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Foreword

BS 7894 was prepared by Subcommittee GEL/20/16 in order to complete the
implementation of nationally applicable parts and sections of HD 621 51:1996
published by the European Committee for Electrotechnical Standardization
{(CENELEC), in accordance with the decision of the CENELEC Technical Board.
Sections 3-J1, 3-J2, 4-J1 and 4-J2 of HD 621 are already implemented by

BS 6480, BS 7894 therefore implements the remaining nationally applicable
parts and sections, which are as follows:

Part 1: General requirements;
Part 2: Additional test methods;
Section 4-J3: Three core cables with aluminium sheath.

NOTE 1  Ouly the texts of these two parts and one section are reproduced here, together with the
CENELEC foreword and contents page.

NOTE 2 The CENELEC foveword includes the statement that “By decision of the Technical Board
{DEED4T) National Committecs need at present only implement in their national language those
gections having national applicability”,

BS 7884, together with BS 6480, apecifies a range of medium voltage impregnated
paper insulated cables for power distribution having rated voltages up to and
mmcluding 19/33 kV.

In the implementation of thiz HD the following change has been made:

n Section 4-J3, A8 3) (marking clause) the standard number has been changed
from “HD 621 4.J-3" to “BS 7894",

It has been assumed in the preparation of this British Standard that the
execution of its provigions will be entrusted to appropriately qualified and
experienced people, for whose use it has been produced.

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

Thiz publication does not purport to include all the neceasary provisions of a
contract. Users are responsible for its correct application.

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

Summary of pages
Thiz document comprises a front cover, inside front cover, pages i and ii,
the HD) title page, pages 2 to T8, an inside back cover and a back cover.

& BSI 16 April 2003
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HARMONIZATION DOCUMENT HD 621 S1
DOCUMENT D’HARMONISATION
HARMONISIERUNGSDOKUMENT October 1996

|Ce 29,040,20; 29.060.20

Descriptars:  Electric cable, insulated cable, compesition, dimension, construction characteristics, mechanical sharactarislics, test,
marking, Impregnated papar

English version

Medium voltage impregnated paper insulated
distribution cables

Cables de distribution moyenne tension Energieverteilungskabel mit getrankter
isolés au papier imprégné Papierisolierung fiir Mittelspannung

This Harmonization Document was approved by CENELEC on 1926-03-056. CENELEC members are
bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for
implementation of this Harmonization Document on a national level.

Up-to-date listsand biblisgraphical references concerning such national implementation may be obtained
an application to the Central Secretariat or ta any CEMELEC member.

This Harmonization Documnent exists in three official versions (English, French, German).

CENELEC members are the national eleckratechnical cammittees of Austria, Belgium, Denmark, Finland,
France, Germany, Greece, loeland, Treland, ltaly, Luxembeourg, Netherlands, Norway, Pertugal, Spain,
Sweden, Switzeriand and United Kingdom,

CENELEC

European Committee far Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Eurcpaisches Komitee fiir Elektrotechnische Normung

Central Secretariat: rue de Stassart 35, B - 1050 Brussels

@ 18968 Copyright reserved to CEMELEC members
Ref, No. HD 621 §1:1906 E
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FOREWOQRD

This Harmonisation Document was prepared by WGS9 of CENELEC Technical Committee TC20, Electric
Cables. It was agreed by TC20 st its Helsinki meeting (May 1994} to be submitted for formal vote by
MNational Committees.

The docurnent contains the following Parts, arranged according to the main constructional features of the
cables covered:

Part 1 - General requirements

Part 2 - Additional test methods

Part 3 - Impregnated paper insulatsd cables-single core, also pre-assembled
Part 4 - Impregnated paper insulated cables - three core

Each of Parts 3 and 4 are further divided into particular sections and, by decision of the Technical Board
{D68/047) National Committees need at present only implement in their national language those sections
having national applicability. The obligation remains howsever to announce the full HD in public by titles
and numbers, and also to withdraw any conflicting national standards.

Page numbering reflects the arrangement into Parts and particular sections, e.g. Page 4-C-3 is page 3 of
particular section C of Part 4.

References to other HDs, ENs and internaticnal standards are given in the particular parts or sections.

The draft was submitted to the CENELEC members for formal vote in August 1995 and was approved by
CENELEC as HD 621 51 on 1996-03-05 .

The following dates were fixed:

- latest date by which the existence of the HD
has to be announced at national level {doa) 1986-09-01

- latest date by which the HD has to be implemented
at national level by publication of a harmonised
national standard or by endorsement ~ {dop) 1397-03-01

- latest date by which the national standards conflicting
with the HD have to be withdrawn {doww) 1987-03-01
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PART

PART

1

2

PART 3

PART

BS 7894:2003

CONTENTS
General reguirements
Additional test methods
Impregnated paper insulated te-singl re, also pre-assempl

Single core draining or non-draining paper insulated cable - unarmoured; with or without
thermoplastic sheath {Type 3A)

Single cora cabies with paper insulation, non-draining

Impregnated paper insulated cables - single core cables

Single core cables 12/20kV and 18/30kV

Single core cables, also pre-assembled

Cahles with paper insulation - draining - unarmoured - PYC or PE sheathed - single core
Cables with PE sheath

Single core and SL type paper insulated cables with iead sheath {up to and including
12,7122kV)

Single core and SL type paper insulated cables with lead sheath {13/33kV]

mpregnated paper insulated cables - three core

Multicora draining or non-draining paper insulated cable - belted or screened cores - one or
three metallic sheaths - armoured or unarmoured - thermoplastic sheath or not.

Multicore cables with paper insulation, non draining

Impregnated paper insulated cable - belted H and SL type cables.

Belted multicore cables with polypropylene yarn serving, or PVC or polyethylene sheath
Armoured three-core cables with lead sheaths 12/20kV and 18/30kV and three-core cables
1211 5kV non-radial field

Multicore cables (Belted cables; three screened cores - one lead sheath; three metallic
sheathed cores - one outer covering)

Impregnated paper insulated cable - three core draining paper insulated cable - screened
cores, one metallic sheath - armoured or unarmoured serving, PE or PVYC sheath
Impregnated paper insulated cable - three core draining paper insulated cable - belted, one
metallic sheath - armoured or unarmoured serving, PE or PVC sheath

Three-core belted and screened cables, with |ead sheath and steel tape armour
Three-core SL steel armoured cables

Cables with one lead sheath (Type 41-1) and with three lead sheaths (Type 41-2) and with
sheaths of PE

Three core cables with lead sheath {19/33kV)

Three care cables with lead sheath, up to and including 12,7/22kV

Three care cables with aluminium sheath :

Armoured three core cables with lead sheaths and a rated voltage 23/40kV
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MEDIUM VOLTAGE IMPREGNATED
PAPER INSULATED DISTRIBUTION CABLES

PART 1 - GENERAL REQUIREMENTS
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REFERENCES

Part 1 of HD 621 incorporates by dated or undated reference, provisions from other publications. These
references are cited at the appropriate places in the text and the publications are listed hereafter. For dated
references, subsequent amendments to or revisions of any of these publications apply to Part 1 of HD 621
only when incorporated in it by amendmaent or revision. For undated references the latest edition of the
publication referred to applies.

EN 60811 Common test methods for insulating and sheathing materials of electric cables

HD 383 Conductors of insulated cables (Endorsing IEC 228 and 228A|

HD 405 Tests on electric cables under fire conditions

HD 805 Electric cables: Additional test methods

IEC 55-1 Paper-insulated metal-sheathed cablas for rated voltages up to 18/30kV (with copper or
aluminium conductors and excluding gas-pressure and oil-filled cables). Part 1: Tests.

IEC 229 Tests on cable oversheaths which have a spacial protective function and are applied
by extrusion

IEC 287 Calculation of the continuous current rating of cables {100% load factor)
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General

1.1

1.2

Scope

HD 621 applies to impregnated paper insulated cables for rated voltages Uo/U{Um) from
3.6/6{7,2)kV up to 20,8/36(42)kV used in power distribution systems.

This part {Part 1) spacifies the general requirements applicable to these cables, unless
otherwise specified in the particular sections of this HD.

Test methods specified are given in HD 805, EN 60811, HD 383 and HD 405 and in
IEC 55-1 and |[EC 229.

Part 2 covers all those test methods which are specific to paper insulated cables, and not
included in HD 605,

The particular types of cables are specified in Farts 3 and 4.
Object
The objects of this Harmonisation Document are:

to standardise cables that are safe and reliable when properly used, in relation to
the technical requirements of the system of which they form a part;

- 1o state the characteristics and manufacturing requirements which have a direct or
indirect bearing on safety;

- and to specify methods for checking conformity with those requirements,

Definitions

2.1

2.2

Definitions relating to insulating and sheathing materials

The insulation covered by this HD is paper, made from tapes, impregnated with suitable
draining or non-draining compound. A suitable metallic sheath (lead or aluminium} is applied
aver the individual cores {single or separately lead sheathed cores| or aver the assembly of
the insulated cores {3-core belted or screened cables). The cable may be protected by an
armouring and relevant serving and/or an outer sheath.

Definitions relating to the tests

Mote: Tests classified as sample (S) or routine (R} maybe required as part of any
type approval schemes.

2.2.1 Type tests (Symbol T}

Tests required to be made before supplying a type of cable covered by this HD on
a general commercial basis in order 10 demonstrate satisfactory performance
characteristics to meet the intended application. These tests are of such a nature
that, after they have been made, they need not be repeated unless changes are
made in the cable material, design or type of manufacturing process which might
change the performance characteristics.
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2.2.2 Sample tests (Symbol S)

Tests made on samples of completed cable, or components taken from a completed
cable adequate to verify that the finishad product meets the design specifications.

2.2.3 Routine tests (Symbol R}
Tests made on all production cable lengths to demonstrate their integrity.
2.2.4 Tests after installation

Installation tests are made to demonstrate the integrity of the cable and its
accessories as installed.

2.3 Rated voltage
The rated voltage of a cable is the reference voltage for which the cable is designed, and
which serves to define the electrical tests.
The rated voltage is expressed by the combination of the following wvalues Uo/U {Umj)
exprassed in kW,
Uo is the rms value between any insulated conductor and earth {metal covering of the
cable).
U is the rms value between any two phase-conductors of a multicore cable ar of a system
of single core cable.
Um iz the maximum rms value of the highest system voltage for which the equipment may
be used.
The standard rated voltages Uo/U (Um) of the cables in this HD are as follows:
Uoil (Um} = 3,6/617,2)-3,8/6,6(7,2)-6/10{12})-6,6/11 (12} -7F/12{14,5) -

B.7/15 {17,5) - 12/20 (24) - 12,7/22 (24} - 15/20 124] -
15/26 (30,5) - 18/30 (38} - 19/33(36) - 20,8/36 {42} - KV rms

In an alternating current system, the rated voltage of a cable shall be at least equal to the
nominal voltage of the system for which it is intended. If used in DC systems, the
maximurn voltage has 1o be specified in the particular sections.

Marking

31 Indication of origin

Cables shall be provided with an identification of origin consisting of tha marking of the
manufacturer's name or trademark, or (if legally protected} identified number by one of the
three following alternative methods:

(a) printed tape within the cable;
b printing on the insulation of at least one core;
c) printing, indenting or embossing on the sheath,
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3.2

33

34

3.5

3.6

3.1.1 Continuity of marks
The distance between the end of one complete set of marks and the beginning of
the next is specified in the particular sections,
Additional marking
Additional marking requirements may be specified in tha particular sections.
Durability
Printed markings shall be durable.
Legibility
All markings shall be legible. Printed markings shall be in contrasting colours.
Common marking
Under consideration,
Use of the name CENELEC

The name CENELEC, in full or abbreviated, shall not be directly marked on, or in, the cables.

Core identification

If required, the cores shall be identified by numbers, or by other schemes detailed in the particular
sections of this HD.

Coanstruction of cables

Compliance with the requirements specified in sub-clauses 5.1 t05.11 and in the particular sections
of this HD shall be checked by inspection and by measurement according to the test methods
listed in the particular sections.

51

Conductors

5.1.1 Material
Conductors shall be either plain annezled copper or plain aluminium in accordance
with HD 283 and with the requirements specified in the particular sections of this

HD.

Conductors shall be stranded either circular or shaped, or {for aluminium only) solid.
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5.2

5.3

5.4

5.5

BS 7894:2003

5.1.2 Electrical resistance

The resistance of sach conductor shall be in accordance with the requirements in
HD 383 for the given class of conductor.

Insulation
5.2.1 Material

Insulation shall be made of paper tapes, helically applied around the conductor and
impregnated with suitable draining or non draining compound,

Test requirements for the insulation are specified in the particular sections.
5.2.2 Thickness

Insulation thickness values for the core and the belt insulation are specified in the
particular sections for each cable type, size and voltags.

The mean value of the insulation thickness shall be not less than the neminal value
specified in the particular sections of this HD.

The minimum measured value shall not be less than the minimum value specified
in the particular sections of this HD,

Compliance shall be checked by the test method given in part 2.
5.2.3 Additional characteristics, if any

These are specified in the particular sections.
5.2.4 Belted cables

In a belted cable a further thickness of insulating paper shall be applied around the
assembled unscreened cores.

Screening of cores

Screening of cores, when required, shall consist of an insulation screening with or without
a conductor screening, as specified in the particular sections of this HD. The screening
shall consist of a semi-conducting and/or a metallised paper tape, as given in the particular
sections of this HD.

Assembly of cores

In multicore cables, the cores shall be laid up helically or with another suitable method.

Fillers and binder tape

For each type of cable, the particular sections detail whether that cable includes fillers or
not.

A centre filler may be used in multicore cables, and the assembiy of cores and fillers may
be held together by a binder tape.

11
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5.5.1

5.5.2

Materials

The fillers and kinder tapes, if any, shall be composed of a suitable material.
When fillers or binder tapes are applied, thare shall be no harmful interactions
hetween their constituents and the insulation and/or the sheath.

Application

Fillers in multicore cables shall be laid up together with the cores to form a round
and compact cable,

.6 Metallic sheath

The metallic sheath shall be applied as a common sheath over the laid up cores including
the belt insulation {if any] or separately over individual cores.

It is commonly made of lead, lead alloy or aluminium; requirements are given in the
particular sections.

5.7 Inner covering {beddingl

The inner covering may be extruded or lapped {e.g. bitumen impregnated paper tapes) over
the metallic sheaths.

5.7.1

5.7.2

Material

The material used for inner coverings shall be compatible with the cable
components with which it is in contact, and shall be selected by reference to the
maximum conductor temperature of the cable in normal operation.

Thickness

Unless otherwise specified for the particular type, the thickness of lapped beddings
need not be checked by measurement.

The thickness of extruded inner covering for each type of cable shall be specified
in the particular sections.

Compliance shall be checked by the test specified in the particular sections.

5.8 Inner sheath {if any)

An inner sheath may be specified in the particular sections.

5.8.1

5.8.2

Material

The material used for tha extruded Inner sheath shall be compatible with the cable
companents with which it is in contact, and shall be selected by reference to the
maximum conductor temperature of the cable in normal operation.

The test requirements are specified in tables 4A and 4B unless stated otherwise in
the particular sections.

Application

The inner sheath shall be extruded in a single layer as specified in the particular
sections,
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5.8.3 Thickness

The thickness of the extruded inner sheath shall be as detailed in the particular
sactions.

Armouring (if any}

The following types of armourings may be applied as specified in particular sections:

(a) steel round wire or flat wire armouring;
{b) stesl tape armouring;
{c) nan magnetic armaouring.

Detailed constructions of armourings are given in the particular sections.
Serving {if any)

QOver the armouring a suitable serving made of fibrous material is applied; requirements for
the applications as well as for the materials are given in the particular sections.

Quter sheath {if any)
5.11.1 Material

The outer sheath shall be applied as specified in the particular sections and shall be
of an extruded synthetic material suitable for the maximum conductor temperature
in normal operation and of the type detailed in the particular sections.

Tha test requirements for these compounds are spacifiad in Tables 4A and 4B
unless stated otherwise in the particular sections.

5.11,2 Thickness
83121 Sheath applied over a smooth surface

For a sheath applied on a smooth cylindrical surface, such as a
metallic sheath, unless otherwize specified. the mean value of the
thickness of the outer sheath shall be not less than the specified
value for each type and size of cable in the particular sections.

However, the thickness at any place may be less than the specified
value provided that the difference does not exceed 0, 1Tmm + 15%
of the specified value.

Compliance shall be checked by the test methods given in HD 605,
sub-clause 2.1.2.

5.11.2.2 Sheath applied over an uneven surface

For a sheath applied on an irregular cylindrical surface, such as a
corrugated metallic sheath or a sheath applied directly over an
armour, unless otherwise specified the mimimum thickness
measured at any paint of the outer sheath shall not fall below the
specified value given in the particular sections by mare than
0,2mm + 20% of the specified value.

Comphance shall be checked by the test methods given in HD 605,

13
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5.11.3 Mechanical properties before and after ageing
The sheath shall have appropriate machanical characteristics.

Compliance shall be checked according to the requirements specified in Tables 4A
and 4B unless otherwise stated in the particular sections.

5.11.4 Additional properties
These are specified in the particular sections.
Completed cables
All cables shall comply with the requirements specified in sub-clauses 5.1 to 5.11 and in the
particular sections of this HD and shall be checked by inspection and by measurements accarding
to the test methods in documents listed in the particular sections.
Sealing and packing

Prior t0 storage or shipment, cable ends shall be sealed by appropriate caps so that water ingress
is efficiently prevented, as well as to prevent leakage of the impregnating compound.

Cables shall be packed on drums. Refer to the particular sections.
Current carrying capacity

The current intensity that cables to this document can carry is determined by different conditions,
gither electrical {voltage drop) or thermal, whichever is most demanding.

The current-carrying capacity resulting from thermal limitations are calculated according to |IEC
Publication 287 ar equivalent existing methods.

These calculations shall take into account the operation and installation conditions,

Tabulated values of current-carrying capacities according to the cable for typical installation
conditions may be found in the particular sections.

Guide to use and sslection of cables
For guidance on the use of cables see particular sections of this HD,
When selecting the cables, attention is drawn to the fact that national conditions or regulations,

covering, e.g. climatic conditions or installation requiements, may exist. These should therefore
be followed in conjunction of this HD.
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Table 4B - Requiremenis of sheathing compoungs : PE {continued)

1 2 3 10 11 12 13
COMPOUND NO. TEST UNIT DMP 12 DMP 21 DMP 22 DMP 23
TYPE METHOD PE sheath PE sheath | PE aheath | PE sheath
MAXIMUM OFPERATING TEMPERATURE OF THE °C 80 @0 ap 80

CONDUCTOR

Mechanical properties

- before ageing on sample

minimum tensile strangth MPa 10 10 12,5
minitmurm glongation at break % 300 200 350 300
- after ageing on sample
tamperature bl 100 100 100 110
duration T1 h 240 240 48 336
minirmum tensile strength MPa 10
maximum wvariation T1/TO %
minimum slongation at break % 200 300 300
maximum wvariation T1,/TQ % + 286
- after ageing on complete cable
{mon contamination tegt}
lemperaturs °C 100 100
duration T1 h
duration T2 h 168 168
minimum tensile strength MPa
maximum variation T2/TO %%
maximum varation T2/TO %
minimum elongation at break % 300 300
maximum variation T2/TO %
maximum variation T2/T1 Y
Note: 1MPa = 1N/mm?
Remark: The tolerance on temperature values is given in HD 605 sub-clause 1.5.2 but may be varied if

specified in the particular sections

23
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]

Table 4B - Requirements of sheathing compounds : PE (concluded)

—oqcontrolled Copy, (¢)

1 2 i 10 11 12 13
COMPOUND NO. TEST UNIT DMP 12 DMP 21 DMP 22 DMP 23
TYPE METHOD PE sheath PE sheath | FE sheath PE sheath
MAXIMUM OPERATING TEMPERATURE OF THE G 80 80 80 80

- CONDUCTOR
Physical and chamical propaerties
pressurs test at high temperature
duration h 1+ 1@ 4/6
tempearatura e 80 116
. coefficient k -:36
maximum depth of indentation O . BO
shrinkaga test
duraticn h
temperatura e
maximum of shrinkage %
tests at low temperature
efongation test at low temperature
tamperature °c -15
minimum slangatian Yo 20
impact rest at fow termperatura
temperatura . -15 -36
bending test at fow femperature
-3
temperature Cc 15/-25
carbon black content
minirnLm 2
L
i shora-D hardneass
F minimLum
k]
E melt index
i maximum 0.4 0.B
-1
1 é'stmss cracking rasistance
L maximum
b 1
A& UV rasistance

ote: 1MPa = TN/mm?*

emark:

Bang U

" under consideration

Ticensed Copy: London South

21 hour preheating and 1 hour under load
¥ A force of 3.0N is applied via a 3.18mm diameter punch

The tolerance on temperature values is given in HD 805 sub-clause 1.5.2 but may be varied if
specified in the particular sections
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INSULATED CABLES

HD 621 51:19886
PART 2: ADDITIONAL TEST METHODS

MEDIUM VOLTAGE IMPREGNATED PAPER
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CONTENTS

GENERAL

Scope

Applicable tests
Classification of tests
Sampling

Test conditions

B i I
S R R S R R

NON-ELECTRICAL TESTS
2.1 Dimensions and constructional regularity of cable components

2.1.1 Measurement of insulation thickness
2.1.1.1 Method 1
2.1.1.2 Method 2
2.1.1.3 Method 3

2.1.2 Measurement of sheath thickness

2.1.2.1  Measurement of lead ar lead alloy sheath
thickness

2.1.2.2 Measurement of thickness of metallic sheath
(method 1)

2.1.2.3 Measurement of sheath thickness

2.1.2.4 Measurement of thickness of metallic sheath
{methad 2)

2.1.2.5 Measurement of thickness {excluding insulation
and metallic sheath)

2.1.2.8 Measurement of undersheath clearance

2.1.3 Measurement of armouring and related dimensions

2.1.3.1 Measurement of diameter of round wire armour
2.1.3.2 Measuremant of the dimensions of steel wires
2.1.3.3 Measurement of the thickness of steel tape
2.1.3.4 Measurement of thickness of bedding and serving

2.1.4 Verification of constructional regularity

2.1.4.1 Insulation - evaluation of registrations

Page
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11
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2.2

2.3

2.4

Tests on the paper insulation

2.2.1 Test for water soluble impurities in insulating paper
2.2.2 Drainage test

2.2.21 Method 1
2.2.2.2 Method 2

2.2.3 Measurement of breaking load and slongation at
break of impregnated paper

Tests on other cable components

2.3.1  Mass of zinc coating of galvanised steel wire or tape
2.3.2 Corrosion test

2.3.2.1 Test on corrosion protection of aluminium
sheath

2.3.2.2 Corrosion test {for cables under aluminium
sheath) :

23.2.3 Test for bitumen coating of aluminium sheath

2.3.2.4 Test for restriction of corrosion of aluminium
sheath

Undersheath pressure test

Water penetration test

Non staining test

Corrugated aluminium sheath removal test

NN
W e b
G O

Bend test on the complete cable

2.4.1 Methad 1
2.4.2 WMethod 2
2,43 Method 3

ELECTRICAL TESTS

3.1

3.2

3.3

Insulation voltage test

3.1.1 Voltage test on complete cable
Power factor, tan §

2.1 Method 1

Method 2

3
3.2.2
3.2.3 Method 3. Tan 6 on cables of rated voltage U, = 4,8kV

Sheath voltage test

d.3.1 D.C. voltage test on oversheath

BS 7894:2003
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Page

3.4 impulse voltage test

341 Method 1 28

3.4.2 Method 2 (hot impulse test) i
3.6 Special voltage test

3.5.1  4U, test on 3-core 185mm? conductor 32
3.6 Dielectric security test 32

4. LONG TERM TESTS

4.1 Loading cycle test 33
4,2 Accelerated ageing test 34

REFERENCES

Part 2 of HD 821 incorporates by dated or undated reference, provisions from other publications.
These references are cited at the appropriate places in the text and the publications are listad
hereafter. For dated references, subsequent amendments to or revisions of any of these
publications apply to Part 2 of HD 621 only when incorporated in it by amendment or revision. For
undated references the latest edition of the publication referred to applies.

EN 60811: Common test methods for insulating and sheathing materials of electric cables
HD 48: Impulse tests on cables and their accessories {Endorsing IEC 230)

HD 405: Tests on electric cables under fire conditions

HD 605: Electric cables: Additional test methods
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MEDIUM VOLTAGE IMPREGNATED PAPER INSULATED
DISTRIBUTION CABLES

PART 2: ADDITIONAL TEST METHODS

GENERAL
1.1 Scope

1.2

1.3

1.4

1.5

This part collates and specifies tha test methods to be used for testing impregnated
paper insulated electric cables for medium voltage public distribution systems.

Test methods in this part are additional to those already harmonised , eg EN 60811,
HD 405 and HD 605, and are used for testing cable types specified in HD 621, In
each case this HD gives complementary information needed for the practical
application to each specific type. Therefore the present part as such is not
sufficient for carrying out and evaluating the tests on electric cables.

Full test canditions {e.g. temperatures, durations| and/or test requirements are not
always specified in this part. Such data needed to carry out the tests is given in
the particular sections.

Applicable tests
Tests applicable to each type of cable are specified in the particular sections which
state also the sequence, the frequency of test, and the possibility of repeating failed
1ests.

lassification of tes
The classification of tests is given in Part 1 of HD 621.
Sampling

The size and number of samples are specified in the particular section of HD 621.

If a marking is indented in the sheath surface, the samples used for the tests shall
be taken so as to include such markings.

Test conditions

1.5.1 Ambient temperature

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

29
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1.5.2 Tolerance on femperature values

Unless otherwise specified in the particular section, the tolerance on
temperature values quoted in the test methods are the following:

Specified temperature. t{°C) Tolerance (K)
AHW=1= 0 + 2
0<i= §O according to relevant clause
50 <t = 150 + 2
t > 160 + 3
1.5.3 Frequency and waveform of power-frequency test voltages

Unless otherwise specified the test voltage shall be in the range 49 to
61 Hz of approximately sine-wave form, the peak valuefr.m.s. value being
equal to v'2 with a tolerance of + 7%. The values given are r.m.s.

Licensed Copy: London South Bank University, London South Bank University, Fri Dec 08 12:06:42 GMT+00:00 2006, Uncontrolled Copy, (¢) BS1

]
=



Licensed Copy: London South Bank University, London South Bank University, FriDec 08 12:06:42 GMT+00:00 2006, Uncontrolled Copy, (¢) B5S1

BS 7894:2003

NON-ELECTRICAL TESTS

2.1 Dimensions and constructi lari f le components

2.1.1 Measurement of insulation thickness
2.1.1.1 Method 1

{il Cahbles of voltage rating up to 12 700/22 00Q V
a) Micromater

The micrometer shall be capable of measuring the
thickness with an error not greater than £ Q,006mm.
The pressure foot shall have a diametar of not less than
6mm and not greater than 8mm. The pressure applied
shall be 350 kN/m* + 5%. The faces shall be
concentric and parallel to within 0,003mm over the
range of travel.

The faces of the micrometer shall be ¢leaned before
each measurement.

b)) PFr T

Make the measurement of the insulation thickness on a
sample not more than 150mm long, taken not less than
200mm from the end of sach factory length of cable
selected for the test, Bunch together the individual
paper tapes remaved from the finished cable without
removing surplus compound, and measure the total
thickness by a deadwaeight (dial)l micrometer having the
characteristics given in {al . include all the tapes which
make up the insulation in the measurement.

If necessary, separate the insulation into a few group to
obtain a satisfactory measurement and add the
thickness of all the groups to obtain the total thickness.

(il | f vol rating 1 W

Make the measurement of the insulation thickness on a
sample not more than 150mm long, taken not less than
200mm from the end of each factory length of cable
selected for the test.

Dismantle the sample until the dislectric screening tapes are
removed. Measure the diameter of the core in this condition
by means of a diameter measuring tape, having scale
divisions not exceeding 0, 5mm. Take the measurements at
50mm and 100mm from one end of the sample.
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2.1.1.2

2.1.1.3

Then remove the insulation until the conductor screen is
exposed and measure the diameter over the conductor
screen at the same points with the diameter measuring tapas.

Calculate the insulation thickness at each point of
measurement by halving the difference between the two
diameters at each pasition.

Method 2

The thickness of the paper-insulation shall be determined on test
pieces removed about 500mm from both ends. All canstructional
components over the paper-insulation, including semi cenducting
layers, shall be cut off.

The diameters over the insulation and the conductor shall be
determined with a measuring tape. The scale division of the
measuring tape shall be 0.5mm. For small cables the diameter
aver the insulation and conductor shall be measured with a slide
gauge [vernier calliper) on 3 places around the circumference. For
cables with sector shaped conductors the height and width over
the insulation and the conductor shall be detaermined an the great
and small axis of the conductor with a slide gauge.

The insulation thickness measured in mm at any place is the
difference of the two measured values at this place divided by
two. The average valus is the average of all measured values an
the test pieces. The lowest value shall be quoted to two decimal
places.

The measured wvalues shall be in accordance with the
requiremeants specified in the particular section.

Method 3

iy Measurement of the thickness of the bslt-insulation and the
insulation of round (stranded} cores with a cross sectional
arga = 120mm?,

Use a diameter measuring tape (steel tape, width = Gmmi}.
The accuracy and the sale division of the measuring tape
shall be such that it will be possibls to measure a diameater
difference of 0,5mm,

Measure the diameter over the insulation, remove the belt-
insulation or coré-insulation over a distance of about 30mm
and measure the diameter at this place.

Tha insulation thickness at each point of measurement shall
be calculated by halving the difference of the two diameters
measured at that position,
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(il Measurement of the thickness of the insulation of sector
shaped cores and round cores with a cross sectional area
< 120mm?2.

Use a micrometer with plane faces of 6 to 8mm diameter
and an accuracy of + 0,01mm.

Measure the diameter, in case of round cores, or the sector
height, in case of sector shaped cores, of the core-insulation,
Remove the core-insulation over a distance of about 30mm
and measure the diameter or height at this place,

The insulation thickness at each point of measurement shall
be calculated by halving the difference of the two diameters
measured at that position.

Measurement of sheath thickness

2.1.2.1

2.1.2.2

[ rement of | r lead alloy sheath thi

Take the measurement either an a ring or, for cables less than
12mm diameter aver the sheath, on a flattened circumferantial
strip carefully cut from a sample taken not less than 200mm from
the end of each factory length of cable selected for the test,

Determine the thickness of the sheath at a sufficient number of
points around the circumference of the ring sample or along the
surface of the strip sample, to ensure that the minimum thickness
is measured.

Make the measurement with a micreometer having one flat nose
and one ball nose or one fiat nose and a flat rectangular nose
0,8mm wide and 2,4mm long. When the measuraments are
made on the ring sample, apply the ball nose or the flat
rectangular nose to the inside of the ring.

Measurement of thickness of metallic sheath (method 1)

The thickness of lead sheath shall be determined by the strip
methad. The measurement shall be made on a test piece of
sheath about 50mm in length removed frem the finished cable
about 500mm from the end. A test piece shall be taken from
both cable-ends.

The piece shall be slit longitudinal and carefully flattened. After
cleaning the test piece, b measurements shall be taken along the
circumference af the sheath and not less than 10mm away from
the edge of the flattened piece. The measurement shall be made
with a micrometer having either a spherical nose or a ball nose
10,20 to 0,25mm radius) and an accuracy of + 0,01mm.

The measured wvalues must be in accordance with the
requirements specified in the particular sections.
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2.1.2.3

2.1.2.4

2.1.2.5

Measur n heath thickn

A sheathing ring having an approxirmate length equal to the cable
diameter, with a minimum of 20mm, shall be taken fram the cable
length.

The ring can be opened and flattened by hand in a shape of a
rectangular strip.

By means of a friction micrometer, both with spherical noses if
the sample has been left in the ring shape or with at least one flat
nose if it has been flattened, 5 measurement shall be performed
in well distributed locations at least 10mm far from the edges.

il rament of thickn f metallic sheath {method

The thickness of lead sheaths shall be determined by the
following method:

rip meth

The measurement shall be made on a test piece of sheath about
50mm in length removed from the finished cable length. The test
piece shall be taken a sufficient distance from the cable end o
allow a proper measurement to be made.

The piece shall be slit longitudinally and carefully flattened. After
cleaning the test piece, 8 number of measurements shall be taken
along the circumference of the sheath and at least 5mm away
from the edge of the flattened piece to ensure that the minimum
thickness is measured. The measurement shall be made with a
micrometer with plane faces of 2mm diameter and an accuracy
of + 0.07mm.

Measurement of thickness (excluding insulation and metallic
sheath)

i} Sampling

For the measurement of thickness of oversheath, take a
sample of not less than 200mm from one end of each drum
length of cable selected for the test.

If any of the thicknesses measured does not comply with the
requirements check tweo further samples for the non-
compliant items. |f both of the further pieces meet the
specified requirements, the cable is deemed to comply, but
if either does not meet the reguirements the cable is deemed
not to comply.

{iil  Test procedure

Make measurements for thickness of owversheath by the
method described in EN 60811-1-1.
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Whan determining an average thickness from several
measurements, round the resultant value to the nearest
0,1mm (0,05mm rounded upwards).

For the sample tests, the measurements may be made
generally in accordance with EN 60811-1-1, but using a
micrometer or optical device.

in case of dispute, the equipment specified in EN 60811-1-1
shall be used.

Measurement of undersheath clearance

To check for compliance with the requirements for sheath
clearance, the internal diameter of the sheath shall be measured
at a trough position using internat callipers. Two such diameters
shall be measured at right-angles to each other and the average
taken. The diameter over the cable assembly, including any
optional tapes, shall be measured at the same position by means
of a diameter tapa. The difference between the internal diamater
of the sheath and the diamater over the cable assembly is the
diamaetral clearanca.

2.1.3 Measyrgment of armouring and related dimensions

2.1.3.1

2.1.3.2

2.1.33

Measurement of diameter of round wire armour
Ten percent of the total number of wires shall be taken at random
from one sample of completed cable and the diameter of each

wire determined with a micrometer by taking two measurements
at right angles to each otheér.

The average of all the measuraments shall be taken as the wire
diameter,

Measurement of the dimensions of steel wire

[iy Round wire

Use a micrometer with plane faces of 6 to 8mm diameter
and an accuracy of £ 0,01mm.

(il Flat wire

Usse a micromster with plane faces of 2mm diameter and an
accuracy of + 0,01mm.

Measuremeant of the thickness of steel tape

Use a micromseter with plane faces of 2Zmm diameter and an
accuracy of = 0,0Tmm.
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2.1.3.4 Measurement of thickness of bedding and serving

Use a diameter measuring tape {steel taps, width < 6mm). The
accuracy and the scale division of the measuring tape shall be
such that it will be possible to measure a diameter difference of
0,5mm.

The thickness concerned at each point of measurement shall be
calculated by halving the difference of the two diameters "under”™
and "over” the layer measured at that position.

Verification of constructional regularity

2.1.4.1 |[nsulation - evaluation of registrations

A cable sample 300mm long shall be dismantled by removing the
insulation, at not more than 5 tapes per time, and evaluating the
number of registrations.

A registration shall be considered to have occurred when one or
both edges of tape lie for a maximum of 0,5mm and for at least
one complete turn or convolution, directly over or under:

a] the corresponding edge or edges on an adjacent tape, ar

b} any part of the gap between 2 adjacent turns of the adjacent
layers

Note: when there are 3 consecutive tapes under a} or b}
conditions, 2 registrations shall be considered.

The paper shall be free from chemical impurities, acids, alkalis and salts 1o
such an extent that not mare than 1% by mass is soluble in water whean
tested in accordance with this meathod.

Dry approximately 10g of the paper in an air oven at a temperatura
between 103°C and 105°C for 1h and weigh to an accuracy of 1mg.
Then cut it into squares of side approximately 15mm and subject it to
extraction in a porcelain dish or glass beaker on a boiling water bath with
200ml of distilled water for 15min. Decant off the extract through a filter
paper and repeat the process until four extractions have been made, the
same filter paper being used in each case.

Evaporate the total extracts to dryness on a water bath and finally dry to
constant mass at a temperature between 103°C and 105°C.

Then carry out a blank determination and subtract any mass obtained from
the mass obtained in the test,
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Calculate the value obtained as a percentage of the dry paper mass.

The conductivity of the aqueous extract shall not exceed 6 mS/m.

The pH value of the aqueous extract shali be not less than 6,0 and not
more than 8,0.

The ash content of the paper shall not exceed 1,5% on a moisture free
{ovan-gry} basis.

2.2.2 Drainage test
2.2.2.1 Method 1
Requirement. The sheathed cable shall be tested and the
maximum drainage of compound into the space provided shall be
documented.
Method. Carry out the test on a sample not less than 900mm
long, cut from a selected length of cable in its sheathed state.
Seal the test sample at both ends, and leave a space at one end
for the collection of any compound which may drain out of the
cable during the test. Suspend the sample vertically, with the
drainage space at the lower end, in a heated chamber for 7 days,
at not less than the appropriate temperature given in the table.
Measure the amount of compound which has drained into the
space provided at the end of this period.
Table 2.2.2.1 - Maximum drainage
1 2 3 4
Voltage Tt Test Maximum
designation temperature drainage*
o B %
Up to and All types 80 3.0
including
6 600/6 600V
6 350/11 000 Screenad 70 2.6
single-core and
threa-core
6 350/11 000 Belted three- 65 2,5
and core
8 700/11 000
8 700/15 000 All typss 70 2,5
12 700422 000 All types 65 2.5
14 000433 000 All types 513] 25

*Percentage drainage based on voiume of intenior of sheath of sample
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2.2.2.2 Method 2

ti} le sample
The cable sample, of length {300 + 10})mm and with both
ends opened, shall be vertically suspended in an air over
heated to the maximum cable working temperature = 2K,

{ii} Test method
At the end of the heating period, the volume of drained
compound, measured at room temperature and related to the
volume comprised inside the metallic sheath inner surface,
shall not exceed the values specified in the particular
sections.

2.2.3 Measurement of breaking load and elongation at break of

impregnated paper

Carry the test out on samples of crease free impregnated paper tapes, taken
from the completed cable. Cut the tapes into strips 15mm wide and not
less than 220mm long. Condition the strips for 24h at a relative humidity
of 65% and a temperature between 17°C and 21°C. Remove the surplus
compound and measure the thickness of the conditioned strips to the
nearest 0,002mm. Test the strips in a tensile testing machine having a
distance of approximately 180mm between grips.

Test six samples from each cable. Discard the highest and lowest
measurements. The final recorded value for elongation at break is the mean
of the results of the remaining four samples.

Whaen testad in accordance with 2.3.3 the paper, after removal from an
impregnated core, shall comply with the following:

a) the breaking load of the test strip shall be not less than 650 N/mm
of thickness;

(b} the elongation at break of the test strip shall be not less than 1,5%.

Tests aon other cable components

2.3

Mass of zinc coating of galvanised steel wire or tape

A sample of ten wires, or a sample of tape, shall be taken at random from
one sample of completed cable and the mass of zinc coating determined by
either a gravimetric or gas volumetric method,

The average of all the measuremants shall be taken as the mass of the zing

coating.



Licensed Copy: London South Bank University, London South Bank University, Fri Dec 08 12:06:42 GMT+00:00 2006, Uncontrolled Copy, (¢) BS1

BS 7894:2003

2.3.2 Corrpsion test

2.3.2.7 Test on gorrosion pr ion of aluminium she
{a) Method A : Trough method

{if Test pieces

The test piece shall be taken from a cable sample which
has been bent according to HD 805. After the bending-
test the corrosion praotection shall be broken through
with a cark-drill of 10mm diameter up to the aluminium
sheath at 4 places in the middle part of the bent
sample. At these places the corrosion protection shall
be removed and the metal-sheath cleaned carefully
without using any solvent. The 4 places shall be
staggered by 90° and a distance of 100mm each.

{iil Preparation of the test

The test piece is then bent roughly according to the
minimum bending diameter in a U-form and put into a
non metallic trough. The trough is fillad with a solution
of Na, S0, (10g dry Na, S0, or 22,7g Na, 50,.10H,0
dissolved in 1 litre of water] so that the level of the
solution is at minimum 500mm above the hollows. The
ends of the test piece shall be raised above the
solution. |f due to a higher cable diameter the test
piece could not be bent into a U-form, the test piece
has to be sealed with a insulating tape at both ends.
This test piece is then laid down into the solution, so
that the level of the solution is at minimum 500mm
above the hollows.

fiiiy T r r

The metal sheath shall be connected to the negative
pole of a BC source of (100 + 5} V. Metal plates of a
stainless steel (i.a. X 10 Cr NiS 188) shall be used as
the anode. The minimum cross section of the anode
has to be 100mm? per test piece, With a resistor of
{10 = 0,5}k O the current shall be limited to about
10 mA. For each test piece one resistor shall be used.

The DC voltage shall be applied for {100 + 2} h. After
that the corrosion protection af the test piece shall be
ramoved and the aluminium sheath shall be cleaned.

{ivl Ewvalyation of test results

Mone of the carrosion places, when viewed with the
naked eye, shall be have diameter of mora than 30mm.

If the results are not within these raquiremeants the test

may be repeated once with a double number of test
piecas.,
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(b}

i}

(i}

tiii)

{iv)

B : Beaker Me
Test pieces

The test pieces shall be taken from a cable sample
which has been bant according to HD 605. Four test
pieces, each 200mm in length shall be cut out of the
middle of the bent sample. With a cork-drill of 10mm
diameter the corrosion protection shall be broken
through up to the aluminium sheath at 4 places in sach
test piece. At these places the corrosion protection
shall be removed and the metal-sheath cleaned carefully
without using any solvent. Two of the hollows shall be
on opposite sides of the circumference and the second
pair at 830° thereto. The longitudinal distance between
the pairs shall be about 50mm.

Preparation of the test

The test pieces shall be sealed at the ends with an
insulating tape. Then they are put in a beaker
{1000ml), filled with a solution of Na, S0, (10 g dry
Na, 50, or 22,7 g Na, 50,.10H,0 dissolved in 1 litre of
water), The level of the solution shall be at least 20mm
above the upper hollow. Afterwards a cylindrical bent
metal plate made of stainless steel
(i.e. X10 Cr Ni S 182) shall be placed in the beaaker,
one per test piece. The metal plates shall be at the
inner side of the beaker and equidistant from to the
hollows.

Test procedure

The metal sheaths shall be connected to the negative
pole of a DC source of (100 = 5)V, the metal plates to
the positive pole. With a resistor of (10 = 0,5}k { per
test piece the current shall be limited to about 10 mA.

The DC wvoltage shall be applied for (288 = 12) h.
After that the corrosion protection of the test pieces
shall be removed and the aluminium sheath shall be
cleaned.

Evaluation of results

None of the corrosion-places, when viewed with the
naked eye, shall be more than 40mm diameter, and
further the arithmeticat average of the diameters of the
biggest corrosion areas from all 16 hollows shall be less
than 30mm.

If the results ars not within these requirements the test
may be repeated once with the double number of test
pieces,
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Corrosion Test (for cables under aluminium sheath}

{i)

(i)

General

This test is carriad out to ascertain that, in the case of local
damage to the protective covering of the aluminium sheath,
the possible corrosion of the external surface of the
aluminium sheath shall remain essentially close to the
damaged surfaca.

The cable sample shall be previcusly submitted to the
bending test (see 2.4.2).

Test method

At the centre of the sample, and using a circular punch
having a diameter of 10mm, the protective covering shall be
pierced in 4 places, 100mm longitudinally spaced and 20°
circumferentially.

Care must be used to clean the aluminium surface and to
rermave bituminous or similar compound, from the holes.

The cable sample shall be then U-bent over a bending radius
not lower than that shown in 2.4.2, and then immersed in
water containing 1% of sodium sulphate, in such a way that
the holes are immersed at least 500mm in water. The cable
ends shall be left outside the water,

The aluminium sheath shall be then connected to the
negative pole of a DC generator of about 100V output
voltage.

A zinc coating plate sufficiently large shall be used as
anode.

The output current shall bs maintained at a constant value
of 10mA by means of a variable resistor of about 10 kQ {one
resistor for each cable sample).

After {100 £ 2} h of test the cable sample shall be taken out
from the water, and the protactive covering removed, taking
care to clean bituminous and similar compounds from the
aluminium surface, The aluminium sheath shall be then
exarmined visually.

Test for bitumen coating of aluminium sheath

A layer of bitumen shall be deemed to be present whers, as a
minimum, there is a brown coloration of the sheath or, if the
sheath presents a bright appearance, the missing bitumen can be
shown to be adhering to the underside of the PVC sheath
removed for the purpose of the test.
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A 200mm length of cable shall be subjected to visual
examination. When the PYC oversheath is stripped off, it shall be
evident and agreed that the aluminium sheath was coverad with
bitumen before the removal of PVC. I it is evident that the
aluminium sheath was not covered with bitumen the sample is
deemed to have failed. I, as a result of this examination, there
is a disagreement as to the completeness of the bitumen coating,
the following pracedure shall apply.

A further sample of cable from the same factory length,
approximately 600mm long, shall be divided into two equal
pieces. Both pieces shall be immersed in boiling water for not
more than 1 minute. The samples shall then be removed from the
water and the oversheath cut longitudinally and peeled off. If
both pieces are completely covered with bitumen then the cable
is deemed to have passed the test. [f gither of these two pieces
is not completely covered then the length of the cable is deemed
to have failed.

2.3.2.4 Test for restriction of corrosion of aluminium sheath

After a sample of the cable has been subjected to the bending
aperations specified the PV C oversheath shall be punctured down
to the aluminium sheath in four places in the mid-portion of the
specimen, by, for example, a cork drill, to produce holes of 10mm
diameter. The four holes shall be spaced about 100mm apart
along the sample and sround the circumference at aboutr 90°
from each other. The aluminium surfaces exposed in the holes
shall be carefully cleaned of all adhering PVC and bitumen. The
sample shall then be bent into a U-shape with a radius not less
than that specified for the bending test and placed in a bath
containing 1% sodium sulphate solution at room temperature, o
that the four holes are covered by at least 500mm of solution,
whilst the cable ends are protruding. The aluminium sheath shall
be connected to the negative pole of a supply of about 100 V
d.c. The positive pole of the supply shall be connected to a metal
electrode immersed in the solution, The current shall be kept at
approximately 10 mA by means of a variable resistor of about
10 k22 included in the circuit. After eiectrification for
{100 = 2} hours the sample shall be taken out of the bath, the
PWC oversheath removed, and the aluminium sheath cleaned of
bitumen, No signs of corrosion extending for more than 10mm
bayond the boundaries of any of the initial holes at any point,
shall be visible on the aluminium sheath to the unaided eve.

2.3.3 Undersheath pressurs test

A 15m length of cahle shall have the ends sealed by encapsulation in resin,
the PYC sheath having been removed for a short distance at each end
sufficient to allow the resin to bond effectively 10 the aluminium sheath and
to allow room the for the connection of current loading leads to the
aluminium sheath.
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The leads for the purpose of sheath heating shall be plumbed to the
aluminium sheath at each end of the aluminium sample after the ends have
been sealed. A short length of metal pipe of small bore, suitable for the
connection of a pressure gauge, shall be plumbed to the aluminium sheath
at the crest of a corrugation at about middle of the length, after removal of
only as much PVC oversheath as necessary to permit the operation. When
the sample has cooled, a hole shall be drilled in the aluminium sheath by
way of the bore of the connected piece of pipe. The piece of pipe shall be
filled with hydraulic oil and a pressure gauge connected, the stem of the
pressure gauge being filled so far as possible with hydraulic oil. In all
plumbing to the sheath of the sealed cable, care should be taken to avoid
excessive or too rapid heating which could cause a dangerous local
prassure. The cable shall then be heated in a horizontal position by passing
current through the sheath so that the sheath temperature is raised to
60°C. The temperature shall be measured by a thermocouple inserted
under the PVC oversheath about half-way between the gauge and the end
of the sample. Ensuring the gauge reading is steady, the undersheath
pressure shall be not less than 20 kN/m? nor greater than 120 kN/m* after
maintenance of the sheath temperature for at |east 4 hours,

Water penetration test

This test shall be carried out on a 5m length of cable with open ends; this
cabla must be a length adjacent to the sample used in the undersheath
prassure test. A saw cut round the circumference shall be made in the
centre of the 5m length through the PVC and aluminium sheaths at the
crest of a corrugation.

The exposed belt shall be subjected to a 800mm head of water for 7 days
at ambient temperature.

At the end of this period, about 150mm of the outer insulating paper of the
belt, taken approximately 100mm in from each end, shall be immersed in
a compound bath at (130 + 5}°C, and no frothing shall be observed.

MNon-staining test

A small area in the centre of a test piece of PYC oversheath matenal,
approximately 50mm?, shall be cleaned and degreased using a clean rag
wetted with a suitable solvent.

After allowing sufficient time for the solvent to evaporate, three or four
drops of glacial acetic acid shall be applied to the test area by means of a
dropping bottle. The reaction shall be allowed to proceed for 15 minutes
with further additions of drops of acetic acid, as necessary, 1o prevent
drying of the test area.

At the end of the 15 minute period a further two drops of acetic acid shall
be added to the test area followed by three or four drops of a saturated
salution of sodium sulphide. {Since hydrogen sulphide will be released, this
part of the test should be carried out in a fume cupboard.)
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2.3.6

The wetted portion shall then be agitated with a glass rod and the test
piece allowed to stand for 1 minute. At the end of this period the reactants
shall be washed from the test area and the surface examined.

For the test ta be successful, the original colour of the PVC sheath shall be
identifiable with the unaided eye.

Corrugated aluminium sheath removal test

A 500mm length of PVC shall be removed from the end of a length of cable
and the exposed bitumen cleaned off. A circumferential cut shall then be
made through the aluminium sheath on the crest of a corrugation at
approximately 100mm from the end. The 100mm of aluminium sheath
shall then be drawn off the cable.

in the manner described above, three further sections of aluminium sheath,
approximately 150mm in length, shall be drawn off the cable, each being
rotated in the direction of lay of the papers.

For the cable to pass this test it shall be possible to remave the 150mm
lengths of aluminium sheath without excessive force being necessary and
without disturbing the semiconducting carbon papers.

n_the complete cable

lit Sampling

The bending test shall be carried out on a sample of completed
cable with opan ends, of sufficient length to give at least cne
complete turn round the test cylinder specified in table 2.4.1(A).
Alternatively, for SL cables, the test may be made on one of the
lead sheathed cores, treating the cores as a single core cable.

{ii} Pr dur

The sample shall be bent at room temperature between 159C and
25°C, around a test cylinder to make one complete turn. The
sample shall then be unwound and the process repeated in the
opposite direction. This cycle of operations shall be performed
three times. The sample shall be bent at a reasonably uniform
speed, each half cycle of the test taking between 0,5s and 1,0s per
millimetre diameter of the lead or lead alloy sheath, but in no case
shall the time be less than 10 s. -

The diameter of the test cylinder shall be as given in table 2.4.1(A).
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Table 2.4.1 {A) - Diameter of test cylinder
1 2 3

Cable Multicore Single-core

Cables of voltage rating up
ta and including
8 700/11 000V 12{D +d) 15({D+d)

Cables of voltage rating
8 700/15 000V up to and
including 12 700/22 000V 16{D +d} 18{D +d)

18 000/33 000V cables 181D +d) 21D +d)

NOTE: D is the diameter over the lead or lead alloy sheath or for
thres-core 5L cables the diameter over the laid up cores given in the
appropriate table and d is the diameter of a main conductor, or of the
equivalent circular stranded conductor, if the conductors are shaped,
but in no case should the diameter of the test cylinder be less than
250mm.

Following the bend test subject to the sample to a voltage test and examing
it.

{iii} Reguirements
The sample shall comply with the following requirements:

{a) The sample shall withstand a voltage test in accordance
with sub-clause 3.1.1, but with the routine test voltage
increased by 50%.

{b} After the voltage test, a 300mm length cut from the middle
of the sample shall be stripped and examined. The serving
or oversheath shall be free from splits, the armour shall not
be noticeably displaced and the lead or lead alloy sheath
shall be free from splits and cracks.

o) The number of papers in the 300mm length that contain
longitudinal or edge 1ears exceeding in length Gmm or 50%
of the paper width, whichever is the smaller, shall not
exceed the amount given in table 2.4.1(E).

At no point throughout the insulation of cables having voltage
ratings of 6 350/11 000V and above shall there be more than three
coincidental tears of any length in adjacent papers.
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Table 2.4.1(B) - Papers containing tears

1 2 3

Bel f Core papers of single-core
Cable Iti E p; plersd - bl cables and each core of
PRLINERS IR Lot multicore cables
% %

1 900/3 300V, and Mo limit 50
3 300/3 BOOV,
3 BOO/6 60OV, and 50 ) 25
6 600/6 60OV,
6 350/11 000V 20 10
and 8§ 700/11 000V
8 70015 000V - 10
12 700722 Q00V - b
and 19 000/33 000V

For the purpose of this clause conductor screening papers shall be
considered together with the insulating papers. Belt screening papers shall
not contain any tear which extends across their complete width,

The conductor shall be examined visually, Impregnating compound shall be
seen to have penetrated through the interstices of stranded conductors.

2.4.2 Method 2

(i} Cable sample

A cable sample having a length not lawer than 3.50, (D, being the
test cylinder diameter) shall be prepared, leaving the sample ends
unsealed.

The sample shall be conditioned at a temperature between 10 °C
and 15°C, but, for particular laying conditions, a different
temperature can be agreed between manufacturer and purchaser.

{ii) Test Method

The sample of complate cable shall be bhent around a test cylinder
for one complete turn, at a reasonably uniform speed, for a total
time of about 2 or 3 min. Care shall be taken to leave the sample
ends straight.
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The diameter of the test cylinder D, shall not be higher than:

- Single core cables and multicore cables

with non radial electric field D, = 20{D+d)
- Multicore cables with radial electric field

{except for the cables with 3 metallic sheaths} D, = 20 (D+d}
- Cables with 3 metallic sheaths D, = 15 {D+d}

For cables with smooth {non corrugated) aluminium sheath, the test
cylinder diameter shall be the higher between D, as above
calculated and D, = 30 D.

in the formula D is the external diameter of the metallic sheath, or
the diameter of the circle circumscribed to the assembled metallic
sheathed cores in the case on 3 sheath cables, and in the case of
corrugated sheath it is measured over the undulations;

d is the conductar diameter, or the diameter of the biggest cable
conductor, if they are different; when it is not possible to measure
it, it shall be calculated as d=1.3v'A; A (mm?) being the conductor
Cross saction.

After bending, the sample shall be unwound, straightened and the
process repeated, except that the sarmple shall be bent in the
reverse direction, but always in the same axial plane.

The cycle of double operations shall be carried out three times.

2.4.3 Method 3

i}

Cable sample

A cable sarmple with a length of at ieast 3 times the circumference
of the test cylinder shall be prepared.

The sample shall be conditioned. at a temperature between 10°C
and 15°C.

Test Method

The sarmple shall be bent around the test cylinder for three complete
turns. The sample shall then be unwound and the process
repeated, except that the bending of the sample shall be in the
reverse direction.

This cycle of operations shall be carried out three times,
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The diameter of the test cylinder shall be:

- Single core armoured cables ;
- Single core unarmoured cables :

- Three core armoured cables
- Three core unarmoured cables :

Where D = outer diameter of the cable.

20xD
25 xD

12xD
i5xD
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ELECTRICAL TESTS

3.1

BS 7894:2003

Insulatiogn v st
3.1.1 Noltage test o mpl le
{i} Reguirement

i)

fiii}

When tested as described in either method A {3.1.1{ii}} or method
B {3.1.1{iii)} there shall be no breakdown of insulation.

NOTE: Cables will be testad in accordance with method A unless
the manufacturer requests permission 1o carry out the test in
accordance with method B.

Method A

Make the test with a power-frequency voltage using sither three-
phase or single-phase or 2 comhination of both at the discretion of
the manufacturer. When using three-phase on a belted cable,
connect the neutral point of the transformer to the lead or lead alloy
sheath, thus applying a voltage between the conductor and the
lead or lead alloy sheath equal to the value in column 2 of table
3.1.1 divided by ¥'3_ This is equivalent to the value in column 3
axcapt for cables rated 3 300/3 300V, 6 B00/6 600V and
8 700/11 000 V for which an additional test is required. Make this
additional test by applying a single-phase voltage between the
conductors connected together and the lead or lead alloy sheath.

In all cases the test voltage shall be increased gradually to the
appraopriate values specified in table 3.1.1 and maintained constant
for b min.

Method B

Carry out the test as described in Method A except that the valtage
test shall be made with direct current, the applied voltage being
equal to 2,4 times the appropriate alternating test voltage and the
duration of each application being Smin.
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3.2

Tabie 3.1.1 - Tast valtage on complatad cebla st works

1 2 3 . 4
Alternating tast voltage {r.m s}
Single-cora and
Veltage St ailors screenad cables
designation
Bat Betwean any conductar Batween any conductor
nd""“” and laad or lead alloy and laad ar lead slloy
bansmone sheath sheath
v v v '
130043 300 10 000 B BOD B 000
3 30043 300 10 000 10 000 4
3 300/& 800 17 000 3 8OO 10 000
B BOO/E 600 17 000 17 000 -
6 350/11 000 25 000 14 000 15 000
8 70011 00O 25 OO0 22 000 -
8 70015 Q0O - . 22 000
12 700/22 000 30 000
19 000/33 000 45 000

Powver factor, tan 4

3.2.1 Method 1

(i)

(i)

Requirement

When cables rated at 19 000/33 000V are tested as described
below the value of tan & determined by the test at 0,5 U, shall not
exceed the appropriate value specified in column 1 of table 3.2.1.
The difference in tan & between 0,5 U, and 1,25 U;, and between
1,25 U, and 2,0 U, shall not exceed the appropriate value specified
respectively in columns 2 and 2 of table 3.2.1

The tan & of the insulation shall be measured at ambient
temperature and the test shall be made before the voltage test
described in 3.1.1.

Method

The sequence of testing shall be at 0,5 U, 1,25 Uy and 2,0 U i.e.
9.5kV, 24kV and 3BkY. Apply the test voltage between esach
conductor and the lead or lead alloy sheath, the other conductors
connected to the lead or lead alloy sheath when three-core cable is
tests. Make the measurements with a dissipation factor bridge,
using a loss free capacitor as standard. Caorrect any measurements
made at temperatures below 20°C either by subtracting from the
measured value 2% of this value per degree Celsius of the
difference between the test temperature and 20°C, or by the use
of a correction curve appropriate to the insulant if agresment on
such a curve has been reached between the purchaser and the
manufacturer. Make no correction for a test temperature of 20°C
or greater,



Licensed Copy: London South Bank University, London South Bank University, Fri Dec 08 12:06:42 GMT+00:00 2006, Uncontrolled Copy, (c) BS1

BS 7894:2003

Tahle 3.2.1 - Powsr factor , tan &, of 19 000/33 000 V cables
1 2 3

Maximum tan & at Maximum difference in tan § between

0,5 times U, at 20°C | g 5 ang 1,25 times U, | 1,25 and 2,0 times U,
30 x 10* 20 x 10* 40 x10*

3.2.2 Method 2

The measurement of dielectric power factor is made on all cores of the
complete cable.

The accuracy of the measuring device at 50Hz must be at least + (1% of
measured value + 0.1x107).

The test voltages are applied between the conductor and the metallic
sheath or the screen.

The measured values shall be in accordance with the requirements given in
the particular sections.

3.2.3 Method 3 - Tan n les for r vl = 4.8kV

Measurement of tan & shall be made with a dissipation factor bridge. In
case of single core cables the test voltage is applied between the conductor
and lead sheath; in case of three core cables bstween one of the
conductors and the lead sheath, the other conductors connected to the lead
sheath.

Determination of tan 4

Make the measurement in 8 voltage steps of 0,25 U, in the range from 0,5
up to 2,5 U,.

The requirements for the maximum ingrease of tan § and the maximum
value of tan & at U, are given in the particular specificatian.

Determination of tan 4 at elevated temperature and after cooling

Heat the complete cable length by passing an alternating current through
the conductori{s), until the ¢onductor reaches a temperature between 4Q
and 45°C (controlled by measuremeant of the conductor resistancel.

The cahle length is held at this temperature for 0.5 h before tan 4 is
meaasured.

Make the measurement in 8 voltage steps of 0,25 U, in the range from 0,5
up to 2,5 U,.

The requirements for the maximum increase of tan 4 and the maximum
value of tan & at U, are given in the particular specification,

al
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Then the cable on the drum is cooled rapidly in a water bath or under a
shower till a temperature of at least 25K lower than the temperature during
heating is reached.

Tha time between the measurement of tan & at elevated temperature and
after cooling shall be at least 12 h.

Make the measuremant in 8 voltage steps of 0,25 U, in the range from 0,5
upto 2,6 U,

The requirements for the maximum increase of tan 4 and the maximum
value of tan & at U, are given in the particular section.

3.3 heath voltage test

3.39

D.C. voltage test on oversheath

NOTE: This is an optional routine test requirement, and needs to be
specified by the purchaser in the enguiry or order.

(i) Requirament

The oversheath shall not break down on the application of a test
voltage as described below.

{ii) Method
The d.c. test voltage shall be applied between the underlying metal
layer at negative polarity and the outer canducting layer for a period

of 1 min.

The voltage applied shall be equal to 8kV per millimetrs of specified
thickness of oversheath subject to a maximum of 25kV.

3.4 Impulse voltage test

3.4

Method 1

3.4.1.1 Thicknesses
As a preliminary to the type testing procedurs the insulation
thickness of the cable submitted for test shall be checked by the
relevant method in 2.1.1.1, to confirm that it is in accordance
with the specified thickness within a tolerance of + 0,4mm,
3.4.1.2 Test installation

Only a test installation that has satisfactorily completed the load
cycle test shall be submitted to this test.

Mo arcing horns shall be fitted to the sealing ends.
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Principle

A loading current is applied to the test assembly until, for
constant current, the cable sheath temperatures have been steady
{i.e. variations not greater than 2°C, after due allowance has
been made for ambient temperature variations), far 2 h with the
maximum conductor temperature not less than 65°C and not
greater than 70°C. With this loading current maintained, the test
core of the test assembly is submitted to 10 successive negative
followed by 10 successive positive impulses at 194kV (peak) and
of waveshape as follows:

Front time {T,) between 0.5 s & 5,0 ps
Tail time of half value Tylge = (B0 = 20) ps
Detailed test method

{i)  General

The test installation shall be connected to the impulse
generator and its associated vcltage divider system. The
circuit values of the system shall be adjusted to produce
impulse voltage wave-shapes complying with 3.4.1.3
Oscillograms on suitable -time sweeps shall be made to
record both the wave front and wave tail duration of the
WEVE.

The circuit valuss of the impulse generator shall not be
altered for the remainder of the test period. In the case of
three-core power cable systems, all three-cores shall be
tested in sequance at each voltage level. A loading current
shall be applied to the test assembly to raise the maximum
conductor temperature 1o its required value. This current
shall be maintained constant wuntil the cable sheath
temperatures have been steady (i.e. variations not greater
than 2°C after due allowance has been made for ambient
temperature variations) for at least 2 h. During the period
when the temperature of the cable is maintained at a
constant value, before commencement of the withstand test,
the impulse generator system shall be calibrated with the
test installation connected, using either a sphere gap (see
3.4.1.4{ii})) or an impulse voltage divider system of known
ratio {see 3.4.1.4{iii)).

NOTE: The choice of method is at the option of the
manufacturer.

(ii) Calibration using a sphere gap

For every given setting of the sphere gap, the charging
voltage of the generator shali be adjusted so as to give b0%
sparkover of the gap, and an oscillogram of the impulse
voltage shall then be taken.
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{iid)

fiv)

This procedure shall be carried out for at least three different
settings of the sphere gap using negative impulses. The gap
settings shall be selected so that their 50% sparkaver
voltages ars approximately 50%, 70% and 90% of the
specified test level,

A curve shall be drawn showing the charging voltages as a
function of the sphere gap sparkover voltage. This curve
shall then be extrapolated to establish the necessary
charging voltage to cbtain the specified test level,

The ratio of the voltage divider shall be determined from
consideration of the oscillograms and the calibration curve
determined as described above.

Calibration ysing 3 impulse voltage divider system of know
ratio

A series of measurements shall be made using a calibrated
impulse vohiage divider with either a cathode ray oscillograph
ar an impulse crest voltmeter, to establish the relationship
between generator charging voltage and the generator
output voltage. These measurements shall be made using
negativa polarity impulses at output wvoltage levels
corresponding to approximately 50%, 70% and 30% of the
specified withstand level.

A curve shall be drawn showing the charging voltage as a
function of output voltage. This curve shall then be
extrapolated to establish the necessary charging voltage to
obtain the specified test level. If so required the impulse
voltage divider system may be calibrated in the presence of
an independent witness.

Application of impulse withstand voltape specifie

With the cable maintained at the required temperature and
the sphere gap setting increased, the samples shall be
subjected to a series of 10 negative impulses at the
withstand voltage specified.

The time interval between successive impulses shall be the
minimum possible, but should be adeguate to ensure that the
impulse generator is charged at the correct voltage.

Immediately after the applications of the first 10 negative
impulses, the generator shall be racalibrated for positive
polarity using the conditions described in 3.4.1.4() and the
methods in tests described in 3.4, 1.41ii} and 3.4.1.4{iii} and
a series of 10 positive impulses of the same voltage to the
cable appliad. The time interval between successive
impulses shall be the minimum possible, but should be
adequate to ensure that the impulse generator is charged at
the correct vaoltage.
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(v} illograms an in

Oscillograms of at least the first and the tenth impulses of
gach sequence of 10 impulses shall be taken, each including
base and veoltage calibration lines and a timing oscillation.

Readings shall be taken at least once an hour, of cable
sheath and ambient temperature, throughout the test period.

3.4.2 Method 2 {Hot impulse test)

(il

(i}

General

The waveform in accordance with HD 48, shall have a front
duration between 1 and 5 us, and a duration to half the peak value
of {50 =+ 10} ys. Before each tast the test device shall be suitably
calibrated.

Each cable sample shall be at least dm long, not including the
terminations, and it must undergo the bending test in 2.4.2,. The
cable sample, suitably terminated, shall be slowly heated by current
circulation in the conductors, up to a maximum temperature
between the working temperature and a temperature 5°C higher
and maintained for 2 hours.

Test method

After this period, the sample shall undergo to 10 negative pulses
and then 10 positive ones, whose peak value is given in the table.
For radial electric field cables the test voltage shall be applied
betwean onse conductor anly and the relevant screen, for non radial
electric field cables between one conductor only and the other
connected to the metallic sheath.

An aoscillogram of the first and last wave of each polarity, to the
prescribed peak value, shall be registered.

Uo (kV) <] 8,7 12 15 18 25

Up {kVp) peak 75 a5 125 150 170 250
value

To check the withstanding of the impulse test, the sample shall
undergo, after cooling to room temperature, an A.C. voltage test for
15 minup to 2,5 U, + 2.5 {kV) for radial electric field cables, and
up to 1,25{U, + U] + 2,51kV) for non-radial electric field cables.

n
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3.5

3.6

ial vol

e fest

3.5.1 4 U, teston J-core 185mm? conductor

As a preliminary to the type testing procedure the insulation thickness of
the cable submitted for test shall be checked by the relevant method in
2.1.1.1 , to cenfirm that it is in accordance with the specified thickness
within a tolerance of + 0,4mm.

{al

{b

(e}

At the commencement of the test the cable sample shall be at least
15m in length excluding terminations. A termination shall be
deemed to include 200mm of cable below any seal on the lead
sheath and should be designed to accommodate the selected
valtage for at least 100 hours. Should a termination fail, the end
may be reterminated, the test continued and the test time
accumulated provided the cable sample is never less than 10m in
length excluding the termination. All termination failures shall be
recorded.

The power factar shall first be measured in accordance with sub-
clause 3.2.1 and then an a.c. voltage of 4 U, (76kV] shall be
applied either simultaneously or consecutively to each phase of the
cable at ambient temperature,

The test shall continue until each core has withstood 100 hours
without failure {excluding terminations failure].

Dielectric security test

3.6.1 The diglectric security tests are applicable for cables having a rated voltage
U, of 3,5 kV and above.

3.6.2 Sample of cable length: not less than 3m

3.6.3 A.C. voltage test

voltage: I3
duration: 4h
test result: no breakdown.
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Loading cycle test

4.1.1 Preliminary procedura
As a preliminary to the type testing procedure the insulation thickness of
the cable submitted faor test shall be checked by the relevant mathod in
2.1.1.1, to confirm that it is in accordance with the specified thickness
within a tolerance of +0,4mm.

4.1.2 Loading cvcle test

(i

(i

Test i latio

The installation shall include at least 30m of cable and, if any
accessories are included, there shall be at ieast 4m of cable
between adjacent accessories.

All cables used in the test installation shall have been bent in
accordance with the procedure described in sub clause 2.4.1. The
installation shall contain a vertical rise to the gland wipe of the
terminations to give a head of not less than 2m; it shall be situated
indoors in reasonably still air, and away from direct sunlight. The
cable instaliation shall include a vertical loop at least 6m in height,

Proceduyre

The test installation shall undergo at least 100 cycles at 25,4kV
11,33 times normal working voltagel with not more than five
loading cycles in any 7 successive days.

Each cycle shall consist of § h with conductor current loading
followed by 18 h without current loading.

During the last 3h of each current loading period maintain the
maximum conductor temperature at not less than 70°C nor more
than 75°C.

The test voltage shall be at normal power frequency and shall have
an r.m.s value of 25,4 kV, continuously betwsen the conductor(s)
and the sheath. Measure one cold and ane hot tan 4 value at this
voltage on each of the three cares in turn.

NOTE: If the available conductor loading current supplies are
inadequate to produce the above temperature it is permissible to
apply a uniform thickness of thermal insulation throughout the
length of the test assembly, excluding the sealing ends.

The tast shall be carried out for a maximum of 250 heat cycles, but
if the tan & is shown to be stable after 100 heat cycles the test
may be discontinued,

=1
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4.2

A ler.

4.2.1

4.2.2

in
Cable sample preparation

The test shall be carried out on a 3-core cable sample 25m long, not
inciuding the terminations.

The sample shall undergo the bending test accarding to 2.4.2 but applying
1 bending cycle only instead of 3.

The sample shall then be laid in free air in vertical position, with a relief of
at least 20m, and terminated with suitable "stop™ terminations, under
agreement between cable manufacturer and customer.

Test method

The sample shall undergo to 180 thermal cycles, with an A.C. voltage
permanently applied between conducters and grounded sheaths of 1,6 U,

+ 3%.

During the heating period the conductors, heated by current circulation,
shall get a temperature of 80°C to 85°C, and this temperature shall be
maintained for at least 4h. The heating plus the temperature regimen
period shall last about 8h.

The cogling period, under voltage but without current, shall last about 16h.

in case of power breakdowns during the test, the test time shall be suitably
prolonged for an equivalent period.

The total amount of power breakdown time shall not be higher than 240h;
when higher, the test shall be repeated on a new cable sample.

Mo insulation breakdowns shall ecour during the test.

At the end of the cycle, from the upper part of each core samples of cakle
4m long, not including the terminations, shall be eut immediately under the
termination used for the test,

All the samples shall undergo the "A.C breakdown voltage test" applying
a step rise of b kV/24 h for each step, starting for a voltage of 50kVY (for
1220 kV cable).
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SECTION J-3

THREE-CORE CABLES WITH ALUMINIUM SHEATH

NOTE: Section J of Part 4 is divided into:

Section J-1;:  Three core cables with lead sheath {19/33kV}

Section J-2:  Three core cables with lead sheath, up to and including 12.7/22kV
Section J-3:  Three core cables with alurminium sheath.

CONTENTS

1. General
2. Design requiremants
1. Conductor
2. Conductor Screen
3. Insulation
4. Core screen
5. Core identification
6. Laying up of cores
7. Balt insulation
8. Insulation screen
9. ldentification of manufacturer
10, Metallic sheath
11, Compound and oversheath
12, Marking
13. Sealing and drumming
3. Test requirements
1. Routina tests
2. Sample tests
3. Type tests
4, Guide 10 use

(Under consideration)
5. Current ratings
{Under consideration)

G. Appendices
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REFERENCES

Section J-3 of Part 4 of HD 621 incorporates by dated or undated reference, provisions from other
publications. These references are cited at the appropriate places in the text and the publications are listad
hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply
to Section J-3 of Part 4 of HD 621 only when incorporated in it by amendment or revision. For undated
references the latest edition of the publication referred to applies.

HD 383 Conductars of insulated cables (Endorsing |IEC 228 and 228A)
HD 605 Electric cables : Additional test methods
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General

This section specifies the construction, dimensions and test requirements of 3 core paper insulated
power cables with aluminium sheath, (Operating voltage 6.35/11(12]kV].

la)  Insulating material
Paper

(b} Bated voltage Uo/U (V)
£,350/11,000 {12,000)V

{c) Highest rated conductor temperature for the insulating compound

i} Continuous operation: 70°C |screened cables)
65°C (belted cable}

i} Short circuit: 1680°C

{d} Sheathing material

Corrugated aluminium,

{e) Type approval

Tvpe approval for the whols range of cables in Part 4, Section J-3, or part of the range, is
obtained by following the procedure given in Appendix D of this section.

Gl



