satisfy the partial discharge test requirements given in 21.2.

21.4 Tan § test in relation te voltage

The tan § of each core of the sample shall be measured at ambient temperature with a.c. voltages equal
1o 0.6Uy, 1.0y and 2.0Uy and shall not exceed the limits specified in Table 22,

% See relevant construction table (Tables 2 to 11).
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Table 22 — Tan 4 in relation to voltage

Property XLPE EPR
Maximum tan § at Uy 40 % 1074 200 x 104
Maximum increase in tan & (0.5Up to 2.0Up) 20%x 1074 25 x 104

21.5 Tan ¢ test in relation to temperature
21.5.1 Method

Heat the sample of cable by external means or by passing current through the metallic screen or by current
loading of the conductor(s).

Measure the tan § with an a.c. voltage of not less than 2 kV, at power frequency, at a conductor temperature
of not less than 95 °C and not greater than 100°C,

NOTE At the discretion of the manufacturer, this measurement may be carried out during the heating cycle test described in 21.6.1.
21.58.2 Reguirement
The measured values shall not exceed the limits specified in Table 23,

Table 23 — Tan J in relation to temperature

Property XLPE EPR
Maximum tan § at ambient temperature 40 x 104 200 x 10~4
Maximum tan & at elevated temperature (i.e. 85 °C t0 100 °C) 80 % 1074 400 x 104

21.6 Heating cycle test
21.8.1 Method

Install the cable sample indoors in a draught-free environment at steady ambient temperature and away from
direct sunlight.

Place thermocouples at intervals not exceeding 2 m along the length of the cable in order o measure the
temperature of the armour.

Subject the cable sample to a heating cycle of 8 h duration. Maintain the conductor temperature

between 95 °C and 100 °C for at least 2 h during the heating period, followed by at least 3 h of natural cooling
in air. Perform this cycle 20 times. Confirm that the armour temperature accurately reflects the required
conductor temperature by making suitable measurements of phase conductor resistance, or by other means.
During the heating cycles, take at least four measurements of partial discharge in accordance with annex E
at approximately equal intervals at the end of a cooling cycle, including one measurement at the completion
of the test (Le. after the last heating cycle).

21.6.2 Requirement

The discharge magnitude for each of the measurements taken shall not exceed b pC at the voliage specified
in Table 14.

21.7 Impulse voltage test

When the cable sample is tested in accordance with annex L, at the appropriate voltage specified in Table 24,
no breakdown of the insulation shall occur.

Table 24 — Voltage for impulse voltage test

Rated voltage, Uy Impulise withstand voltage
kv kv
38 75
6.35 95
8.7 112
12.7 144
18.0 194
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21.8 Four-hour voltage test
The cable shall be tested for conformity to the requirements of 18.18.

21.9 Adherence of screens at short circuit temperature

21.9.1 Method

Subject a separate sample of cable, having a conductor cross-sectional area not greater than 185 mm? and at
least 5 m in length, to the partial discharge test specified in annex E and then subject it to a current derived
from the relevant equation below. Upon completion of the test, allow the sample to cool to ambient
temperature and again subject it to the partial discharge test specified in annex E.

Subject one core of cable, 5 m in length, to a current derived from the following equations, as appropriate:

for copper conductors T2 =11.77 X 10* AZlogg —ggj : ;3
for aluminium conductors 72t =5.04 X 10* A%log;p m—gggg : %)‘)

where
I is the r.m.s. value of short circuit current (in A);
¢ is the duration of short circuit current (in 8), maximum 30 s;
A is the conductor area (in mm?);
7> is the final conductor temperature = 250 °C;
Ty is the initial conductor temperature (in °C).

21.9.2 Requirement
The discharge magnitude {(g) for both tests shall not exceed 5 pC at the voltage specified in Table 14.

21.10 Insulation resistance constant of oversheath

When a sample of complete cable is subjected to the test specified in annex M, the value of K shall be not
less than 0.003 5 MQ-kan.
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Annex A (informative)
Recommendations for the selection of cables
A.l General

The cables specified in this standard are designed to have improved fire performance when installed in air, and
are expected to be used primarily in such locations. The cables are also suitable for direct burial in free-draining
soil conditions.

Where the cables are to be laid in any other environment, reference should be made to the cable manufacturer.
A.2 Voltage ratings

The rated voltage of the cable for a given application should be suitable for the operating conditions in the
system in which the cable is used. To facilitate the selection of the cable, systems are divided into three
categories as follows.

a) Category A This category corprises those systerns in which any phase conductor that comes in contact
with earth or an earth conductor is disconnected from the systern within 1 min,

b) Category B. This category comprises those systems which, under fault conditions, are operated for a short
time with one phase earthed. IEC 60183 recommends that this period should not exceed 1 h. For cables
covered by the present standard a Jonger period, not exceeding 8 h on any occasion, can be tolerated The total
duration of earth faults in any year should not exceed 126 h

¢} Category C. This category comprises all systems which do not fall into categories A and B.

NOTE In a sysiem where an earth fault is not automatically and promptly isolated, the extra siresses on the insulation of cables during

the earth fault may reduce the life of the cables. If the system is expected (o be operated fairly often with a permanent earth fault, it
may be advisable to classify the system as category C.

Table A1 gives the lowest rated voltage of cable that should be used according to the system voltage and
category.

Table A.1 — Selection of cables for three-phase a.c. systems

Nominal voltage, U Maximom sustained Bystem category Minimum rated voltage of
voltage, U, cable, Uyl
kv kY kV

66or6 7.2 AorB 3.8/6.6

66or6 72 C 6.35/11

1lorl 12 AorB 6.35/11

1lori0 12 C 8.7/16

16 176 AorB 8.7/16

15 176 C 12.722

220r20 24 AorB 12,7722

22 0or 20 24 C 19733

330r30 36 AorB 19/33

NOTE For a33 kV or 30 kV system of category C, reference should be made to the mannfacturer

The nominal system voltage, U, given in Table A.1 is the nominal voltage between phases.

The maximum sustained system voltage, Uy, is the highest voltage between phases that can be sustained under
normal operating conditions at any time and at any point in the system. It excludes transient voltage variations,
due, for example, to lightning impulses, fault conditions and rapid discormection of loads,

The nominal system voltages shown in Table A.1 are generally in accordance with series 1 of IEC 60038, For
system voltages intermediate between the values in Table A 1, the cable should be selected with rated voltage not

less than the next highest value (e.g. for a 13.8 kV system of category A or B, the cable should have a rated
voltage not less than 8.7/15 kV and for a 13.8 kV system of category C, not less than 12,722 kV),

A.3 Selection of metallic coverings

All the cable designs in this standard include metallic coverings surrounding the cores, either individually or
collectively, which are intended to be carthed when the cables are in use.
Where it is especially required that the cable should have a positive barrier to water, or a barrier to petroleum

and other solvents, it is recommended that the cable includes a metal sheath, details of which should be agreed
between the user and the manufacturer at the time of tendering or ordering {see N.3.2).
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A.4 Metallic coverings — earth fault capacity
The metallic coverings are usually required to carry earth fault current.

Under the condition of an earth fault in the cable itself, due, for example, to spiking, the local heating at the fault
position, caused by contact resistances or resistance in the fault, is more intense than in the metallic screen as a
whole. This causes fusing of the screen locally and the current which the screen will sustain for a given time
under these conditions is less than that for which it is suitable under through-fault conditions.

Advice on the suitability of the ftype of mefallic screen and cross-sectional area should be sought from the
manufacturer.
A.6 Current carrying capacity

The cable selected should have a sustained current rating under the conditions of installation not less than the
maximum current that it will be required to carry during normal operation. It should also have a short-circuit
current rating adequate for the prospective short-circuit current and the fime for which it can persist.

Standardized current rating data for the cables in this standard has not been published. Reference should be
made to the manufacturer’s recommendations,
NOTE 1 Limitation on the temperature of the cables may be imposed in situations where they may be touched.

NOTE2 Due to the relatively high conductor temperature, there is 3 risk of drying out the surrounding soil cavsing an increase in
thermal resistivity which in turn would lead to the cable temperafure rising to a higher value than anticipated. For cable laid directly in
the ground, a suitable de-rating factor should be applied or a lower maximurm sustained conductor operating temperature should be
assumed, to take into account the possible effect of soil drying out.

NOTE 3 The performance of accessories should be taken into account in deciding the operating temperature of the cable.

Annex B (informative)
Information to be provided with the enquiry or order
The following information should be provided by the purchaser with the enquiry or order:
a) the number of this British Standard;
b) length of cable required and individual drum Jengths, if important;
¢) voltage designation (see clause 4 and annex A);
d) number of cores;
e} size of phase conductor;
£) conductor material (i.e. copper or aluminiurm);
£) type of conductor (i.e. stranded or solid, shaped or circular);
h) type of insulation (if a specific type required, ie. XLPE or EPR) and limiting dimensions (if any) of cores;
i) whether a cold strippable insulation screen is required (see 8.2);
J) cross-sectional area and type of metallic screen;
k) type of metallic sheath, if required (sec A3);
D) type of armour;
m) whether the cable §s liable to be exposed to any potentially aggressive environments (e.g waber, ol or acid).
NOTE See annexes A and N for recommendations for selection of cables.

Amnex C (informative)

Recommendations for the installation of cables

C.1 Genersl

(Cables should be installed in accordance with national regulations and any relevant codes of practice.

C.2 Minimum temperature during installation

It is recommended that the cables specified in this standard be installed only when both the cable and ambient
temperatures are above 0 °C and have been so for the previous 24 h, or where special precautions have been
taken to maintain the cable above this temperature,
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C.3 Minimum installation radius

HNone of the cables specified in this standard should be bent during installation to a radius smaller than that
given in Table C.1

Table C.1 — Bending radius of cable during installation

Type of cable Minlmum bending radius
Single-core armoured 16D
Three-core armoured 12D
NOTE D is the overall diameter of the cable.

Where possible, larger installation radii should be used, except that the minimum bending radius where the
cables are placed in position adjacent to joints and terminations may be reduced to that given in Table C.2
provided that the bending is carefully controlled, e.g by the use of a former.

Table C.2 — Bending radius of cable adjacent to joints or terminations

Trpe of cable Minhmwom bending radins
Single-core armoured 12D
Three-core armoured 10D
NOTE D is the overall diameter of the cable.

C4 Prevention of molsture ingress

Care should be exercised during installation to avoid any damage to cable coverings. This is important in wet or
other aggressive environments, especially for cables that do not have an extruded bedding. The protective cap
should not be removed from the ends of the cable until immediately prior to termination or jointing. When the
caps have been removed the unprotected ends of the cable should not be exposed to moisture,

The possibility of damage to moistiure seals during handling and installation or during storage of the cable should
be borne in mind. Where such damage may have occurred, the seals should be inspected and remade if
NECesSsary.

C.5 Jolnting

In the absence of a metal sheath, all earth fault currents return through the armour and/or screens unless there is
a parallel bonding connection to relieve them of some of the fault current. In either case it is necessary to ensure
that there is no discontinuity in the return circuit via the armour and/or screens and no local spot of high
resistance. Careful attention, therefore, should be paid to the design of all bonding clamps in joints and
terminations to ensure that each tape, wire or strip contributes equally to the conductance of the bonding
connection and that the resistance across a connector is not higher than that of the equivalent length of
connected armour and/or screens of the cable,

It is also important to ensure that all tapes, strips or wires and all faces of clamps or connectors making contact
with them are thoroughly cleaned during installation and that the clamps are adequately tightened to ensure good
electrical contact. Bonding clamps in joints should be electrically connected with a bond having a conductance at
least equivalent to that of an equal length of the complete amour and/or screens of the cable, and with adequate
thermal capacity to avoid excessive overheating under short circuit conditions.
With all the cables specified in this standard it is important to ensure that the semi-conducting insulation screen
{see 8.2) is removed from the core(s) and any remaining semi-conducting coating or semiconducting particles
are thoroughly removed before application of the stress control components which may be made up of

a) moulded components;

b) various tapes;

¢) heat shrink tubes.
Similar procedures should be followed for joints.

Insulation screens should be removed by the methods recommended by the manufacturer, It is also
recommended that the advice of the cable and/or accessory manufacturer be sought on a suitable method of
terminating and jointing all cables specified in this standard.
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C.6 Compound filling

For compoung filled joints, the design of the box and the composition of the filling compound should provide an
effective seal to prevent moisture gaining access to the conductor ferrules and armour connections. The filling
compound should be compatible with the materials of the cable components with which it comes into contact.
Account should be taken of the pouring temperatures or the temperatures resulting from exothermic reaction.
For terminations, provided that adequate clearances are maintained between phases and between each phase and
earth, compound filling is not necessary. The minimum clearances should be related to the voltage and category
of the system and environmental conditions. Guidance on minimum clearances can be obtained from the
appropriate standards for equipment. Where the required clearances cannot be achieved, it is necessary to
provide some other effective means of insulation.

C.7 Earthing of amour and screen(s)

Provision should be made for earthing the armour and screens to the main earth system at the supply end by
means of a metallic bond of adequate conductance, the bonding connection being as short and straight as
possible. It is also desirable to earth the armour and screens at additional accessible positions, unless a single
point bonding is being employed.

Special precautions may be necessary to eliminate the risk of corrosion, especially corrosion due to the use of
dissimilar metals.

Care should be exercised with single-core cables to ensure that the bonding and earthing arrangerents are
adequate to cafer for circulating currents in the armour and screens.

In special circumstances it may be necessary to employ cross bonding or single-point bonding and in these cases
recommendations should be sought from the manufacturer. With single-point bonded systems attention is drawn
to the presence of induced voltages on the armowur and screens.

C.8 Tests after installation
Tests after installation are not a requirement of this British Standard However, it is recommended that the

appropriate d.c. voltage as given in Table C.3 is applied between each conductor and the armour and screens
after all terminating and jointing has been completed but before connection to the system.

Table C.3 — Voltage test after installation

Cable voltage designation D.C. voltage
kv kv
3.8/6.6 16
6.35/11 25
87/16 37
1277722 50
19733 76

The voltage should be increased gradually to the full value and maintained continuously for 15 min. No
breakdown should cccur.

These test voltages are infended for cables immediately after installation and not for cables that have been in
service. When testing is required after cables have been in service the manufacturer should be consulted for
appropriate test conditions which should take into account the age, environment, history of breakdowns and the
purpose of performing the test,

NOTE Alternatives to d.c. testing after installation are currently under consideration.

Annex D (informative)
Guidance on the scope of type tests

D.1 General

Type tests, after they have been successfully completed, need not be repeated unless changes are made which
might affect conformity to the requirements. Thus type tests should not normally be required for individual
contracts if the tests have already been successfully performed by the manufacturer on similar items.

If the type tests discussed in D.2 have already been successfully performed by the manufacturer for conformity
to BS 6622, repetition of the type tests is not necessary on account of differences in the protective layers applied
over the screened cores, unless these would be likely to have a significant effect on the results, taking info
account that the prime purpose of the tests in .2 Is to test the electrical performance of the insulating system.
Guidance for each type test on the extent to which the results of the test on one or more cables can be taken as
typical for a range of cables or for similar components used in other cables is given in D.2 to D.9.
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D.2 Sequential electrical type tests (see 212 to 21.8)

The sequential type tests, which are primarily electrical tests, are intended to assess the performance of the type
of cable, Cables are generally regarded as being of the same type if they are of the same voltage rating and of
similar construction.

For the purposes of the sequential type tests, cables of similar construction are generally regarded as those
having the same number of cores (single-core or three-core), the same form of conductor (stranded or solid,
circular or shaped), the same insulating material (XLPE or EPR), and the same form of semi-conducting screens.
One type of cable embraces a range of different conductor sizes and, if the sequential type tests have been
carried out successfully on cable(s) of particular conductor size(s), the results should be regarded as valid for
cables of the same fype having other conductor sizes. The resulis of tests on cable of one conductor size in the
range 70 mm? to 300 mm? should be accepted as valid for cables of other conductor sizes in that range. For
cables of conductor sizes outside that range, successful tests on cables of two conductor sizes should be
accepted as valid for the same type of cable of the two next standard smaller sizes below the smaller size tested,
and the two next standard larger sizes above the larger size tested.

The results of tests performed successfully on cables with shaped conductors should be accepted as valid also
for cables of otherwise similar type but which have circular conductors.

The results of tests on cables with either stranded copper or stranded aluminivm conductors should be accepted
as valid for similar cables with stranded conductors of the other metal.

Buccessful tests on threecore cables should be accepted as valid for single-core cables, otherwise of the same
type, for the same range of conductor size. However, as the manufacture of three-core cable may impose greater

demands on the insulating system than for single-core cable, tests on single-core cable are generally not regarded
as demonstrating the performance of three-core cable.

Tests performed successfully on cables with a strippable extruded semiconducting screen should be accepted as
demonstrating the performance of similar cables with fully bonded extruded screens.

Tests performed successfully on cables of one voltage rating should be accepted as demonstrating the
manufacturer's ability to produce satisfactory cables of lower voltage rating utilizing the same materials and
processing methods, without additional type testing.

D.3 Compatibllity test (see 20.14)

The object of the compatibility test is to check that different materials forming the components of the cable do
not have an unduly adverse effect on each other. It is a test for a type of construction and is largely independent
of cable voltage and conductor size or form. A successful test on one cable having a particular construction
should be accepted as demonstrating the suitability of the construction, in terms of the manufacturer’s selection

of materials and processing of the components, for other cables of any rated voltage and size or form of
conductor.

D.4 Type tests on components

The type tests on cable components, embracing the physical and chemical tests on insulation and sheathing and
the measurement of resistivity on semi-conducting screens, are tests for the type of component, not for the type
of cable. The properties of these components covered by these {ype tests are basically independent of the rated
voltage or the size of the cable, unless materials or methods of application and processing are varied according

to the cable type.

Successful tests on components from one cable should therefore be accepted as demonstrating the satisfactory
performance of an identical component when used in other cables of different rated voltage and/or size.

D.5 Flame propagation (see 20.15)

To obtain approval for all sizes 50 mm? and above, one cable in the range 50 ram? to 95 mm? should be selected
for testing,

To obtain approval for all sizes 35 mm? and below, one cable in this range should be selected for testing,

The results of tests on three<core cables may be used to obtain approval for the equivalent range of single-core
cables.

Tests on single-core cables cannot be used to obtain approval for three-core cables.
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D.6 Smoke emission (see 20.16)
{ables should be selected for testing as follows.

a) To obtain approval for the full range of cables (or for a partial range including cables above 70 ma
diameter), the largest size manufactured below 70 mm diameter should be selected for testing.

b) To obtain approval for a partial range of cables, where the largest cable mamifactured is below 70 mam
diameter, any cable above 40 mm diameter should be selected for testing.

D.7 Abrasion test (see 20.17)

One test should be carried out on each cable selected in accordance with D.5.

D.8 Corrosive and acid gas test (see 20.3)

As this is a test on cable components and therefore generally independent of size or number of cores, only one
test is necessary.

D.8 Change of material

The tests referred to in .5 to D.8 assume that the materials are consistent throughout the range of conductors
for which approval is sought. Where a change occurs, it is necessary to include additional testing as agreed
between the manufacturer and the purchaser to ensure that such changes are adequately examined.

D.10 Evidence of type testing

A certificate of type test signed by the representative of a competent withessing body, or a report by the
manufacturer giving the test results and signed by the appropriate personnel in his organization should be
accepted as evidence of type testing,

Annex E (normative)

Partial discharge test

E.1 Test equipment

E.1.1 High voltage supply transformer, of adequate capacity.

E.1.2 Volimeter

EL3 Cdibrator,

E.1L4 Discharge-free capacitor and o terminating impedance or reflection suppresser (when required).
ELE Partial discharge measuring device, consisting of a test circuit (see BS 4828), an oscilloscope and, if
desired, an indicating instrument in conjunction with a suitable amplifier to detect individual discharge pulses.
For routine tests the minimurm detectable discharge shall be not more than 10 pC and for type tests not more
than 5 pC. The minimum detectable discharge (often referred to as the “sensitivity” of the equipment) is taken to

be twice the level of background noise, Therefore the equipment, during tests with the cable connected, shall
have a noise level not greater than b pC for routine tests and not greater than 2.5 pC for type tests.

NOTE Individual clearly distinguished interference pulses may be disregarded.

E2 Calibration

Carry out the charge transfer method of calibration in accordance with BS 4828:1985, 5.2.1.

NOTE Further guidance on discharge calibration is given in annex Il of CIGRE Report 1968-21-01 [1], and IEEE Paper No. 69,
CP83-PWR (2]

Connect the calibrator and detection circuit to the cable under test and inject predetermined charges. The
calibration discharge g, is equal to the product of the calibration pulse amplitude U4 (in V) and the coupling
capacitance C,, of the calibrator (in F), so long as this capacitance is small compared with the capacitance of the
cable under test.

If an instrument incorporating a picocoulomb meter is used, adjust the amplifier gain so that the ratio of the
injected signal to the value indicated by the meler is unity. When an oscilloscope is used for the measurement,
ensure that the response ratio of the test circuit is better than 0.5 pC/mm. The response ratio is the magnitude in
picocoulombs of the calibrating pulse per millimetre deflection on the oscilloscope screen.

‘)Uhasbeenusedfermecalibraﬁonpulseampﬁmdeinpiaceof{f,,whichismedinBSt!SZS,inordertoavuidoonfusionwiﬂxthe
rated voltage Uy designated in clause 4.
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The amplifier gain shall not be re-adjusted after the calibration has been completed unless a means is provided
for a continuous display of a calibrating signal throughout the test. The means of providing the continuous
display of a calibrating signal can be either of the following,
a) The coupling capacitor of the primary calibration circuit is full voliage rated, and is then not disconnected
before the high voltage test transformer is energized.
b} A secondary calibrator is connected to the input of the detector. In this case the amplitude of the secondary
pulse to produce a given response is pre-calibrated against the primnary calibration circuit before the latter
circuit is disconnected and the high voliage test transformer is energized.
When tests are to be made on full drum lengths of cable, as in routine tests, an attenuation factor, F, to

compensate for the loss of signal amplitude in the cable and coupling capacitor, shall be determined. One method
is as follows.

With the cable under test connected to the detection circuit, inject a calibration pulse into the detector
terminal, noting its voltage (¢;) and the response at the detector. Then connect the calibrator to each end of
the cable in turn and adjust the step wave voltage to produce the same response at the detector as ;.
Record these voltages, ¢; and eg. Obtain the attenuation factor from these three voltages by the equation:

F- 18X e

V 812

Correction for attenuation is generally not necessary for type tests on relatively short lengths of cable. For
routine fests, if it is only required to check that the magnitude of any discharge in the cable is not greater than
the specified limit, the calibration may be performed with the calibrator at the opposite end of the cable from the
detector. Then, provided that the cable is terminated with its characteristic impedance, attenuation of the
calibration pulse is at least equal to that of any discharge in the cable length, so that the response to discharge in
the cable, compared to the response to the calibration pulse, will indicate a higher level of discharge than the
true value,

Provided the apparent discharge under these calibration conditions does not exceed the specified maximum
value, there is no need to correct for attenuation.

Correction for attepuation may be required, however, if it is desired to establish the level of discharge in the
cables as closely as possible or if it affects the results sufficiently to influence conformity to the specified limits.

E.3 Procedure

For each core to be tested, apply a test voltage, of frequency between 40 Hz and 62 Hz, in sequence between the
conductor and the metallic screen. Raise the voltage to 2.250%; and hold for not more than 1 min. Reduce the
voltage slowly to 20, and measure the discharge magnitude at this voltage.
For routine tests on drura lengths, correction for attenuation shall be made. One method is to repeat the test
with the detector connected to the other end of the cable under test. If the values of discharge magnitude
measured at the two ends of the length are ¢; and ¢o, the corrected discharge magnitude, g, can be calculated
from the following equation:

g=F@1 X 2

where F is the atfenuation factor obtained from the equation given in E.2.

Annex F (normative)
Thickness measurements
F.1 Sampling

Measurement of the thickness of insulation, bedding layer, and oversheath specified in Table 12 shall be made on

a sample taken from one end of each drum length of cable selected for the test, having discarded any portion
which may have suffered damage.

If any of the thicknesses measured does not conform to clauses 7, 10, and 12, two further samples shall be

checked for the non-conforming factors. If both of the further samples meet the specified requirements, the cable

shall be deemed to conform to the requirements of this British Standard, but if either does not meet the
recpiirernents the cable shall be deemed not to conform
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F.2 Procedure

Make measurements on each component in accordance with the method given in BS EN 60811-1-1:1985, clause 8,
using either the equipment specified in 8.1.2 of that standard or a calibrated hand lens.

In the event of a dispute, the equipment specified in BS EN 60811-1-1:19965, 8.1.2 shall be used.
For three-core cables, measure the insulation thickness on each core.

When determining the average thickness from several measurements, round the resultant value fo the
nearest 0.1 mm (0.05 mm is rounded upwards).

Annex G (normative)

Method of measuring resistivity of extruded semi-conducting conductor and
insulation screens

G.1 Preparation of test pleces

G.1.1 General
Prepare test pieces from 150 mm lengths of core taken from completed cable.

G.1.2 Test pieces for cables with circular conductors

Prepare the conductor screen test pieces by cutting a sample in half longitudinally and then removing the
conductor (see Figure G.1). Prepare the insulation screen test pieces by removing all the coverings from the
sample of core (see Figure G.2).

G.1.3 Test pieces for cables with shaped conductors

NOTE For cables having shaped conductors, the same test plece may be used for both conductor and insulation screen measurements,
Prepare the test pieces by cutling 5 mm strips of insulation, including both conductor and insulation screen

(see Figure G.3).

G2 Procedure

Apply four sitver painted electrodes A, B, C and D to the semi-conducting surfaces (see Figures G.1 and G.2) or
to each of the semi-conducting surfaces (see Figure G.3) as appropriate. Ensure that the two potential electrodes,
B and C, are nominally 50 mm apart and the two current electrodes, A and D, are each placed at least 25 mm
beyond the potential electrodes.

Make connections to the elecirodes by means of suitable clips, avoiding damage to the screen. In testing

with 5 mm strips, ensure that when making the measurements on one side of the test piece, the clips are
insulated from the electrodes on the other side (see Figure G.3).

A similar precaution is necessary when testing the conductor screen on a sample taken from circular core to
avoid contact with the screen on the outside of the core.

Place the assembly in an oven pre-heated to (801 2) °C and after an interval of at least 30 min, measure the
resistance between the electrodes B and C by means of a circuit with the power not exceeding 100 mW.

After taking the electrical measurements, measure optically the diameter over the conductor screen and
insulation (see Figure G.2), the width of the conductor screen and insulation screen (see Figure G.3) and the
thickness of the conductor screen and insulation screen (see Figures G.1, G.2 and G.3) in all cases taking the
average of six measurements. Measure the distance between the two potential electrodes B and C.
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All dimensions are in millimetres

Conductor screen

Insulation screen

B and C are potential electrodes
A and D are current electrodes

Figure G.1 — Test piece and arrangement of electrodes for measurement of
resistivity of conductor screen of circular core
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All dimensions are in millimetres

Insulation screen

Conductor streen
B and C are potential electrodes
A and D are current electrodes

Figure G.2 — Test plece and arrangement of electrodes for measurement of resistivity of
insulation screen of circular core
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All dimensions are in millimetres

A, B, C and D are silver plated electrodes

1 Insulating strips

Figure G.3 — Arrangement of test plece, electrodes and insulating strips for measurement
of resistivity of conductor and insulation screens of shaped core

G.3 Calculations

G.3.1 Conductor screen of circular core
Calculate the resistivity g (in {lan) of the conductor screen of a circular core (see Figure G.1) from the following
equation:
_RXaXD-TXT
p= oL,

where
R is the resistance measured (in £1);
L is the distance measured between potential electrodes (in m);
D is the diameter over the conductor screen (in m);
T is the average thickness of the conductor screen (in m).

G.3.2 Insulation screen of circular core
Calculate the resistivity, p (in (-m), of the insulation screen of a circular core (see Figure G.2) from the following
equation:

2 _RXaX@D+DXT

L
where
E  is the resistance measured (in {);
L is the distance measured between potential electrodes (in m);
D is the diameter over the insulation (in m};
T  is the average thickness of the conductor screen (inm).
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G.3.3 Conductor and insulation screen of shaped core
Calculate the resistivity, p (in (-m), of the conductor and insulation screen of shaped core (see Figure G.3) from
the following equation:
RXWXT
pE—g

where
E  is the resistance measured (in {I);
I is the distance measured between potential electrodes (in m);
W is the average width of the screen (inm};
T  is the average thickness of the screen (inm).

Annex H (normative)

Wet compatibility test

Samples of the semi-conducting carbon loaded tape layer and steel wire shall be taken from a complete cable
and immersed for 7 days in a test cell as shown in Figare HL L

The cell shall contain a minimwum volume of 500 ml of 0.1M NaCl solution. The total surface area of the tape
below the surface of the liquid shall be 500 mm? and the ratio of the surface area of the tape to the steel shall
be 1:2.5. The temperature of the electrolyte shall be maintained between 15 °C and 25 °C. The test samples shall
be connected through a 10 {} resistor.

Dimension in millimetres
505
—NAAA
102
. . 500 mm? semi -conducting
Galvanized steel wire - ~f—t——— carbon loaded tape layer
(below liquid surface) (below liquid surface)
it 500 M 0,78 NaCl
1 litre beaker
Figure H.1 ~ Electrochemical test of semi-conducting carbon loaded tape layer
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Annex I Spare

Annex J (normative)
Abrasion test

Lay the sample of cable straight and horizontal on a firm base. In the middle part of the sample, place a length of
low carbon steel (mild steel) angle horizontally, at right angles to the cable, with its angle edge resting on the
cable and with its arm symmetrical about the vertical plane. Ensure that the outer radius of curvature of the
angle edge is not less than 1 mm and not greater than 2 mm (see Figure J.1).

Vertically load the steel angle, above the point of contact, to give a force in accordance with Table J.1.

Table J.1 — Vertical force on cable during abrasion test
Overall measured diameter of cable Porce
Greater than or egual to Less than

mm mm N
36
65

105

165

210

270

388858
| 388588

Drag the steel angle horizontally along the cable for a distance not less than 600 mum at a speed of
between 160 mm/s and 300 mm/s. Reverse the direction of movement at the end of each pass to
give 50 passes, 25 in each direction, over the 600 mm tesi path.

Dimension in millimetres
Force (see Table J.1)

Low carbon steel
{mild steel} angle

A Is the start/finish position
B is the start/finish position
A-B is the minimum test path length
Figure J.1 — Abrasion test
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Annex K (normative)
Test for shrinkage of sheath on cable

K.1 General

This test shall be carried ouf to determine the shrinkage of sheath during hesat treatment. The fest shall be
carried out in accordance with BS EN 60811-1-3 modified in accordance with K.2 to E.B.

K.2 Selection of samples

Take one sample of each cable to be tested about 300 mm in length and at least 500 ram away from the end of
the cable length.

K.3 Preparation of test plece

Within an interval of not more than B min from the time of cutting the sample, mark a test length of (200 £ 8y mm
on the middle part of the test piece. Measure the distance between the marks to an accuracy of 0.5 mm.

Prepare the test piece by removing the sheath from both ends of the sample up to positions between 2 mm
and b mm away from the marks.

Bind the armour wires at both ends.

K4 Procedure

Perform the test in an air oven in accordance with BS EN 60811-1-3. Support the test piece by means of a freshly
prepared talc bath. The combined volume of test apparatus and {est piece shall not exceed 10% of the volume of
the oven. Preheat the oven with the test apparatus in place for 2 minimum of 2 h at 80 °C before the test piece is
introduced.

Support the test piece horizontally on the surface of the talc bath. Ensure that there is sufficient depth of tale so
that the test piece does not touch the botiom of the bath, Spread the talc evenly, without compacting it, at the
start of the test, 50 as to permit free movement of the sheath.

Introduce the test piece into the test oven, and maintain it at a temperature of (80 £ 2) °C for 4 h. At the end of
this period, remove the apparatus with the test plece in place, and allow & o cool to ambient termperature.
Re-measure the distance between the two marks on the test piece to an accuracy of 0.6 mm.

K.5 Evaluation of resultls

Calculate the difference in the distance between the marks before the heat treatment and after the heating and
cooling, and record the shrinkage as a percentage of the distance between the marks before the treatment.

Annex L (normative)
Impulse voltage test

L.1 Teat assembly

The test assembly shall be situated indoors in reasonably still air and away from direct sunlight. No arcing horns
ghall be fitted to the sealing ends.

The main components of the test assembly are an impulse generator, a voliage divider, an impulse wave monitor
and the cable sample to be tested.

L.2 Procedure

Connect one core of the cable to be tested to the impulse generator with an associated voltage divider and
oscillograph system. Adjust the circuit values of the impulse generator to produce an impulse wave conforming
to BS 923-1 and BS EN 600602, except that the wavefront may have any duration from 0.5 ps to 50 ps. If using an
oscilloscope, make osclllogramns in short and long time sweeps to record the wavefront and wavetail duration of
the test impulse wave. If using s digital measuring system, measure the timing of the wave. Leave the circuit
values of the impulse generator unaltered for the remainder of the test period.

Apply to the test cable a loading current of a value estimated to produce the required conductor temperature.
Keep this current constant uniil the cable sheath teraperatures have been steady (Le. with a variation not greater
than 2 °C after due allowance has been made for ambient temperature variations) for a minimum of 2 h. Calculate
the maximum conductor temperature from a consideration of the conductor current and resistance, the
maximum sheath {emperature and the design value of cable thermal resistance. Alternatively, the conductor
temperature may be established by any similar method such as measuring the actual temperature of an identical
sample along with #ts sheath temperatures. Ensure that the calculated or measurved conductor temperature is
within the range 95 °C to 100 °C. If not, adjust the loading current as required, until the sheath temperatures are
constant.
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During the 2 h steady temperahure period, perform a calibration of the impulse generator as follows.

Connect a sphere gap across the test assembly. For each setting of the sphere gap, adjust the inpulse
generator charging voltage to give B0 % sparkover of the gap, and make oscillograms of the impulse voltage.

Perform this procedure for af least three different gap seftings using the positive polarity of the impulse
voltage and select the settings so that their B0 % sparkover voltages, as given in BS 358, are about 56 %, 75 %
and 95 % of the required irapulse withstand voltage.

Draw a curve relating charging voliage 10 sphere gap sparkover voltage and extrapolate this curve to
determine the charging voltage necessary to obtain the specified positive withstand voltage level

Calculate the voltage divider ratio by consideration of the maximum sphere gap sparkover voltage and the
corresponding impulse voltage oscillogram. Alternatively, the voltage divider ratio can be measured using a
meter specifically designed for this purpose, Use this value of the voltage divider ratio for all the oscillograms
made in the course of the series of tests using positive polarity.

With the sphere gap setting increased and the cable maintained at the required temperafure, subject one core of
the test cable to a series of 10 positive impulses at the voltage specified in Table 24. Ensure that the time interval
between successive impulses is just sufficient to fully charge the impulse generator.

Imunediately after the application of the 10 positive impulses, recalibrate the generator for negative polarity under

the conditions already described, and then apply a series of 10 negative impulses of the same specified voltage to
one core of the test cable,

Make oscillograms of at Jeast the first and tenth in each sequence of 10 impulses, including base and voltage
calibration lines and a timing wave. Alternatively, if a digital measuring system is utilized, then the print outs
ghall include the peak voltage and wave timings,

Repeat the impulse tests on any other cores of the cable.

Annex M (normative)
Insulation resistance constant test on oversheath
M.1 Procedure

Immerse a length of a least 5 m of completed cable for at least 12 h in water at (20 £5) °C, leaving a length of
about 250 mm at each end projecting above the water. Maintain the temperature of the water at (204 1) °C for

the 30 min immediately preceding the test. Apply a voltage of between 80 V and 500 V d.c. between the armour
and the water Measure the insulation resistance 1 min after the application of the voltage.

M.2 Calculation of results
Calculate the insulation resistance constang (K value) in M3 ko from the following equation:
K= B
1 000 log oDVd
where
D is the diameter over sheath (in mm);
d is the diameter over armour (in mmj;
I is the immersed length of cable (inm);
R is the insulation resistance of the length of cable (in M{}).

Annex N (informative)

Guide to use

N.1 Aim

The aim of this annex is to inform users of characteristics and limitations of electric cables and thereby to
minimize their misuse.

it is assumed that the design of installation and the specification, purchase and installation of cables in
accordance with this British Standard is entrusted to sultable skilled and competent people.

In cases of doubt as to the suitability of cables in this British Standard for a particular use, further specific
information should be obtained from the manufacturer.
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N.2 Cable selection and design

N.2.1 The products described in this British Standard are intended to be used for the supply of electrical energy
up to the rated voltage indicated on the cable. A.2 lists the voltage ratings of the cables specified in this
standard. These voltages should not be exceeded.

N.2.2 These cables are intended for use af a nominal power frequency range of 40 Hz to 61 Hz
N.2.3 There are several aspects which need to be taken into account relating to the capability of the cable to
withstand the worst anticipated fault condition of the system, as follows.

a) A solidly or directly earthed system in general inplies that the earth fauk current is at least equal to the
values of the three-phase or phase-to-phase fault current.
b) When an earth fault current is specified, it is necessary to ensure that the phase conductor also has this
capability.
¢) Some work on spiking of cables has been undertaken by the British cable industry and it shows that, in
general, the spiking capability of the screen(s) is less than their through fault capacity. The manufacturer’s
advice should be sought if in doubt.
d) It is essential that connections at joints and terminations onto metallic elements carrying fault currents to
earth have at least equal capacity.
N.2.4 The possible effects of transient overvoltages should be recognized as they can be detrimental to cables.
N.3 Environmental/application

N.3.1 Reasonable protection against mechanical damage, appropriate to the choice of cable and the installation
conditions, should be provided.

N.3.2 Cables can be harmed by exposure to corrosive products or solvent substances, including petroleum
based vapours.

N.3.3 Cables specified in this British Standard are not specifically designed for use for the following:
a) as self-supporting aerial cables;
b) as submarine cable or for laying in waterlogged conditions;
¢) where subsidence is likely, unless special precautions are taken to minimize damage;
d) where any exposure o excessive heat is involved.

N.8.4 If the cables specified in this standard are exposed to localized heat, solar radiation or high temperature
ambient conditions, this reduces the current carrying capacity.

N8B The standard sheathing components supplied on these cables do not provide protection against damage
by rodents, termites, ete.

N.3.6 Loaded cables can have a surface temperature which requires protection to be provided against accidental
contact.

N.4 Installation

N.4.1 Precautions should be taken to avoid mechanical damage to the cables before and during installation
{see annex C).

N4.2 Exceeding the manufacturer’s recommended maximum pulling tensions can result in damage to the cable.
N.A4.3 ¥ cables are to be installed in ducts, the correct size of duct should be used.

N.4.4 'The type of jointing and filling compounds employed should be chemically compatible with the cable
materials.

N4.8 The cable support system should be such as to avoid damage or danger under normal or fault conditions.

N.4.6 Cables specified in this British Standard are designed for fixed installations only; they are not for use as,
for example, trailing or reeling cables.
N.A4.7 Repeated overvoltage testing can lead to premature failure of the cable, see C8

N.4.8 The selection of cable glands, accessories and any associated tools should take account of all aspects of
intended use.
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N4.8 Care should be exercised with single-core cables to ensure that the bonding and earthing arrangements
are adequate to cater for circulating currents in the armour.

N.5 Storage and handling of drums
N.5.1 Cable drums should be regularly inspected during storage to assess their physical condition.
N.5.2 Battens, where applied, should not be removed from the drums uniil the cable is about to be installed.

N.5.3 When handling drums, reasonable precantions should be taken to avoid injury. Due regard should be paid
to the weight, method and direction of rolling, lifting, protruding nails and splinters.

N.5.4 Care should be taken to avoid deterioration of drums or their becoming a hazard to the general public.
N.B.58 The cable manufacturer should be consulted for detailed guidance as to the safe handling of cable drums.
N.§ Scrap cable — incineration

Incineration of scrap cable should only be undertaken by a licensed contractor. For further information, the
Environment Agency should be contacted.
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