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Foreword 

Thi<; new edition of BS 7836 ~ been prepared by lSulJICOl1ru:ni:1tee GEU2012. It 
supersedes BS 7835: 1996 whlch is withdrawn. 

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

Thi<; standard deals with armoured cables in the rated voltage range from 3.816.6 kV up 
to 19fJ3 kV i.nsuIa.ted with c.ross-linked polyethylene (XLPE) or ethylene pI'O)[)ylelne 
rubber compound (EPR), covering cables with improved performance 
conditions compared to those specified in BS 6622. 

Annexes K, L and M are normative. Annexes A, B, C, D and N are 
infonnative. I spare. 

It has beeJn assumed in the preparation of this British Standard that the execution of its 
provisions will be entrusted to appropriately and experieJnced for 
whose use it ~ been produced. 

W ARNlNG. This British Standard calls for the use of procedures that be 
iqjurious to health if adequate precautions are not taken. It refers only to teclmical 
suitability and does not absolve the user from legal obligations relating to health and 
safety at any 

A British Standard does not purport to include all the necessary provisions of a 
contract;. Users of British Standards are for their correct apI)ooItiOn. 

CompHan.ce with a Brltisb. Standard does not of itself confer 
from legal oblllga,tloD8. 

of pages 

'Ibis documeJnt comprises a front cover, an inside front cover, pages i to iv, pages 1 
to 43 and a back cover. 

The BSI copyright notice dist)la~~d in this documeJnt indicates wheJn 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 3.816.6 (7.2) kV to 19133 (36) kV inclusive which, when 
assessed by the specified produce lower levels of smoke corrosive products under exposure to 
compared with cables conforming to BS 
Cables specified in this standard are for use in fixed industrial installations and buildings. The cables are 
de~.igr\ed for 8 maximum continuous conductor of 90 "C for 8 maximum short 

conductor temperature of 250 "C. 
In this standard, the level of corrosive and acid is determined by measurement of hydrochloric acid 
(HCI) in accordance with BS EN 50267-2-1. 
NOTE Thit; is an indired assessment method, and reference should be made to lEe 60695-6-2: 1994, 6.1.5 for additional guidance. 

The cable types 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 propylene rubber insulation; 
- copper wire or copper tape metallic screens. 

Annex A guidance on the selection of cables of appropriate voltage designations for systems. 
Annex B lists the that should be provided by the purchaser with an enquiry/order for cables. 
Annex C recommendations for the installation of cables. 
Annex N gives on the use of cables. 

2 Normative re:l:er4enc~es 
The following normative documents contain provisions which, through reference in this constitute 
Dl'()WIlOllS of this British Standard. For dated references, subsequent amendments to, or of, any of 

publications do not apply. For undated the latest edition of the publication referred to 
applies. 
BS358, Methodfor the measurement of voltage with sphere-gaps (one sphere earthed). 
BS 4.43: 1982, Specification. for testing zinc coatings on steel wire artd for quality requirements. 
BS 923-1, Guide on high-voltage testing techniques - Part 1: General. 

BS 4066-3, Tests on electric cables uru:ler fire conditions - Part 3: Tests on bunched wires or cables. 
BS 4727w2:Group OS, Glossary of electrotechnical, power, telecommunications, electronics, lighting and 
colour terms - Part 2: Terms particular to power engineering - 08: Etectric cables. 
BS 4828: 1986, Guide for partial discharge m.easurements. 
BS 5099, Specij'ICation for testing of electric cables. 
BS 6360, Specif'ICation for conductors in insulated cables and cords. 
BS 7655-6.1, Specification. for insulating and sheathing materials for cables - Part 6: ~tic 
sheathing compounds having low emission. of corrosive gases, and suitable for use in cables having low 
emission of smoke when aJJected by fire - Section. tll: General application. thermoplastic types. 

BS EN l0002w l, Tensile testing oj metallic materials - Part 1: Method of test at ambient temperature. 
BS EN 50265-2w 1: 1999, Common test methods Jor cables uru:ler fire conditions - Test for resistance to 
vertical flame propagation. for a single insulated conductor or cable - Part 2-1: Procedures-
1 kW pre-mixed flame. 
BS EN 50267-2-1, Common test methodsfor cables uru:ler Jire cortditions Test on gases evolved during 
combustion. of materials from cables - Part 2-1: Procedures - Determination. of amount of 'halogen acid 
gas. 
BS EN Common test methods for cables uru:ler fire conditions - Measurement of smoke density of 
cables burning uru:ler rUifined conditions. 
BS EN 60060-2, High voltage test techniques - Part 2: Measuring systems. 
BS EN 60811-1-1:1995, Insulating and sheathing materials of electric cables - Common test methods
Part 1: General application - Section. 1.1: Measurement of thickness artd 0'IJe'r01l dimensions - Testsfor 
determining the mechanical properties. 
BS EN 60811-1-2:1995, Insulating and sheathing materials of electric cables - Common test methods
Part 1: General application Section 1.2: 'J"hermal ageing methods. 

C BSI 12-2000 1 
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as EN 60811-1--3:1995, Insulating and sheathing materials cables -- Common test metJwds --
1: General application - Section 1.3: Methods for aetern~ini'nf1 the density -- Water absorption 

tests - Shrinkage test. 
BS EN 60811-2-1:1995, Insulating and sheathing materials of electric cables - Common test metlwds --
Part 2: MetJwds specific to elastmneric compounds Section 2.1: Ozone resistance test -- Hot set test --
Mineral oil immersion test. 

3 Definitions 
the purposes of this British Standard the definitions in as 4727-2:Group 08 and the following 

3.1 
rated vnli ... .Jul' ... 

reference voltage for which the cable is ae5ngrlea 
NOTE This is expressed as a combination of the values U and Urn' 

3.2 
rated voltage Uo 
nominal power-frequency volt:.mle between any conductor and earth or metallic screen for which the cable is 
suitable 

3.3 
rated voltage U 
nominal power-frequency voltage between conductors for which the cable is suitable 

3.4 
maximum voltage Urn 
maximum sustained power-frequency vnlt·~c1" between phase conductors for which cable is suitable 

3.5 
cross-linked polyethylene 
thennosetting material fonned by the croSS-1m of thennoplastic polyethylene COlnp4:lurl<l so as to 
confonn to the requirements given in this stan<l'Elr<l 

3.6 
eross-Unked ethylene robber (EPR) 
compound based on etn:V!eIle DlroD'vlerle rubber or similar (ethylene propylene monomer or ethylene 
propylene diene monomer) when cross-linked confonns to the in this standard 

3.7 
nominal value 
value, often used in tables, which a Q1l.I:lntilt;y is designated 
NOTE In this standard, nominal values usuaDy give rise to values to be checked by measurements taki.ng into account specified 
tolerances. 

3.8 
approximate value 
value which is only indicative 
NOTE In this standard, values described as "8jlproximate" do not constitute requiremenm to be checlmd by measurements.. 

3.9 
routine tests 
tests perfonned by the manul[act;un~r on each manufactured of cable to check that the whole of each 
length meets the requirements 

3.10 
sample tests 
tests perfonned the manufacturer on samples of completed or components taken from a 
completed cable, at a frequency, so as to verify that the finii",h,.rI product meets the specified 
requirements 

2 II:! BSI 12-2000 
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3.11 
type tests 
tests made supplying, on a commercial 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 nature that, alter they have been perfonned, they need not be unless changes are made in the 
cable materials or 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 Uo, U and Urn expressed in the fonn Ur/U (UnJ. 
The voltage of cables in this standard are: 

3.816.6 (7.2) kV 

8.7/15 (17.5) kV 
19133 (36) kV. 

5 Conductors 
G.l General 

6.35111 (12) kV 

12. 7122 (24) kV 

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

1) or stranded (class 2). 

G.2 Circular conductors 
Stranded circular conductors shall be compacted or uncompacted. 

6.3 Shaped conductors 
Shaped conductors, when used as an alternative to circuJar conductors for three-core cables of rated 
voltages 3.816.6 (7.2) kV and 6.35/11 (12) kV shaD have a conductor cross-sectional area not less than the 
following: 

3.816.6 (7.2) kV: 

6.35111 (12) kV: 

70mm2 

95 

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

Table 1 - Dimensions of shaped soUd aluminium conductors 
Nominal Appronmate dimensions of conductor 

croll_ect1onal 
ue .. of conductor 

Width Depth Backradi1l8 
rom2 rom rom rom mm 

70 11.3 7.9 9.9 2.8 
95 13.9 9.1 11.4 2.8 

120 15.8 10.2 12.6 3.0 
150 17.9 11.3 13.9 3.0 

.185 20.5 12.6 15.4 3.0 
240 24.0 14.5 17.5 3.0 

i 300 27.3 16.2 19.5 3.0 

6 Conductor screen 

MiDJmum comer 
radius of 
conductor 

mm 
2.6 
2.6 
2.8 
2.8 
2.8 
2.8 
2.8 

A conductor screen consisting of an extruded layer of cross-linkable semi-conductlng compound shall be 
applied over the conductor and cover the surface of the conductor 
NOTE A semi-<lOnducting tape may be applied prior to 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. 

II:'> BSI 12-2000 3 
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7 Insulation 
The insulation shall be either XLPE or EPR COl1fformiItg to the requinmtE~nts of 20.0. 
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 from the screening materials. 
The minimum and minimum average thickness of insulation shall be as in Tables 2 to 11. 

8 ....................... " .... screen 
8.1 General 
An insulation screen shall be applied to all cables and shall consist of a cross-linkable extruded 

in combination with a metallic 

8.2 Extruded semi-conducting layer 
The extruded semi-conducting layer shall consist of a bonded or striippablle S~!mit-cc.nducting compound 
capable of for jointing and terminating (see C.o). It shall be in the same operation as the 
insulation, directly over the insulation, and cover the surface of the core COlrnplet~elY. 
NOTE At the discretion of the manufacturer, semi-conducting tape or a semi-conducting extruded la,yer may be applied over the 
semi-conducting irurulation screen as a bedding for the metallic layer. 

8.S Metallic 

8.8.1 General 
The metallic shall be applied either around each core and/or as a COl.lecl1ve screen. For rated voltages 
above S.7/15 a metallic screen shall be applied around each core. 

8.8.2 Metallic screen on each core 
A metallic screen ap»lied directly over the core of single-core cables or each core in three-core shall 
consist of either applied overlapped metallic tape(s) or a concentric layer of copper wires applied 
helically or in a wa:veirol'lm 
The copper wires shall be with an average gap not greater than 4 mm. No exceedSmm.. 
NOTE 1 At the discretion of the manufacturer, a copper equalizing tape may be appJied. 
NOTE 2 At the discretion of the manufacturer, a binder tape may be applied over the metallic screen of single-core cables. 

NOTE 3 For singIe-core cables the armour may serve as the metallic screen. 

8.S.8 OoUectlve metallic screen 
Three-core cables not having a metallic screen over each individual core shall have a 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 fOrlin 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 IIIlplled over laid-up individually screened cores. 

10 Bedding 
For single-core cables with a copper screen the bedding layer shall be extruded 
For three-core cables an extruded or shall be applied around the laid-up cores. For 
cables with a metallic screen on core shall be extruded. For cables not having a 
metallic layer on each core the bedding shall be and semi-eonducting. 
The extruded material, when tested in accordance with BS EN 60811-1-1, shall have a tensile strength of not 
less than 4 Nlmm2 and elongation at break of not than 50 %. The nominal and minimum thickness of the 
extruded bedding shaJl be as in Tables 2 to 11. 
NOTE If the bedding layer is extruded, the WeI'S may be applied integrally with the beddlng la.yer. 

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 of the fillers shall not prevent electrical contact 
between the insulation screen and the lapped bedding layer. 
The materials used for the bedding shall be for the operating temperature of the cable and 
compatible with the other materials in the cable construction. 

@ DBI 12-2000 
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11 Armour 

11.1 General 

783S-ENGL 2000 II 1624 

All cables specified in this standard shall be armoured 

11.2 Metal layer 

0885640 157 II 

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

BS 7835:2000 

NOTE I Where the p'l.ll"Ch.aser requiIes the cable to operate at a higher system t'auIt level a number of' galvanized steel wires may be 
substituted by tinned copper wires subject to agreement with the manuCacturer. 

NOTE 2 When requested by the p'l.ll"Ch.aser, galvanized steel tape may be used as an alternative to or in ooI\iunclion with steel wire 
armour. 

For the armouring of cables either round aluminium wires or aluminium shall be used. 
The nominal dimensions of the armour shall be as in Tables 2 to 11. 
Armour shall be applied helically in a single with a left-hand lay. 

Joints in steel wire armour shall be brazed or welded and any surface removed 
Joints in aluminium wire or strip shall be made by cold pressure or fusion welding and all surface 
irregularities removed 
A in any wire or shall be not less than 1 m from the in any other armour wire or strip 
in completed cable. 

12 Oversheath 
12.1 General 
The material for the extruded oversheath shall conform to BS 7665-6.1, Type LTS 1. 
NOTE Oversbe.aths 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 to be used 

12.2 Thlckne&8 of oversheath 
The nominal and the minimum thickness of oversheath shall be as spE~Cltlea in Tables 2 to 11. 

13 Marking 
18.1 Marking of oversheath 
The external surface of all cables shall be IlUII"ked with the following elements of n ..... "'-' .. e., in any 
sequence that is deemed neither to confuse nor conflict 

Element 

a) Electric cable 
b) Voltage designation 

3.816.6 (7.2) kV 
6.35/11 (12) kV 
8.7115 (17.5) kV 
12.7122 (24) kV 
19133 (36) kV 

British Standard numberl) 
Manufacturer's identification 

Example of mark:l.ng 

ELECTRIC CABLE 

6600V 
11 000 V 
15000 V 
22 000 V 
33 000 V 
BS 7835 
XYZ 

e) The number of cores, and nominal area of conductors, e.g. 
1) conductor cables: 1 X 50 shall indicate a single-core cable with a 50 mm2 copper conductor; 
2) Aluminium conductor cables: 3 X 50 AL shall indicate a three-core cable with 50 mm2 aluminium 
conductors. 

The marking of elements a) to d) shall be by embossing or indenting on the oversheath. 

I) Marking BS 7836 on or in Nlation to a product rep~,nts a manufacturer's declaration of conformity, i.e. a claim by or on behalf of 
the manufacturer that the meets the of the standard. The accuracy of the claim is solely the claimant's 
responsibility. Such a is not to be with third party certification of conformity, which may also be desirable. 

Ii:) BSl 12-2000 5 
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Elements a), b) and c) shall appear on two or more primary lines along the axis of the cable, appro:ximately 
spaced around the circumference of the cable . 

.tile:menlB d) and e) shall appear on at one line. 
NOTE They may be on one of the primaly lines or a secondary line or lines and need not be on the same line. 

The letters and figures shall consist of upright block characters. The characters shall have a minimum 
of3mm. 
The distance between the end of one of marking and the be~~1lng of the next identical element 
shall be not greater than 550 rom, for items a), b) and c), and not 1100 mm for items d) and 

13.2 Identification of year of manufacture 
A means of identifying the year of manufacture of the cable shall be ....... ",n."' .... throughout the of the 
cable, either internally or by on the surface of the cable. 
If the identification is the distance between the end of one mark and the be~~1lng of the next mark 
shall be not greater than 550 mm. 
NOTE An identification thread may be used as an alternative ro internal marking. 

If the identification is by on the surface, the maximum distance between marks shall be 1 100 mm. 

13.3 The mark of an approval organization 
If the mark of an an,,,,..,,,,,,,,,1 oll!:a:rulZation is used, it shall be provided throughout the length of the cable, either 
as a mark on the or as an identification 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 organilZation, shall to 13.1 d) and in of 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 external 
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 marKllIg 
specified in 13.1 to 13.3. 
The additional however made, shall be repeated at intervals not exceeding 1 100 mm. 

14 End sealing 
Before the manufacturer shall cap the ends of all cable in order to form a seal to the 
ingress of water transportation and storage. 

15 Dimensions 
The dimensions of the component layers shall be as in Tables 2 to 11. 
NOTE 1 In addition the approximate overall diameters for the (oRowing designs of cable are given. 

a) Single-core armoured cables with: 

- copper tape screen; 

- extruded bedding layer; 

- alurnl.nium rolllld wire armour. 

b) Three-core armoured cables with: 

- copper tape screen on each core; 

- extruded bedding layer; 

- galvanized rolllld steel wire armour. 
NOTE 2 The approximate owrall diameters are given for information only. If more precise values are required the numufacturer should 
be consu1ted. 

SIN!l.e-core cables the approximate overall diarnetem reJate to cables with round wire armour and may be somewhat less 
armour. 

approximate overall diameters given for cables with circular stranded conductors up ro and including 630 mm2 are based 
on the use of conductors. 

NOTE 5 Any smaller conductor crosrHJeCtioM than those given in Tables 2 to 11 are not recommended. Designs excluded from this 
specI.11ca.t1on are indicated by a dash in the tables. 

For designs other than those listed, the table specifying the most closely sinUlar shall be used to 
determine the dimensions of the various component parts. 
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NombutJ 
eroSlMlee11onal 

area of 
conductor 

rom2 

50 
70 
95 

120 
150 
186 
240 
300 
400 
500 
630 
800 

1000 

Tlde'lmell8 of insulation 

Min. at IlL MID. 
point average 

rom rom 

2.15 2.5 
2.15 2.5 
2.15 2.5 
2.15 2.5 
2.15 2.5 
2.15 2.5 
2.24 2.6 
2.42 2.8 
2.60 3.0 
2.78 3.2 

2.78 
2.78 3.2 
2.78 3.2 

.... a.U.l.'C at - g"'U54~-"'VA~ ".u.&"CU' v ..... ".""". --;.-, .. 

Tlde'lmell8 of beddmg Nominal ArmO'lU' IItrip diDleuioDII 
layer armo'lU' 

Min. ata Nominal wire T.ldelmell8 Mdtll 
point diameter 

rom rom rom mIn rom 

0.76 1.2 1.6 1.0 3.6 

0.76 1.2 1.6 1.0 3.6 

0.76 1.2 1.6 1.0 3.6 

0.76 1.2 1.6 1.0 3.6 

0.76 1.2 1.6 1.0 3.6 

0.76 1.2 2.0 1.4 4.8 

0.76 1.2 2.0 1.4 4.8 

0.76 1.2 2.0 1.4 

0.76 1.2 2.0 1.4 4.8 

0.84 1.3 2.5 1.8 6.4 

0.92 1.4 2.5 1.8 6.4 

0.92 1.4 2.5 1.8 6.4 

1.00 1.5 2.5 1.8 6.4 

Tldelmell8 of oversheath Appro:dmate overall 
diameter 

:Mm. at a NomlDal &oDd SUlmded 
pomt alo:mlnlam eonduetors 

VI 
...,J 
1:::;1 

eOllduetors 
rom rom mIn rom 

1.24 1.8 25.9 26.7 H 

1.24 1.8 27.5 28.4 

1.32 1.9 29.3 30.3 
CD 
VI 

1.32 1.9 30.6 31.9 

1.40 2.0 32.2 33.5 W 
t:.n 

1.40 2.0 34.6 36.1 I 
1"'1 

1.48 2.1 37.2 

1.56 2.2 39.9 41.8 r 
1.64 2.3 - 45.5 ru 
1.80 2.5 - 50.5 Cl 

1.88 2.6 54.6 

1.96 2.7 60.8 

2.12 2.9 - 65.9 I 
I:-' 
IT" 
ru 
.c:-
IT" 

t:.n 
IT" 
.c:-
ru 

-i 

I 
~ 
I:'Il 



00 

Nominal Thleknen of bumlatl.0D Thleknen of bedlllDl Nominal 
erOliS-EleetiolUll layer arlllour 

area of lIiIi'a. at a lIIfhL MID.ata Nominal wire 
conductor diaJDeter point average pomt 

mm2 mm mm mIn mIn mIn 

10 2.15 2.5 0.76 1.2 2.0 
16 2.15 2.5 0.76 1.2 2.0 
25 2.15 2.5 0.76 1.2 2.0 
35 2.15 2.5 0.76 1.2 2.0 
50 2.15 2.5 0.84 1.3 2.5 
70 2.15 2.5 0.84 1.3 2.5 
95 2.15 2.5 0.92 1.4 2.5 

120 2.15 2.5 1.00 1.5 2.5 
150 2.15 2.5 1.00 1.5 2.5 
185 2.15 2.5 1.08 1.6 2.5 
240 2.24 2.6 1.16 1.7 2.5 
300 2.42 2.8 1.24 1.8 3.15 
400 2.60 3.0 1.40 2.0 3.15 

6 

i 
; 

- -
ThIckness of oversheath 

MID. Nominal 

mIn mIn 

1.48 2.1 
1.56 2.2 
1.56 2.2 
1.64 2.3 
1.80 2.5 
1.88 2.6 
1.96 2.1 
2.04 2.8 
2.12 2.9 
2.20 3.0 
2.36 3.2 
2.60 3.5 
2.76 3.7 

Appro:d_te overall diameter 

Clrc:u.lar condu.ctors Shaped condu.ctors 

Solid Stranded Solid Stranded 
almnbUUIIl aluminiUlll 

rom :mm mIn :mm 

37.9 38.4 - -
40.1 40.7 - -
42.4 43.3 - -
44.8 46.1 - -
48.7 50.3 - -
52.2 54.2 50.0 50.8 
56.2 58.3 53.1 54.3 
59.5 62.1 55.8 57.4 
62.5 65.3 58.2 60.3 
66.4 69.6 61.3 63.8 
12.2 75.8 66.1 69.1 
19.7 83.8 72.8 76.3 
- 92.1 1-

OJ 
'-'1 
1-1 

-..J 

ru 
CJ 
CJ 
CJ 

I 
.".. 
IT 
ru 
.:= 
IT 
IT 
..n 
CJ 
0= 
0= 
In 
IT 
.s:: 
I.U 

..n 
IT 
IT 
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Table 4 - Single-core cables 6.30111 (12) kV 
Thlclmeu of insulation: minlmum average: 3.4 rom 

minlmum at. a point: 2.96 mm 

Nomiwll Thlc Nom.l.nal Approximate overall 
eros .. layer armour dlameter 

Mcdow Mm.ata Nom.l.nal wire Tl1elmeu Width MiD.ata NombaJ SoUd Str_ded 
area of point diameter point alumlniun eonilucton 

conductor conducton 

rnm2 nun rom mm nun nun nun rom mm nun 

50 0.76 1.2 1.6 1.0 3.6 1.24 1.8 27.7 28.6 

70 0.76 1.2 1.0 3.6 1.32 1.9 29.5 3004 

95 0.76 1.2 1.6 1.0 3.6 1.32 1.9 31.1 32.1 

120 0.76 1.2 1.6 1.0 3.6 1.40 2.0 32.6 33.9 

150 0.76 1.2 2.0 104 4.8 1.48 2.1 35.0 36.3 

185 0.76 1.2 2.0 1.4 4.8 1.48 2.1 36.6 38.1 

240 0.76 2.0 1.4 4.8 1.56 2.2 39.0 40.7 

300 0.76 1.2 2.0 1.4 4.8 1.56 2.2 41.1 43.0 

400 0.76 1.2 2.0 1.4 4.8 1.72 46.6 

600 0.84 1.3 2.5 1.8 6.4 1.80 2.6 50.9 

630 0.92 1.4 2.5 1.8 6.4 1.88 2.6 65.0 

800 0.92 1.4 2.6 1.8 6.4 1.96 2.7 61.2 

1000 1.00 2.5 1.8 6.4 2.12 2.9 66.3 

Table 5 - Three·core cables 6.36111 (12) kV 
Thlclmeu of iruJulation: minlmum average: 3.4 mm 

minimum at a point: 2.96 mm 

Nomiwll Tl1e1meu 01 bedding Nom.lnal Tl1elme8s 01 Approximate overall diameter 
CII'OlII!iI- layer armour ovenheath Clrewar conducton Shaped eonducton 

lIectionai wire 
area of MIn. ata Nom.l.nal diameter MIn. ata Nom.lnal SoUd Str_ded SoUd Str_ded 

conductor point point aluminium aluminium 

rom2 rom rom mm mm rom mm rnm rnm rnm 

16 0.76 1.2 2.0 1.64- 2.3 44.2 44.8 - -
25 0.84 1.3 2.5 1.72 2.4 47.9 48.8 - -
35 0.84 1.3 1.80 2.5 50.3 51.6 - -

0.92 1.4 2.5 1.88 2.6 53.0 54.6 - -
70 0.92 1.4 2.5 1.96 2.7 56.5 58.6 - -
95 1.00 1.5 2.5 2.04 2.8 60.5 62.6 67.9 

120 1.08 1.6 2.5 2.20 3.0 64.0 66.6 60.8 62.5 

150 1.08 1.6 2.5 2.28 3.1 67.0 69.8 63.3 65.4 

185 1.16 1.7 2.5 2.36 3.2 70.9 74.1 66.4 68.9 

240 1.24 1.8 3.15 3.4 77.6 81.2 72.0 75.1 
, 300 1.9 3.15 2.68 3.6 82.7 86.8 76.4 79.9 

1400 lAO 2.0 3.15 2.84 3.8 94.1 -
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Table 6 - Single-core cables 8.7/15 (17.5) tV 
Thlelmeu of msulation: minimum average: 4.5 rom 

minimum at a point: 3.96 rom 

Nominal Nondnal Thielmeuof Approximate overall 
el'OIIIII- layer armour OVElnheath d.tameter 

Het101lal Mm. at Nominal wire Nominal Solid Stranded 
area of poillt d.tameter alumtniu:m conductors 

ooIllductor conductors 
rom! rom rom rom rom rom rom rom rom 

50 0.76 1.2 1.6 3.6 1.32 1.9 30.1 30.9 

70 0.76 1.2 1.6 3.6 1.9 31.7 32.6 

95 0.76 1.2 2.0 4.8 1.40 2.0 34.3 35.3 

120 0.76 1.2 2.0 4.8 1.48 2.1 35.8 37.1 

1.2 2.0 1.48 2.1 37.2 38.5 

0.76 1.2 2.0 1.4- 4.8 1.56 2.2 39.0 40.5 
0.76 1.2 2.0 1.4- 4.8 1.64 2.3 41,4 43.1 

300 0.76 1.2 2.0 1.4- 4.8 1.64 2.3 43.6 45.4 

400 0.84 1.3 2.6 1.8 6.4 1.SO 2.5 50.1 

600 0.84- 1.3 2.5 1.8 6.4 1.88 63.3 

630 0.92 1,4 2.5 1.8 6,4 1.96 57,4 

800 1.00 1.5 2.5 1.8 6.4- 2.04 63.8 

1000 1.08 1.6 2.5 1.8 6,4 2.20 3.0 68.9 

Table 7 - Three-core cables 8.7/16 (17.6) tV 
Thlelmess of insulatiolll minimum average: 4.5 rom 

minimum at a point: 3.96 rom 

Nominal ThielmeM of bedding layer Nominal ThielmeH of over.heath Appro:dmate overall 
eroli/ll- armour wire diameter 

seet10nal MIn. ala Nondnal diameter MIn. ata Nominal Circular conducton 
area of pomt pomt 

conductor SoUd Struded 
aluminium - rom rom rom rom rom rom rom 

25 0.92 1.4- 2.5 1.88 2.6 53.3 54.2 
35 1.4 2.5 1.96 2.7 00.6 67.0 

50 1.00 2.5 2.04 2.8 58.3 60.0 
70 1.00 1.5 2.5 2.12 2.9 61.9 63.8 

95 1.08 1.6 2.5 2.20 3.0 65.8 
120 1.16 1.7 2.5 2.28 3.1 69.1 71.8 
150 1.16 1.7 2.5 2.36 3.2 72.2 75.0 

185 1.24- 1.8 3.15 2.52 3A 17.6 SO.8 

240 1.32 1.9 3.15 2.68 3.6 82.9 86.6 

300 1.40 2.0 3.16 2.76 3.7 87.8 91.9 
400 1.48 2.1 3.15 3.00 4-.0 - 99.4 
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Table 8 - Single-core cable812.7~2 (24) tV 
a of _alation: minimum average: 5.5 nun 

minimum at a point: 4.85 nun 

Nominal Nom.l:aal 
crOSIlJ- Ia)'er armoar d.l&meter 

seet10nal MiD.ata Nom.l:aal wire ThlcbeA Width MiD.ata Nom.l:aal 80Ud Straded area of polDt diameter point alnm.I:a1mn eonducton 
conductor conductors 

nun2 nun nun nun nun nun nun nun nun nun 

50 0.76 1.2 1.6 1.0 3.6 1.40 2.0 32.3 33.1 
70 0.76 1.2 2.0 1.4 4.8 1.40 2.0 34.7 36.6 

95 0.76 1.2 2.0 1.4 4.8 1.48 2.1 36.5 37.5 

120 1.2 2.0 1.4 4.8 1.48 2.1 37.8 39.1 

150 0.76 1.2 1.4 4.8 1.56 2.2 39.4 40.7 

185 0.76 1.2 2.0 1.4 4.8 1.56 2.2 41.0 42.6 

240 0.76 1.2 2.0 1.4 4.8 1.64 2.3 43.4 45.1 

300 0.84 1.3 2.5 1.8 6.4 1.72 2.4 46.9 48.8 

400 0.84 1.3 2.5 1.8 6.4 1.80 2.5 62.1 
500 0.92 1.4 2.6 1.8 6.4 1.88 2.6 55.5 

630 0.92 1.4 2.6 1.8 6.4 2.04 2.8 69.6 

800 1.00 1.5 2.5 1.8 6.4 2.12 2.9 66.6 
1000 1.08 1.6 2.5 1.8 6.4 2.20 3.0 70.9 

Table 9 - Three-core cables 12.7~2 (24) tV 
Thlclmess of _Illation: minimum average: 5.5 nun 

minimum at a point: 4.85 nun 

Nom.l:aal ThlcJmess of "ddinglayer Nom.l:aal ThlcJmess of oversheath Approdmate overall 
crOS8- armour wire diameter 

seet10nal Min. at a Nom.l:aal diameter MID.ata Nom.l:aal CI.rC'llJar conductorlll area of 
conductor point point SoUd Straded 

alv.m.I:a1um 

nun2 nun nun nun nun rom nun nun 

35 1.00 1.5 2.5 2.04 2.8 60.3 61.7 

50 1.00 1.5 2.5 2.12 2.9 62.9 64.5 

70 1.08 1.6 2.5 2.20 3.0 66.6 68.6 

95 1.16 1.7 2.5 2.36 3.2 70.7 72.8 

120 1.16 1.7 3.15 2.44 3.3 75.1 77.8 
150 1.24 1.8 3.15 2.52 3.4 78.4 81.2 

185 1.32 1.9 3.15 2.68 3.6 82.5 85.7 
240 1.40 2.0 3.15 2.76 3.7 87.7 91.3 

300 1.40 2.0 3.15 2.92 3.9 92.6 96.6 
400 1.56 2.2 3.15 3.08 4.1 - 104.1 
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Table 10 - Single-core cables 19133 (36) kV 
Thlclmess of insmation: minimum average: 8.0 rom 

minimum at a point 7.10 rom 

Noml.nal Tb.Iclmes8ofbedding Noml.nal Armour strip 
eross· layer armour dimensions 

sectional Min. at a Nominal wire ThlcJmes!J Width 
area of point diameter 

conductor conductors 

rom2 rom mm rom rom mm rom rom rom 

50 0.76 1.2 2.0 1.4 4.8 1.66 38.5 39.3 
70 0.76 1.2 2.0 1.4 4.8 1.56 40.1 41.0 
95 0.76 1.2 2.0 1.4 4.8 1.64 41.9 42.9 

120 0.76 1.2 2.0 1.4 4.8 1.64 2.3 43.2 44.5 
150 0.84 1.3 2.5 1.8 6.4 1.72 2.4 46.0 47.3 
185 0.84 1.3 2.5 1.8 6.4 1.80 2.5 47.8 49.3 
240 0.84 1.3 2.5 1.8 6.4 1.80 2.5 50.0 51.7 
300 0.92 1.4 2.5 1.8 6.4 1.88 2.6 52.5 54.5 

400 0.92 1.4 2.5 1.8 1.96 2.7 57.7 
500 1.00 1.5 2.5 1.8 6.4 2.04 2.8 61.1 
630 1.00 1.5 2.5 1.8 6.4 2.12 2.9 65.0 
800 1.08 1.6 2.5 1.8 6.4 2.28 3.1 71.6 

1000 1.16 1.7 2.5 1.8 6.4 2.36 3.2 76.5 

Table 11 - Three-core cables 19rd3 (36) kV 
Tb.IcJmess of insmation: minimum average: 8.0 rom 

minimum at a point: 7.10 rom 

Nominal Tb.IcJmes!J of bedding layer Nominal ThlcJmess of oversheath Approximate overall 
eross- armour wire dIameter 

sectional Min. at a. Nominal diameter Min. ata Nominal area of 
cou.duetor 

point point Solid Stranded 
alnmimom 

rom2 rom rom rom mm rom rom 

60 1.24 1.8 3.15 2.52 3.4 76.6 
70 1.24 1.8 3.16 2.60 3.6 SO. 1 
96 1.32 1.9 3.15 2.68 3.6 84.0 

120 1.40 2.0 2.76 3.7 87.3 
150 1.40 2.0 3.16 2.84 3.8 90.4 
185 1.48 3.15 2.92 3.9 94.3 
240 1.00 2.2 3.15 3.08 4.1 99.7 
300 1.64 3.15 3.24 4.3 104.8 
400 1.72 2.4 3.15 3.40 4.5 -

16 Schedule of tests 
Testing shall be perfonned in accordance with the schedule of tests given in Table 12. 
NOTE 1 Tests classified as "routine" or ·sample~ may be required as part of any type approwl schemes. 

NOTE 2 Guidance on t;ype testing is given in annex D. 
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rom 

78.2 
82.1 
86.1 
90.0 
93.2 
97.5 

103.3 
108.8 
116.1 
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Table 12 - Schedule of tests 

Routine eests 
Spark test 
Conductor resistance 
Partial test 
Voltage test on complete cable 
Cable markings 
Sample tests 

Test 

Conductor material and construction 
Conductor screen - application 
lnsulation - hot set 

Insulation screen 
Metallic layer 
Laid-up cores 
Extruded bedding 
Lapped bedding 
Annour 

- galvanized steel wires 
- aluminium wires '--~-"'J 
- aluminium strips 

Oversheath 
Tests under fire conditions 

Four-hour test 
Type tests 
Material tests 

- colour 
thlclmess 

- application 
- application 

- thlclmess 
- application 

- diameter 
diameter 

- dimensions 
- thlclmess 
- fire test on 
- smoke emission 

Corner radii of shaped solid conductors 
Corrosive and acid gas 
Conductor screen 
Insulation 
Insulation screen 

Extruded bedding 
Annour 

- resistivity 
-material 

resistivity 
- strippability 
- material 

cable 

- galvanized steel wires - mass of zinc Coalttng 

- aluminium wires (round) 
- aluminium 

Oversheath 
Compatibility test 

C BSI 12·2000 

- wrapping test 
wet compatibility 

- tensile test 
- tensile test 
-material 

BS 7835:2000 

Test method and reqmements given 
in elawle 

18.2 
18.3 
18.4 
18.6 
18.6 

19.4 
19.1S 
19.6 
19.7 
19.8 
19.9 
19.10 
19.11 
19.12 
19.13 

19.14 

19. lIS 
19.16 
19.17 
19.18 
19.19 

20.2 
20.3 
20.4 
20.5 
20.6 
20.7 
20.8 

20.9 
20.10 
20.11 
20.12 
20.12 
20.13 
20.14 

13 
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Table 12 -- Schedule of tests 
Test 

Tests under fire conditions 
- test for flame pI'('P31~ton 
- smoke emission 

Abrasion test 
Test for of sheath on cable 
Electrical tests 
~qluerltIal type tests 

discharge test 
.i:Sell<llIUZ test 

factor (tan 6) in relation to u ..... lt·<>d<> 

Power factor (tan 5) in relation to temperature 
test 

Impulse test 
Four-hour voltage test 

Adherence of screeIlS at short circuit teIlr!pE!ratun!S 
Insulation resistance constant of oversheath 

Test conditions 
17.1 Ambient temperature 

20.15 
20.16 
20.17 
20.18 

21.2 
21.3 
21.4 
21.5 
21.6 
21.7 
21.8 
21.9 
21.10 

and reqmementa given 
hi elaWie 

Tests shall be made at an ambient tj>I1(1n",~rl11"p within the range 5 "c to 35 °C unless otherwise """"''''".'''' ... in 
the details of the particular test. 

17.2 Tolerance on temperature values 
Unless otherwise specified, the tolerance on t~nlnpNihll1'P values quoted in the test methods shall be as 
shown in Table 13. 

Table 13 Tolerances on temperature values 
Specified temperature, t Tolerance 

°C "C 

-40 s t:s 0 ±2 
Ods50 in accordance with relevant clause 

50 <:: t:s 150 ±2 

t :> 150 ±3 

17.3 Frequency and waveform of test voltages 
Unless otherwise shall have a frequency between 49 Hz and 61 Hz. The 
waveform shall 

18 Routine tests 

18.1 General 
Routine tests shall be as spf~1fied in Table 12. 

18.2 Spark test on overoeath 
The oversheath shall be 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 to 20°C in 
accordance with that standard. 
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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 
Rated voltage, Uo 

kV 

3.8 

6.35 

8.7 

12.7 

19.0 

18.5 Voltage test on complete cable 

18.6.1 Method 

Teat voltage r.m.B. 

kV 

7.5 

12.5 

17.5 

25.5 

38.0 

Apply the voltage between the conductor(s) and the metallic screen(s) with the metallic screellt{s) earthed. 
Raise the voltage gradually and maintain at the full value for 16 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 16 - Voltage for test on complete cable 
Rated voltage, Uo Test voltage r.m.lI. 

kV kV 

3.8 15.0 

6.35 25.5 

8.7 35.0 

12.7 51.0 

19.0 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 
Sample tests shall be as specified in Table 12. 

19.2 Frequency of sample tests 
Tests shall be carried out on samples taken according to quality control procedures. In the absence of 
such an agreement for contracts where the total length 2 km of three-core or 4 km 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. 
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Table 16 Number of IIlAmnl@ tests 
'l'hree·core cablelil Smgle-core cable iii Number of samplelll 

Above Up to ad mcill.dl.ng Above Up to ud meill.dl.ng 
km km Ian Ian 

2 10 4 20 1 

10 20 20 40 2 
20 30 40 60 3 

etc. etc. etc. etc. etc. 

All other sample tests shall be made on one length from each manufacturJing 
nominal cross-section of but shall be limited to not more 
contract. 

19.3 Repetition of tests 
If any sample fails in any of the tests specified in 19.1, two further shall be taken from the same 
batch and submitted to the same test or tests in which the sample failed. If both additional saIlrtplle8 
pass the tests, all the cables In the batch from which they were shall be regarded as confonning to the 
requirements of the standard If either of the additional the batch from which were 
shall be regarded as failing to confonn. 

19.4 Conductor material and construction 
The conductor material and construction shall be checked examination and shall conform to the 
requirements of clause 6. 

19.5 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 vV\. ....... ·· ... - ..... u·uu. clause 9 and shall conform to the 
requirements of Table 17. 

Table 17 - Hot set test conditions and requirements 
XLPE EPa 

Conditions 
Temperature 200"C 250"C 

Duration 15 min 15 min 

Mechanical stress 0.2N!mm2 O.2N/mm2 

Requirements 
Maximum elongation under load 175% 175% 
Maximum .•. after unloading 15% 15% 

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

19.8 Tbiek:ne8S 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 in the measured insulation 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. the average of the measurements shall not be less than the 
specified minimum average thickness. 
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19.9 Ineulation screen 
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 mm. No gap shall exceed8mm. 

19.11 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 
The application of the lapped bedding layer shall be checked by visual examination and shall conform to the 
requirements of clause 10. 

19.14 armoW' 

19.14.1 Method 
Take 10 % of the total number of 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 Requirement 
The diameter of the round armour wires, whether ...... ' ......... ",u steel or plain aluminium, shall not fall below 
the relevant nominal value specified in Tables 2 to as appropriate, by more than 5 %. 

U).15 Strip armoW' 

19.15.1 Method 
Take 10 % of the total number of strips, at random, from one 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 armour shall not differ from the relevant values 
specified in Tables 2 to as appropriate, by more than 5 %. 

19.16 Overslteatlt thickness 
The thickness of the oversheath shall be measured in accordance with annex F. When compared with the 
rel~~vaJt\t value given in Tables 2 to the smallest of the measured values shall be not less than the s~~Cltlea 
minimum thickness at a point. 

19.17 Flame propagation on cable 
The finished cable shall be tested in accordance with BS EN 502(55..2-1. After the test the cable shall conform 
to the performance requirements recommended in BS EN 50265-2-1:1999, annex A 

19.18 Smoke emission test 
When a of completed cable with a tabulated2) 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 than 70 rom.. 
NOTE For cables with a tabulated overall diameter greater than 70 mm the test method and requirements are under consideration. 

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

19.19.1 Method 

7835-ENGL 2000 .. 1624669 0885653 8 • 

the screen(s) of a piece of cable not less than 5 m in between terminations. Subject the cable to 
an power frequency applied between each and the screen(s). 

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

19.19.2 Requirement 
No breakdown of the insulation shall occur when the cOlnplletEd cable is subjected to a power frequency 
voltage of the magnitude in Table 18. 

Table 18 - Four-hour 
B.a.ted voltage, Uo 

kV 

3.8 
6.35 
8.7 

12.7 

19.0 

20 Type tests - Materials 
20.1 General 
Type tests shall be as specified in Table 12. 

20.2 Comer radii of shaped solid conductors 

15.0 

25.5 

35.0 

51.0 

76.0 

.1. test -.,. 
Test voltage r.m.s. 

kV 

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

20.3 Corrosive and gas 
Every non-metallic material shall be tested in accordance with BSEN 50267-2-1. The level of HCI shall be not 
greater than 0.5 %. 

20.4 Conductor screen resistivity 
The resistivity of the extruded screen shall be measured in accordance with annex G and shall not 
exceed 500 fl.m at 90 "C. 
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20.1 Insulation 
The insulation material shall be tested and shall oonfonn to the requirements of Table 19. 

Table 19 - Cross-linked polyethylene (XLPE) and ethylene propylene rubber compound 
(EPR) insulation 

Tellt I Te::~~~ _OManee ileqmementli 
60811:1995 

Seedon Cla.ue XLPE EPR 

Properties In the state os delivered 1-1 9 
Minimum tensile strength 12.SN1mm2 4.2N1mm2 
Minimum elongation at break 200% 200% 
Properties after ageing in alr oven 1-2 8.1 

'T, 
.~ 

136"e 135"e 
Duration 168h 168h 
Maximum variation for tensile "'W"Al6'"tt,'" 25% 30% 
Maximum variation for elongation at break& 25% 30% 
Properties after ageing In atr bomb 1-2 8.2 
Temperature - 127 
Duration - 40h 
Maximum variation for tensile strengtha - 30% 
Maximum variation for elongation at brea,k& - 30% 
Water absorption - gravimetric method 1-3 9.2 
Temperature 85"C 85"e 
Duration 336h 336h 
Maximum increase of mass 1 mglcm2 5mg1cm2 

SlarfnlMge test 1-3 9.2 
·D:.... between marks "L" 200mm .-
Temperature 130"e -
Duration Ih -
Maximum shrinkage 4% -
Ozone resistance test 2-1 8.1 
Temperature - (25 ±2) DC 
Duration - 30h 
()zone concentration - 250 ppm to 300 ppm 
Visual observation - no cracks 
II The variation Is the difference between the respective values obtained prior to and after heat treatment expressed as a percentage of 
the fonner. 

20.6 Insulation screen 
The resistivity of the extruded screen shall be measured in accordance with annex G and shall not 
exceed 500 .n·m at 90 "C. 

20.7 Insulation screen cold strippabillty 

20.7.1 Generar 
Where the manuJfacltwer claims that the screen is strippable, the test spE~ltle<1 in 20.7.2 shall be perfonned 
at (20 ± 5) "C. 

(!:) BSI 12-2000 19 



srD. BSI BS 7835-ENGL 21JI]I] • 1624669 0885655 688 • 
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 insulat:ion 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 slrip. Using a pulling speed of 
approximately 8 mmls, 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 insulat:ion 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/mm2 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 Requirement 
The mass of zinc coating of galvanized steel wires shall conform to Table 20. 

Table 20 - Mass of zinc coating 
Nominal diameter of armoW' wire Minimum. mlll.Ss of zinc coating per square metre 

rom 

1.6 

2.0 
2.5 
3.15 

20.10 Wrapping test for galvanized steel wires 

20.10.1 Method 

g 

172 

180 

195 

206 

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 tum 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 ca:rbon loaded tape layers shall be subjected to a wet 
compatibility test in accordance with annex H. 

20.11.2 Requirements 
After 7 days the dc. potential developed across the resistor shall not exceed 0.7 m V. 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 ahuninlum 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 area shall be determined, to an accuracy of ±l %, from the mass of a 
known length and assuming a density of 2.703 glcm3. 

Take the average of all the measurements to be the tensile strength. 

.. v •• .L",." RequIrement 
The tensile strength of aluminium wires shall be not less than 125 N/nun2. 
The tensile strength of the individual strips of aluminium armour shall be not less than 145 N1mm2. 

20.13 Oversheath 
The oversheath material shall conform to BS 7655-6.1: Type 

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

a) Oversheatk: 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 at break (test procedures as specified in 
BSEN 60811-1-1:1995, clause 9). 

c) Insulatwn: tensile strength and elongation at break (test procedures as in 
BS EN 60811-1-1:1995, clause 9). 
d) Insulation screen: resistivity at 90 °c and strippablllty (if required) (test methods as specified in 
annex G and 20.7.1, respectively). 

Ccm4uctor screen: at 00 °c (test as specified in annex G). 

20.14.2 Requirement 
The cable shall conform to the requirements specified in Table 21. 

Table 21 - Compatibility requirements 
Component Test Requirements 

I Oversheath Minimum tensile strength IONlmm2 
Minimum elongation at break 100% 
Maximum variation of tensile strengthll. 40% 
Maximum variation of elongation at breru.ta 40% 

Extruded bedding layer Minimum tensile strength 6N/nun2 

Minimum elongation at break 100% 
Maximum variation of tensile strength<l 40% 
Maximum variation of elongation at breru.ta 40% 

Insulation screen Maximum -" at 90 °c l000n·m 
Force to remove strippable screen 18N toooN 

XLPE I EPK 

Insulation Maximum variation of tensile strengtb:ll, 

\ lOOOIl'm 
I:~ Maximum 

Conductor screen Maximum resistivity at 90 °C 
a The variation is the difference between the respective values obtained prior to I!lId after heat treatment, expressed as a percentage of 
the fonner. 
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20.11, 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 emission test 
When a sample of completed cable with a tabulated3) overall diameter up to and including 70 mm is tested in 
accordance with BS EN 50268, the smoke shall not result in transmittance levels lower than 60 %. 
This requirement does not apply to cables with a tabulated overall diameter than 70 mm. 
NOTE For cables with a tabulated ovemll diameter greater than 70 rom 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 when viewed without 
magnification, shall show no visible cracks or splits in the external or internal sUIface. 

20.18 Test for shrinkage of oversheath on cable 
When a sampJe 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 spE!Cified in 21.2 to 21.8 shall be performed on a of cable not less than 10 m in 
length between accessories, if any) in the sequence specified in Table 12. The tests 
specified in 21.9 and 21.10 be carried out on of 

21.2 Partial discharge test 
The cable shall be tested in accordance with annex E and the magniltu<le of the discharge on each core shall 
not exceed 5 pC, at the in Table 14. 

21.S Bending test 

21.3.1 Method 
The diameter of the cylinder for the bend test shall be not ilrl'!M.f!r than the following: 

- for single...core armoured cables: 15(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 em mm); 

d is the diameter of the conductor (in mm). 

NOTE If the conductor is not cireuIar, fi, = 1.13 -V8, where 8 is the nominal cros&sect:ional area em rom2J. 

Bend the cable around the test cylinder for at least one tum, at ambient tenlpe:m.t111'e. 
Unwind and repeat but this time bend the in reverse direction. Perform of 
operations a total of times. 
After completion of the bending test, visually e:xamine the (with nonnal or corrected vision without 
magnification). subject the sample to the partial test described in annex E. 

21.3.2 Requirement 
The cable shall no evidence of cracking. 
The cable sanlple shall the partial discharge test reql.lirEmte:nts given in 21.2. 

21.4 Tan J test in relation to voltage 
The tan J of each core of the sample shall be measured at anlbient temperature with ac. voltages equal 
to 0.5Uo, and and shall not exceed the linUts in Table 22. 

3) See releVllll1 construction table (Tables 2 10 11). 
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Table 22 -- Tan a in relation to voltage 
PropertJ 

Maximum tan a at Uo 
Maximum increase in tan a (0.5Uo to 2.0Uo) 

Tan a test In relation to temperature 

IU;.1 Method 

XLPE 

40 X 10-4 

20 X 10-4 

EPa 
200 X 10-4 

25 X 10-4 

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 a with an LC. 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 00 carried out during the healing cycle test described in 2UU. 

21.5.2 Requirement 
The measured values shall not exceed the limits specified in Table 23. 

Table 23 Tan a in relation to temperatnrE! 

Maximum tan a at ambient 40 X 10-4 

Maximum tan a at elevated temperature (i.e. 95 "C to 100 °C) 10-4 

21.6 Heating cycle test 

21.6.1 Method 

EPR 
200 X 10-4 

400 x 

Install the cable sample indoors in a draught-free environment at steady ambient temperature and away from 
direct sunlight. 
Place thermocouples at intervals not 2 m the length of the cable in order to 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 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 making suitable measurements of phase conductor or by other means. 
During the heating cycles, take at least four measurements of partial discharge in with annex E 
at approximately equal intervals at the end of a cooling cycle, including one measurement at the completion 
of the test after the last cycle). 

21.6.2 Requirement 
The discharge magnitude for each of the measurements taken shall not exceed 5 pC at the voltage specified 
in Table 14. 

21.7 Impulse voltage test 
When the cable is tested in accordance with annex L, at the appropriate volw[e specified in Table 
no breakdown of insulation shall occur. 

Table 24 Voltage for tmnllblP voltage test 
Rated voltage, Uo Imp"llllle withsUmd voltage 

kV kV 
3.8 75 
6.35 95 
8.7 112 

12.7 144 
19.0 194 
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21.S Four-hour voltage test 
The cable shall be tested for confonnity to the requirements of 19.19. 

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 mmz 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 

for alwniniwn conductors 

where 

I is the r.m.s. value of short circuit current (in A); 

t is the duration of short circuit current (in s), maximum 30 s; 

A is the conductor area (in mm2); 

Tz is the final conductor temperature = 250°C; 

Tl is the initial conductor temperature (in °C). 

21.9.2 Requirement 
The discharge magnitude (q) 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 0.0035 MO·km. 
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Annex A (informative) 
Recommendations for the selection of cables 
A.l General 

BS 7835:2000 

The cables specified in this standard. are designed to have improved fire performance when in air, and 
are expected to be used primari1y 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 dMded into three 
categories as follows. 

a} Cal6gory A Th.is category comprises those systems in which any phase conductor that comes in contact 
with earth or an earth conductor is disconnected from the system within 1 min. 

b} Cal6gory B. Th.is category comprises those systems which, under fault conditions, are operated for a short 
time with one phase earthed. IEC 00183 recommends that this period should not exceed 1 h. For cables 
covered by the present standard a longer period, not exceeding 8 h on any occasion, can be tolerated. The total 
duration of earth faults in any year should not exceed 125 h. 

CategcYry C. category comprises all systems which do not fall into categories A and B. 
NOTE In a system where an earth fault is not automatically and promptly the extra ~ on the In.sula.t1on or cablll$ during 
the earth fault lTI8iY reduce the life or the cables. If the system Is expected to be fairly often with a permanent earth fault, it 
lTI8iY be advisable to classify the system lIS category c. 
Table Al gives the lowest rated voltage of cable that should be used according to the system voltage and 
category. 

'l\lble A.l - Selection of cables for three-phase Le. systems 
Nominal voltage, U M&:rlmum sutalned System category MinImum rated volt&fle of 

voltage, Urn cable, Ur/U 
kV kV kV 

6.60r6 7.2 AorB 3.816.6 
6.6or6 7.2 e 6.35111 
11 or 10 AorB 6.35111 
11 or 10 12 e 8.7/15 
15 17.5 AorB 8.7/15 
15 17.5 e 12.7122 
22 or 20 24 AorB 12.7122 
22 or 20 24 e 19tJ3 
33 or 30 36 AorB 19tJ3 
NOTE For II. 33 kV or 30 kV system of categOry C, reference should be made to the manufacturer. 

The nominal U, in Table Al is the nominal between 

The maximum sustained voltage, Urn. 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, 

for example, to lightning impulses, fault conditions and rapid disconnection of loads. 

The nominal system voltages shown in Table A 1 are generally in accordance with series 1 of lEe 60038. 
system voltages intennediate between the values in Table A I, the cable should be selected with rated voltage not 
less than the next highest value (e.g. for a kV system of category A or B, the cable should have a rated 
voltage not less than 8.7/15 kVand for a 13.8 kV system of category e, not less than 12.7122 kV). 

A.3 Selection of metallic coverings 
All the cable designs in this standard include metallic coverings surrounding the cores, either indMduaDy or 
collectively, which are intended to be earthed when the cables are in use. 
Where it is especially required that the cable should have a barrier to water, or a barrier to petroleum 
and other solventB, it is recommended that the cable a metal details of which should be 
between the user and the manufacturer at the time of tendering or N.3.2}. 
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A.4: Metallic coverings - earth fault capacity 
The metallic coverings are usw.illy required to carry earth fault current 

Under the condition of an earth fault in the cable itself, due, for example, to spiking. the loca! heating at the fault 
poElition, caused by contact resistances or resistance in the fault, is more intense than in the metallic screen as a 

causes fusing of the screen and the current which the screen will sustain for a given time 
under these conditions is less than that it is suitable under through-fault conditions. 

Advice on the suitabilifiy of the type of metallic screen and cross-sectional area should be sought from the 
manufacturer. 

A.5 Current carrying capacity 
The cable selected should have a sustained current under the conditions of installation not less than the 
nwdmum current that it will be to carry during normal operation. It should also have a short-circuit 
current rating adequate for the short-circuit current and the time for which it can 

Standardized cummt rating data for the cables in this standard has not been Reference should be 
made to the manufacturer's recommendations. 
NOTE 1 Limitation on the t.emperatu.re oC the cables may be imposed in situations where they may be touched. 

NOTE 2 Due to the relatively high conductor there is a risk of drying out the soil 
thermal which in tum would lead to t.emperatu.re rising to a higher value than laid directly in 
the a factor should be or a lower maximum sustained conductor operating temperature should be 
&!i81illlleU, to take into account possible effect 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 the enquiry or n1l'lI""" 

The fonowing infonnation should be provided by the purchaser with the pnlluir'U or order: 

a) the number of this British :stanrutrd; 

b) length of cable required and individual drum lengths, if important; 

c) voltage designation clause 4: and armex A); 
d) number of coresj 

e) size of phase conductor; 

f) conductor material copper or aluminium); 

g) fiype of conductor (ie. stranded or solid, shaped or circular); 

h) type of insulation a type required, i.e. XLPE or 

i) whether a cold strtpp~lble insulation screen is ........ ",""11'1 
and limiting dimensions (if any) of cores; 

8.2); 

.0 ~onal area and of metallic screen; 
k) type of metallic if (see A.3); 
1) 1;ype of annom; 
m) whether the cable is liable to be exposed to any potentiaJJy aal:reBIDve environments (e.g. 

NOTE See annexes A and N for recommendations for selection of cables. 

Annex C (informative) 
Recommendations for the installation 01 cables 
C.l General 

oil or 

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

Co2 Minimnm temperature during Installation 
It is recommended that the cables specified in this standard be installed only when both the cable and ambient 
temperatures are 0 "C and have been so for the 11, or where special have been 
taken to maintain the cable above this temperature. 
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c.s Mhrlmum. htstallatioo radius 
None of the cables specified in this standard should bent during installation to a radius smaller than that 
given in Thble C.I 

Thble C.l- :radius of cable htstallatioo 

Where possible, larger installation radii should be used, that the minirnwn bending radius where the 
cables are placed in position to and may be reduced to that given in Thble C.2 
provided that the bending is carefully controlled, e.g. by the use of a fonner. 

Table C.2- radius of cable 

C.4 Prevention of moisture .LIIl .. ",.,,. ... 

Care should be exercised during i.nstaJJation to avoid any damage to cable coverings. is important in wet or 
other aggressive envirorunents, especially for cables that do not have an extruded bedding. The cap 
should not be removed from the ends of the cable until immediately 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 moisture 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 
necessary. 

C.6 Jointing 
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 disconllnuiQ' in the return circuit via the armour and/or screens and no local of high 
resistance. Careful attention, therefore, should be to the design of all bonding clamps in joints and 
tennin.ati.ons to ensure that each wire or 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 mak:ing contact 
with them are thoroughly cleaned during installation and that the are adequately tightened to ensure good 
electrical contact Bonding damps in joints should be electrically 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 
then:nal capacity to avoid excessive overheating under short circuit conditions. 
WIth all the cables specified in this standard it is important to ensure that the sem.i-conducting i.nsuIation screen 
(see 8.2) is removed from the core(s) and any remaining semi-conducting coating or semi-conducting particles 
are thoroughly removed before application of the stress control components which may be made up of 

a) moulded components; 

b) various tapes; 
c) 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 
tenninating and jointing all cables specified in this standard 
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C.6 Compound filling 
For compound filled joints, the design of the box and the composition of the fi.lling 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 necessar,y to 
provide some other effective means of insulation. 

C.7 Ea.rthing of amoW' od 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 singl~ore cables to ensure that the bonding and earthing arrangements are 
adequate to cater for circulating currents in the armour and screens. 
In special circmnstances it may be necessar,y 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 armour and screens. 

C.8 Tests after installation 
Tests after instal1ati.on are not a requirement of this British Standard. However, it is recommended that the 
appropriate dc. voltage as given in 'ThI.ble C.3 is applied between each conductor and the armour and screens 
after all tenninating and jointing has been completed but before connection to the system 

Thble C.3 - Volt.age test after installation 
Cable voltage deslgnatioD D.C. voltage 

kV kV 
3.816.6 15 
6.3&'11 25 
8.7/15 37 
12.7.122 50 
19f.:l3 76 

The voltage should be increased gradually to the full value and maintained continuously for 15 min. No 
breakdown should occur. 
These test voltages are intended for cables immediately after installation and not for cables that have been in 
service. When testtng 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 de. testing after installation are cwrent1y under consideration. 

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

D.I General 
'J)pe 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 
contmcts if the tests have already been successfully perfonned by the manufacturer on similar items. 
If the type tests discussed in D.2 have already been successfully perfonned by the manufacturer for confonnity 
to BS 6622, repetition of the type tests is not necessary on account of differences in the protective ]ayers applied 
over the screened cores, unless these would be likely to have a significant effect on the results, taking into 
account that the prime purpose of the tests in D.2 Is to test the electrtcal perfonnance of the lnsulatlng 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.O. 
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D.2 SequeBtIal eleetrlcal type tests (see 21.2 to 21.8) 
The sequential type which are electrical tests, are intended to assess the performance of the type 
of cable. Cables are gene:rally of the same if they are of the same voJ.mge and of 
simi1arconstruct.ion. 

For the purposes of the sequential type tests, cables of similar construction are gene:rally regarded as those 
having the same number of cores (single-core or three-core), the sam.e form of conductor (stranded or solid, 
circular or shaped), the same insulating materlal (XLPE or EPR). and the same form of semi-conducting screens. 
One type of cable embraces a rnnge of different conductor sizes and, if the sequential type tests have been 
carried out successfully on cable(s) of particular conductor the results should be regarded as valid for 
cables of the same type having other conductor sizes. The of tests on of one conductor size in the 
range 70 mm2 to 300 rru:n2 should be accepted as valid for cables of other conductor sizes in that rnnge. For 
cables of conductor sizes outside that range, tests on 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 but which have circular conductors. 

The of tests on cables with either stranded copper or stranded almninium conductors should be accepted 
as valid for similar cables with stranded conductors of the other metal. 
Successful tests on three-core cables should be accepted as valid for single-core cables, otherwise of the same 
type, for the same range of conductor size. as the manufacture of three-core cable ~ impose greater 
demands on the insulating 8)1Stem than for single-core cable, tests on singIe-core cable are gene:rally not regarded 
as the perfonnance of three-core cable. 

Testa performed successfully on cables with a slrippable extruded semi-conducting screen should be accepted as 
deI1tlorlStraig the performance of similar cables with fully bonded extruded screens. 
Testa performed successfully on cables of one voltage rating should be accepted as demonstrating the 
manufacturer's ability to produce saDsfactory cables of lower voltage rating utilizing the same materials and 
proces/;ing methods, without additional type testing. 

D.3 Compatibility test (see 20.14) 
The object of the compatibility test is to check that different 1l'Iaterials forming the componenm 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 manufactu:rer's selection 
of materlals and of the for other cables of any rated voltage and size or form of 
conductor. 

D.4 'JYpe tests on components 
The type tests on cable components, embracing the physical and chemical tests on insulation and sheathing and 
the measurement of 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 type tests are basically independent of the rated 
voltage or the size of the cable, unless 1l'Iateriais or methods of application and are varied according 
to the cable 

Successful tests on components from one cable should therefore be accepted as demonstrating the satisfactory 
pelfor.maJnce 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 mm2 and above, one cable in the range 50 mm2 to 95 mm2 should be selected 
for testing. 

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

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

Testa on Slru!.le-<x>re cables cannot be used to obtain approval for three-core cables. 
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D.6 Smoke emission (see 20.16) 
Cables should be selected for testing as fonows. 

a) To obtain approval for the full range of cables (or for a 
diameter), the largest size manufactured below 70 rom <I1aInetA~r 
b) To obtain approval for a partial range of cables, where the 
diameter, any cable above 40 rom diameter should be selE'lCtEd 

D."? Abrasion test (see 20.17) 

including cables above 70 rom 
selected for testing. 

cable manufactured is below 70 rom 

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

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

7 

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

0.9 of material 
The tests referred to in D.S to 0.8 assume that the materials are consistent throughout the :range of conductors 
for which approval is sought. Where a change occurs, it is to include additional testing as agreed 
betwAl~n the manufacturer and the purchaser to ensure that are adequately examined. 

0.10 Evidence of type testing 
A certificate of type test signed by the representative of a competent Wltlr&esl~mg 
manufacturer giving the test results and signed by the appropriate personnel 
acoe1)oOld as evidence of type testing. 

or a report by the 
organization should be 

ADllleX E (normative) 

Partial discharge test 
E.l Test equipment 

E.l.l supply transformer, of adequate capacity. 

E.l.2 VoUm.eter. 

E.l.S Calibmtm-. 

.l.JUidu'ttIJJE'7-,/n3e capacitor ami a terminnting (Y1' suppresser (when required). 

E.l.6 Partial device, consisting of a test circuit (see BS an and, if 
Ufti.l.l1C1ll, an coqjunction with a suitable amplifier to detect pulses. 

For routine tests the minimmn detectable discharge shall be not more than 10 pC and for type tests not more 
than The minimmn detectable dischazge (often referred to as the "sensitivity" of the is taken to 
be level of background. noise. Therefore the equipment, during tests with the cable shall 
have a noise level not than 5 pC for routine tests and not greater than 2.5 pC for type tests. 
NOTE individual clearly distinguished interference pulses may be disregarded 

E.2 Calibration 
out the transfer method of calibration in accordance with BS 4828: 1985, 5.2.1. 

NOTE Furiher guidance on d.ischatge calibration is given in annex ill of CIGRE Report 1968-21.ol [IJ, and IEEE Paper No. 69, 
CP88-PWR (2]. 

Connect the calibrator and detection circuit to the cable under test and inject predetennined charges. The 
calibration discharge is to the product of the calibration pulse amplitude U4) (in V) and the colllPliIlg 
capacitance Co of the (in F), so long as this capacitance is small compared with the aIIle.ciita,n(:!e 
cable under test. 

If an instrument a meter is used, wijust the amplifier gain so that the ratio of the 
h\jected signal to by the meter is unity. When an oscilloscope is used for the me:asmrement, 
ensure that the response ratio of the test circuit is better than 0.5 pClmm. The response ratio is the in 
picocoulombs of the calibrating per millimetre deflection on the oscilloscope screen. 

4) U has been used for the calibration 
rated voltage Uo designated in clause 

30 

amplitude in place of which is used in BS 4828, in order to avoid confusion with the 
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The gain shaD not be re-adjusted after the calibration has been unless a means is provided 
for a continuous display of a calibrating signal throughout the test. The means of providing the continuous 
displa¥ of a calibrating signal can be either of the following. 

a) The coupling capacitor of the primary calibration circuit is full voltage rated, and is then not disconnected 
before the high voltage ts transformer is enE!rgt~ 

A secondary calibrator is connected to the input of the detector. In this case the amplitude of the secondary 
to produce a given response is pre-calibrated against the primary calibration circuit before the latter 
is disconnected and the high voltage ts transformer is ene:rgllre<1 

When tests are to be made on full drum lengths of cable, as in routine an attenuation factor, F, to 
compensate for the loss of signal amplitude in the cable and coupling ~mcitor, shall be determined. One method 
is as follows. 

With the cable under test connected to the detection circu.i.t, inject a calibration pulse into the detector 
tenninal, noting its voltage (61) and the response at the detector. Then connect the calibrator to each end of 
the cable in tum and aQjugt the step wave voltage to the same response at the detector as 61-
Record these voltages, €2 and 63. Obtain the attenuation factor from these three voltages by the equation: 

Cotrection for attenuation is gene:rally not necessary for ~ tests on relatively short lengths of cable. For 
routine tests, 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 :rruJ¥ be perionned with the calibrator at the end of the cable from the 
detector. Then, provided that the cable is tenninated 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 puJse, will indicate a higher level of discharge than the 
true value. 

Provided the under these calibration conditions does not exceed the specmE!d :m.aximum 
value, there is no to correct for attenuaUon. 
Cotrection for attenuation may be reQllllred., 1'\,,,,,,,,,,,,,,,,.. if it is desired to establish the level of discharge in the 
cables as closely as possible or if it results sufficiently to influence confonnity to the specified limits. 

E.3 Procedure 
apply a test voltage, of frequency between 40 Hz and 62 Hz, in sequence between the 

conductor and the TnE"tAllw screen. Raise the voltage to 2.25UO and hold for not more than 1 min. Reduce the 
voltage slowly to 2UO and measure the discharge magnitude at this voltage. 

For routine tests on drum lengths, correction for attenuation shall be made. One method is to repeat the ts 
with the detector connected to the other end of the under test. If the values of discharge magnitude 
measured at the two ends of the length are ql and Q2, the corrected discharge magnitude, q, can be calculated 
from the following equation: 

q F~(ql X qV 
where F is the attenuation factor obtained from the equation given in E.2. 

Annex F (normative) 
Thickness measurements 
F.1 SampHng 

Measurement of the thiclmes.<!! 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 having discarded any """"'linn 

which may have suffered damage. 

If any of the thicknesses measured does not confonn 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 confonn to the requirements of this British. Standard, but if either does not meet the 
req'l.Ji.n~mE~nt.s the cable shall be deemed not to confonn. 
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F.2 Procedure 
Make measurements on each component in accordance with the method in BSEN 60811-1-1:1995, clause 8, 

either the equipment specified in 8.1.2 of that standard or a hand lens. 
event of a dispute, the equipment specified in BSEN 60811-1-1:1995,8.1.2 shall be used. 

For three-core cables, measure the insulation thickness on each core. 

When determining the thickness from several measurements, round the resultant value to the 
nearest 0.1 mm (O.05mm rounded UDvrardls) 

Annex G (normative) 
Method of measuring resristivit-s of extruded semi-eonducting conductor and 
insulation screens 
G.! Preparation of test 

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

G.1.2 lest pieces for cables with circular conductors 
Prepare the conductor screen test by cutting a sample in half longitudinally and then the 
conductor (see the insulation screen test by removing all the coverings the 
sample of core 

G.l.3 Test pieces for cables with gaped conductors 
NOTE For cables having 

Prepare the test 
(see Figure G.3). 

G.2 Procedure 

conductors, the same rest piece lll8¥ be used for both conductor and insulation screen measurements. 

5 mm strips of insulation, both conductor and insulation screen 

Apply four silver electrodes A, B, C and D to the semi-coruiucting surfaces (see or 
to each of the surfaces (see Figure G.3) as Ensure that the two potential eJecO'O(iE!S, 
B and C, are mm apart and the two current electrodes, A and D, are each 
beyond the pobential eJ.ectl'O(iElS. 

Make connections to the electrodes by means of suitable avoiding damage to the screen. In 
with 5 mm strips, ensure that when making the measurements on one side of the test piece, the 
insulated from the electrodes on the other side (see 
A simiJar 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 and after an inteIVal of at least 30 measure the 
resistance between the electrodes B and C means of a circuit with the power not 100 m W. 
After taking the electrical measurements, measure the diameter over the screen and 
insulation (see Figure G.2), the width of the conductor screen and insulation screen G.3) and the 
thickness of the conductor screen and insulation screen Figures G.!, G.2 and in cases taking the 
average of stx: measuremenm. Measure the distance between the two potential. B and C. 

32 @ BSI 12-2000 



STD.BSI as 783 

A 

B and C are potential electrodes 

A and D are current electrodes 

NGL 00 • 4669 0885 

Insulation screen 

Figure G.t - Test piece and arrangement of electrodes tor measurement of 
resistivity of conductor screen of circular core 
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Conductor screen 

B and C are potential electrodes 

A and D are current electrodes 

Figure G.! - Test 

STD.BSI BS 7835-ENGL 2000 II 162q669 0885669 1 

All dimensions are in millirnel.res 

ud arrangement of electrodes for measurement of resistivity of 
insulation screen of circular core 
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A 

A, B, C and D are silver plated electrodes 

t Insulating strips 

All dimensiON are in millimetres 

Figure G.3 - Arrangement of test piece, electrodes and I.nsulating strips for measurement 
of resistivity of conductor and I.nsulation screens of shaped core 

G.3 Caleulations 

G.3.1 Conductor sereen qf circuku core 
Calculate the p (in fl.m) of the conductor screen of a circular core 
equation: 

RXltX xT 
p= 

where 

R is the resistance measured 0); 

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 m). 

G.S.2 InsulatWn screen of circuku core 
Calculate the resistivit¥, p (in am), of the insulation screen of a. circular core 
equation: 

RXltX xT 
p :::: 

where 

R is the resistance measured (in 0); 

L is the distance measured between electrodes (in m); 

D is the diameter over the insulation (in m); 

T is the average thickness of the conductor screen (in m). 
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G.l) from the following 

Figure G.2) from the following 
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G.3.3 Conductor ami tnsulaffon screen of shaped core 
Calculate the resistivity, p (in fl.m), of the conductor and i.nsuLation screen of shaped core (see Figure G.a) from 
the following equation; 

RxWxT 
p=--::--

where 

R is the resistance measured (in 0); 

L is the distance measured between potlential electrodes m); 

W is the average width of the screen 

T is the average thiclmess of the screen em m). 

Annex H (normative) 
Wet compatibility test 
Samples of the semi-conducting carbon loaded and steel wire shall be taken from a complete cable 
and immersed for 7 days in a. test cell as shown in HI. 
The cell shall contain a. minimum volume of 500 mI of O.1M NaCI solution. The total surface area of the tape 
below the surface of the liquid shall be 500 mm2 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 100 resistor. 

Galvanized steel wire 
(below liquid surface) 

10 Q 

1 litre beaker 

Dimension in millimetres 

500 mrn2 semi -conducting 

....a--+-- 500 ml O.1M NaCI 

B.t - Electrochemical test of semi-conducting carbon loaded tape layer 

o 

C BSI 12-2000 



STD.BSI BS 783 ENGL 2000 .. 1624 

Annex I Spare 

Annex J (normative) 
Abrasion test 

088.5672 767 .. 
BS 7835:2000 

of cable straight and horizontal on a firm base. In the middle part of the sample, place a length of 
low (mild steel) angle horizontaDy, at right angles to the cable, with its angle edge resting on the 
cable and with its ann symmetrical about the vertical plane. Ensure that the outer radius of curvature of the 
angle edge is not less than 1 rom and not greater than 2 rom (see Figure J.1). 
Ver1icaIly load steel angle, above the of contact, to give a foree in accordance with 

Table J.l - Vertical foree on cable • abrasion test 
Overall meuured diameter of eable Foree 

Greater thu or eqnal to Leuthu 
mm mm N 

20 30 35 
30 4{l 65 
4{l 50 105 
50 60 155 
60 70 210 
70 270 

Drag the steel angle horlwntaDy along the cable for a distance not than 600 rom at a speed of 
between 150 mmls and 300 mmls. Reverse the direction of movement at the end of each pass to 
give 50 passes, 25 in each direction, over the 600 rom test path. 
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Low carbon steel 
(mild steel) angle 

A Is the staJ:tlfi.nish position 

B Is the staJ:tIfi.nish position 

A-B is the minimum te$ path length 

Force (see Table j.1) 

Figure J.l- Abrasion test 

Dimension in millimetres 
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AWrleX K (nol'DUltive) 
for shrinkage of sheath on cable 

K.l General 
This test shall canied out to determine the shrinkage of sheath during heat treatment. The test shall be 
carried out in accordance with BSEN 60811-1-3 modified in accordance with K.2 tD lUi. 

K.2 Selection of samples 
'lake one sample of each cable to be tested about 300 nun in length and at least 500 mm away from the end of 
the cable length. 

K.3 Preparation of test piece 
Within an interval of not more than 5 min from the time of the mark a test length of (200 ± 5) mm 
on the middle part of the test piece. Measure the distance between the marks to an accuracy of 0.5 nun. 
PrPf~n:> the test piece the sheath from both ends of the sample up to between 2 nun 

nun away from 
Bind the annour at both ends. 

K.4 Procedure 
Perfonn 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 and test piece shall not exceed 10 % of the volume of 
the oven. Preheat the oven with the test apparatus place for a minimum of2 h at 80 OC before the test piece is 
introduced. 
Support the test horizontally on surface of the talc bath. Ensure that there is sufficient depth of talc so 
that the test does not touch the bottom of the bath. the talc without compacting it, at the 
start of the so ~ to permit movement of the 
Introduce the test piece into the test oven, and maintain it at a temperature of (80 ± 2) OC for 4 h. At the end of 
this remove the with the test in place, and allow it to cool to ambient temperature. 

Re-:measure the distance between the two marks on the test to an accuracy of 0.5 nun. 

K.5 Evaluation of results 
Calculate the difference in the between the marks before the heat treatment and after the and 
cooling, and record the shrinkage ~ a percentage of the distance between the marks before the treatment. 

Annex L (nOl'DUltive) 
Impn1se voltage 

L.t 'l'e8t assembly 
The test shall be situated indoors in reasooab]y still air and away from direct sunlight No horns 
shall fitted to sealing ends. 

main components of the test assem.b]y are an ""''IJ'"'''''''' generator, a 
the cable sample to be tested. 

L.Z Procedure 

divider, an impulse wave monitor 

Connect one core of the cable to tested to the impulse generator with an associated voltage divider and 
oscillograph Adjust the cireui.t values of the impulse generator to an impulse wave confonning 
to BS 923-1 EN tJOO6O..2, that the wavefront may have any :from 0.5 !.LS to 5.0 IJ& If using an 
oscilloscope, make in short and long time sweeps to record the wavefront and wavetail c:iuration of 
the test impulse wave. a digital measuring sy.!ltem, measure the timing of the wave. Leave the circuit 
values of the impulse generator unaltered for the remainder of the test period 
App]y to the test cable a loading current of a value estimated to produce the required conductor temperature. 
Keep this current constant until the cable sheath temperatures have been steady (La. with a variation not greater 
than 2 OC after due allowance ~ been made for ambient temperature variations) for a minimum of2 h. Calculate 
the maximum conductor from a consideration of the conductor current and the 
maximum sheath temperature and the design value of cable thennal resistance . .Alternatively, the conductor 
temperature may be established by any similar method such as the actual of an identical 
sample along with its sheath temperatures. Ensure that the or measured temperature is 
within the range 95 "C to 100 "C. If not, aQjust the loading current ~ required, until the temperatures are 
constant. 
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the 2 h temperature period, pedorm a calibration of the i.mrJulse g"'n'~Nllr,nl" 
Connect a sphere gap across the test assembly. each 
generator charging voltage to give 50 % sparkover of the gap, of the voltage. 

Perform this procedure for at least three different gap settings using the positive polarity of the impulse 
voltage and select the settings so that their 50 % sparkover voltages, as given. in BS 358, are about 65 %, 75 % 
and 95 % of the required impulse withstand voltage. 

Draw a curve relating charging voltage to sphere gap voltage and e.xtrapolate 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 maximmn sphere gap sparkover voltage and the 
corresponding impulse voltage oecillogrnm.. Alternatively, the voltage divider ratio can be measured using a 
meter speciftcalJy designed for this purpose. Use this value of the voltage ratio for all the oecillograms 
made in the course of the series of tesm positive polarity. 

WIth the sphere gap setting increased and the cable maintained at the required temperature, 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 inteIval 
between successive impulses is just sufficient to fully charge the impulse generator. 

Immediately after the application of the 10 positive impulses, recaJibrate 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 oecillograms of at least the first and tenth in each sequence of 10 impulses, including base and 
calibration lines and a timing wave. Altemafively, if a digital measuring system is u:1iJ.iz.ed, then the print outs 
shall include the peak voltage and wave timlilO!:! 

the impulse tests on any other cores of the cable. 

Annex M (normative) 
Insulation resistance coutant test on oversheath 
M.l Procedure 
1 ..... ., ........ _ 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 (20 ± 1) "c for 
the 30 min immediately preceding the test. Apply a of between 80 V and 500 V dc. between the armour 
and the water. Measure the insulation resistance 1 min the application of the voltage. 

M.2 Caleulation of results 
Calculate the insulation resistance constant (K value) in Mil·km from the following equation: 

K= 1R 
1 000 IoglODld 

where 

D is the diameter over sheath mm); 

d is the diameter over armour (in mm); 

l is the immersed length of cable (in 

R is the insulation resistance of the length of cable (m Mil). 

Annex N (informative) 
Guide to use 
N.l 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 and in.sta.lJ.ation of cables in 
accordance with this British Standard is entrusted to and competent 

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 eledrlcal 
up to the :rated voltage indicated on the cable. A.2 JisIs the of the cables specified in this 
standard. These voltages should not be exceeded. 

N.2.2 These cables are intended for use at a nominal power range of 49 Hz to 61 Hz. 

N.2.3 There are several aspects which need to be taken into account to the capability of the cable to 
withstand the woISt anticipated fault condition of the as follows. 

a) A solidly or directly earthed system in general that the earth fault current is at least equal to the 
values of the fhree..phase or phase-to-phase fault current. 

b) When an earth fault current is it is necessmy to ensure that the conductor also has this 
capabili13r. 
c) work on spiking of cables has been 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. 

476 • 

d) It is essential that COnnectiOIlS at joints and tenninations onto metallic elements canying fault currents to 
earth have at least equal capacity. 

N.2.4 The poliiSWle effects of transient over-voltages should be recC)gnilZed as 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 
conditi~)I1S, should be provided 

N.3.2 can be banned by exposure to corrosive products or solvent petroleum 
vapours. 

N.3.3 Cables specified in this British Standard are not for use for the fonowing: 

a) as aerial cables; 

b) as submarine cable or for h\Ying in water-logged conditions; 

c) where subsidence is likely, unless special precautions are taken to minimize dalnag;e; 

d) where any exposure to excessive heat is involved 

N.9.4 If the cables specified in this standard are exposed to localized solar radiation or high temperature 
ambient conditions, this reduces the current canying capacity: 

N.3.3 The standard components supplied on these cables do not damage 
by etc. 

N.3.6 Loaded. 
contact. 

can have a surface temperature which requires protection to be provided against accidental 

N.4 IMtallation 

N.4.1 PreeautiOIlS should be taken to avoid mechanical damage to the cables before and 
(see annex C). 

installation 

N.4.2 the recommended maximum pulling tensions can result in darrwge to the cable. 

N.4.8 If 

N.4.4 The 
materials. 

are to be installed in ducts, the conect size of dud should be used. 

jointing and filling compOlmds employed should be chemically compatible with the 

N." 'lbe cable support system should be such as to avoid damage or danger under normal or fault conditions. 

N.4.6 Cables in this British Standard are designed for fixed installations they are not for use as, 
for example, or cables. 

N.4. 7 Repeated can lead to premature failure of the cable, see C.8. 

N.4.8 The selection of 
intended use. 

accessories and any associated tools should take account of an aspects of 
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N.4.9 Care should be with cables to ensure that the bonding and earthing ammg4ilffiE!I\ts 
are adequate to cater for cireuJ.ati.ng currents in the armour. 

N.I Storage and lumdlliag of drums 

N.I.l Cable drums should be regularly inspected storage to assess their physical condidon. 

N.I.2 where applied, should not be removed from the drums Wldl the cable is about to be installed. 

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

N.I.4 Care should be taken to avoid deterioration of drums or their a hazard to the general public. 

N.I.I The manufacturer should be consulted for detailed guidance as to the safe handling of cable drums. 

N.G Scrap cable - incineration 
Incineration of scrap cable should be undertaken by a licensed contractor. For further infonnat1on, the 
Environment Agency should be K'nr,t",,,t....t 
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Bibliography 

Standards pubHcations 

as 6622:1999, Specifwation for cables with extruded cross-linked polyethylene or ethylene propylene rubber 
insulation for rated voUagesjrr:rm 3.816.6 kV up to 19/33 kY. 
IEC 60038:1983, lEG standard voltages. 
IEC 60183:1984, Guide to the selection oj highrvoUage cables. 
IEC 60695-5-2:1994, Fi:re Iu1zard testing - Part 5: Assessment oj potential corrosion damage by fire 
effiuent - Section 2: Guidance on the selection and use of test methods. 

Other documents 

[lJ CONFERENCE INTERNATIONALE DES GRANDS RESEAUX ELECTRIQUES (CIGRE). Report 1968-21-015). 

OF AND ENGINEERS (IEEE). no. 69, CP88-pWll;6). 

5) Published by and obtainable from, Conference International des Grands Reseaux Electriques (1 haut tension), 112 Boulevard 
Haussman, 7608 Paris, France. 
6) Published by and obtainable from the Institute of Electrical and Electronics EngIneers Inc. 345 East 47th Street, New York, 
NY 10017 USA. 
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BSI 
389 Chiswick High Road 
London 
W44AL 

STD.BSI BS 78 -ENGL 2000 .. 162q6b9 088 78 185 .. 

BSI - British Standards Institution 

BSI is the independent national body re8iPOI1sib.le for preparing British Standards. It 
presents the UK view on standards in and at the intemationalleveL It is 
JnC()1JK'I'a.Q~ by Charter. 

RensioD8 

British Standards are updated by amendment or revision. Users of British Standards 
should make sure that they possess the amendments or editions. 

It is the constant aim of BSI to improve the quality of our products and services. We 
would be grateful if anyone flnding an or ambiguit.y while using this 
British Standard would infonn the Secretary technical committee :responsible, 
the identity of which can be fOWld on the inside tront cover. Tel; 020 8996 9000. 
Fax: 020 8996 7400. 

BSI offers members an individual updating service called PLUS which ensures that 
subscribers automatically receive the latest of standards. 

Buying standards 

Orders for all BSI, international and foreign standards putlllal.tlOltlS should be 
addressed to Customer Services. Tel: 02089969001. 8996 7001. 

In response to orders for international standards, it is BSI 
implementation of those that have been published as 
otherwise requested. 

InfORmation on standards 

Drovid~ES a wide rnnge of infonnation on national, and international 
stalndards through its Librmy and its Thchnical Help to Service. Various 

electronic information services are also available give details on all its 
Droduc:ts and services. Contact the Information Centre. Tel: 020 8996 7111. 

020 8996 7048. 

Subscribing members of BSI are kept up to date with standards developments and 
receive substantial discoWlts on the purchase For details of 
these and other benefits contact Membership Tel: 020 8996 7002. 

020 8996 7001. 

UO]pyright subsists in all BSI publications. BSI also holds the of 
put)l1amOltlS of the international standardization bodies. as pelmitted 

the Copyright, Desigru; and Patents Act 1988 no extract may 
stored in a retrieval or transmitted in fonn or any means - .. I.,..~ ..... i,.. 
ph()t;oc:op)!ing, recording or otherwise - written trom BSL 

n_l'lnct", the free use, in the course of implementing the of 
such as and size, twe or grade designations. If 

are to be used for any other purpose than implementation then the prior 
BSI must be obtained. 

per!lllis!non is granted, the tenns may include royalty paJrnents or a HcensiIlg 
agreement. Details and advice can be obtained from the Copyright MaI:mgE~ 
Tel: 0208996 7CY70. 
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