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Preface

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee 
EL-003, Electric Wires and Cables, to supersede AS/NZS  60840—2006, Power cables with extruded 
insulation and their accessories for rated voltages above 30 kV (Um = 36 kV) up to 150 kV (Um = 170 kV) — 
Test methods and requirements.

The objective of this document is to specify test methods and requirements for power cable systems, 
cables alone and accessories alone, for fixed installations and for rated voltages above 30 kV (Um = 36 
kV) up to and including 150 kV (Um = 170 kV).

The requirements apply to single-core cables and to individually screened three-core cables and to 
their accessories for usual conditions of installation and operation, but not to special cables and their 
accessories, such as submarine cables and their accessories, for which modifications to the standard 
tests or the setup of special test conditions can be necessary.

This document does not cover transition joints between cables with extruded insulation and paper 
insulated cables.

This document is identical with, and has been reproduced from, IEC  60840:2020, Power cables with 
extruded insulation and their accessories for rated voltages above 30 kV (Um = 36 kV) up to 150 kV (Um = 170 
kV) — Test methods and requirements.

As this document has been reproduced from an International Standard, a full point substitutes for a 
comma when referring to a decimal marker.

Australian or Australian/New Zealand Standards that are identical adoptions of international 
normative references may be used interchangeably. Refer to the online catalogue for information on 
specific Standards.

The terms “normative” and “informative” are used in Standards to define the application of the 
appendices or annexes to which they apply. A “normative” appendix or annex is an integral part of a 
Standard, whereas an “informative” appendix or annex is only for information and guidance.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
POWER CABLES WITH EXTRUDED INSULATION  

AND THEIR ACCESSORIES FOR RATED VOLTAGES  
ABOVE 30 kV (Um = 36 kV) UP TO 150 kV (Um = 170 kV) –  

TEST METHODS AND REQUIREMENTS  
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees. 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications. 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 60840 has been prepared by IEC technical committee 20: Electric 
cables. 

This fifth edition cancels and replaces the fourth edition, published in 2011. This edition 
constitutes a technical revision. 

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

• Gas immersed cable terminations for use at rated voltages above 52 kV are required to be 
designed, type and routine tested in accordance with IEC 62271-209 in addition to the 
routine and type tests specified in this document. 

• Requirements are introduced for composite outdoor termination insulators. 

• The test cylinder diameters specified for the bending test (type and prequalification tests) 
have been modified in line with IEC TR 61901:2016. 

• A low smoke halogen free oversheath material, designated ST12 is introduced. 
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• Additional tests under fire conditions are introduced: vertical flame spread, smoke density, 
acidity and conductivity, which shall be applied according to the fire performance declared 
for the cable. 

• A test for water penetration in the conductor is added. 

• In addition to tests on the outer protection of joints, type tests on the screen sectionalizing 
insulation of all accessories have been introduced. 

NOTE For a more detailed history of events leading up to this fifth edition, see the Introduction. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

20/1909/FDIS 20/1910/RVD 

 
Full information on the voting for the approval of this International Standard can be found in the 
report on voting indicated in the above table. 

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

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

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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INTRODUCTION 

The first edition of IEC 60840, published in 1988, dealt only with cables. Accessories were 
added to the second edition, published in February 1999, which separately covered test 
methods and test requirements for 

a) cables alone, 
b) cables together with accessories (a cable system). 

Some countries then suggested that a better discrimination be made between systems, cables 
and accessories, particularly for the lower voltages of the scope, for example 45 kV. This was 
taken into account in the third edition (2004) and has been retained subsequently, giving the 
type approval requirements and the range of approvals for: 

a) cable systems, 
b) cables alone, 
c) accessories alone. 

Manufacturers and users may choose the most appropriate option for type approval. 

The fourth edition (2011) introduced the prequalification test procedure, as a cable system 
inclusive of accessories, for cables with high electrical stresses at the conductor screen and/or 
insulation screen.  

Other significant changes in the fourth edition were: 

a) The clause numbering of this document and IEC 62067 was coordinated to achieve as much 
commonality as possible.  

b) In the case of the sample test, the lightning impulse voltage test is no longer followed by a 
power frequency voltage test. 

In this fifth edition the principle changes are as follows: 

a) New definitions have been added for three different cable screen designs following 
IEC TR 61901:2016. 

b) Gas immersed cable terminations for use at rated voltages above 52 kV are required to be 
designed, type and routine tested in accordance with IEC 62271-209 in addition to the 
routine and type tests specified in this document. 

c) Requirements are introduced for composite outdoor termination insulators. 
d) The test cylinder diameters specified for the bending test (type and prequalification tests) 

have been modified in line with IEC TR 61901:2016. 
e) A low smoke halogen free oversheath material, designated ST12 is introduced. 

f) Additional tests under fire conditions are introduced: vertical flame spread, smoke density, 
acidity and conductivity, which are applied according to the fire performance declared for 
the cable. 

g) A test for water penetration in the conductor is added. 
h) In addition to tests on the outer protection of joints, type tests on the screen sectionalizing 

insulation of all accessories have been introduced.  
i) A list of relevant CIGRE references is given in the bibliography. 
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POWER CABLES WITH EXTRUDED INSULATION  
AND THEIR ACCESSORIES FOR RATED VOLTAGES  

ABOVE 30 kV (Um = 36 kV) UP TO 150 kV (Um = 170 kV) –  
TEST METHODS AND REQUIREMENTS 

 
 
 

1 Scope 

This document specifies test methods and requirements for power cable systems, cables alone 
and accessories alone, for fixed installations and for rated voltages above 30 kV (Um = 36 kV) 
up to and including 150 kV (Um = 170 kV).  

The requirements apply to single-core cables and to individually screened three-core cables 
and to their accessories for usual conditions of installation and operation, but not to special 
cables, such as submarine cables and their accessories, for which modifications to the standard 
tests or the setup of special test conditions can be necessary. 

This document does not cover transition joints between cables with extruded insulation and 
paper insulated cables. 

2 Normative references  

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60060-1:2010, High-voltage test techniques – Part 1: General definitions and test 
requirements 

IEC 60228, Conductors of insulated cables 

IEC 60229:2007, Electric cables – Tests on extruded oversheaths with a special protective 
function  

IEC 60230, Impulse tests on cables and their accessories 

IEC 60287-1-1:2006, Electric cables – Calculation of the current rating – Part 1-1: Current rating 
equations (100 % load factor) and calculation of losses – General 

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

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

IEC 60754-2, Test on gases evolved during combustion of materials from cables – Part 2: 
Determination of acidity (by pH measurement) and conductivity  

IEC 60811-201, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 201: General tests – Measurement of insulation thickness  
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IEC 60811-202:2012, Electric and optical fibre cables – Test methods for non-metallic materials 
– Part 202: General tests – Measurement of thickness of non-metallic sheath  
IEC 60811-202:2012/AMD1:2017 

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

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

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

IEC 60811-409, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 409: Miscellaneous tests – Loss of mass test for thermoplastic insulations and sheaths 

IEC 60811-501:2012, Electric and optical fibre cables – Test methods for non-metallic materials 
– Part 501: Mechanical tests – Tests for determining the mechanical properties of insulation 
and sheathing compounds  
IEC 60811-501:2012/AMD1:2018 

IEC 60811-502:2012, Electric and optical fibre cables – Test methods for non-metallic materials 
– Part 502: Mechanical tests – Shrinkage test for insulations 

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

IEC 60811-505, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 505: Mechanical tests – Elongation at low temperature for insulations and sheaths  

IEC 60811-506, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 506: Mechanical tests – Impact test at low temperature for insulations and sheaths 

IEC 60811-507, Electric and optical fibre cables – Test methods for non-metallic materials – 
Part 507: Mechanical tests – Hot set test for cross-linked materials 

IEC 60811-508:2012, Electric and optical fibre cables – Test methods for non-metallic materials 
– Part 508: Mechanical tests – Pressure test at high temperature for insulations and sheaths 
IEC 60811-508:2012/AMD1:2017 

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

IEC 60811-605:2012, Electric and optical fibre cables – Test methods for non-metallic materials 
– Part 605: Physical tests – Measurement of carbon black and/or mineral filler in polyethylene 
compounds 

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

IEC 60885-3, Electrical test methods for electric cables – Part 3: Test methods for partial 
discharge measurements on lengths of extruded power cables 

IEC 61034-2, Measurement of smoke density of cables burning under defined conditions – 
Part 2: Test procedure and requirements 
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IEC 61462:2007, Composite hollow insulators – Pressurized and unpressurized insulators for 
use in electrical equipment with rated voltage greater than 1 000 V – Definitions, test methods, 
acceptance criteria and design recommendations  

IEC 62271-209, High-voltage switchgear and controlgear – Part 209: Cable connections for 
gas-insulated metal-enclosed switchgear for rated voltages above 52 kV. Fluid-filled and 
extruded insulation cables – Fluid-filled and dry-type cable-terminations 

ISO 48-2, Rubber, vulcanized or thermoplastic – Determination of hardness – Part 2: Hardness 
between 10 IRHD and 100 IRHD 

3 Terms and definitions 

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

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

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

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

3.1.1  
nominal value 
value by which a quantity is designated and which is often used in tables 

Note 1 to entry: Usually, in this document, nominal values give rise to values to be checked by measurements 
taking into account specified tolerances. 

3.1.2  
median value 
when several test results have been obtained and ordered in an increasing (or decreasing) 
succession, middle value if the number of available values is odd, and mean of the two middle 
values if the number is even 

3.2 Definitions concerning tests 

3.2.1  
routine test 
test made by the manufacturer on each manufactured component (length of cable or accessory) 
to check that the component meets the specified requirements 

3.2.2  
sample test 
test made by the manufacturer on samples of completed cable or components taken from a 
completed cable or accessory, at a specified frequency so as to verify that the finished product 
meets the specified requirements 

3.2.3  
type test 
test made before supplying on a general commercial basis a type of cable system or cable or 
accessory covered by IEC 60840, in order to demonstrate satisfactory performance 
characteristics to meet the intended application 

Note 1 to entry: Type tests are of such a nature that, after they have been made, they need not be repeated unless 
changes are made in the materials, design or type of manufacturing process of cable or accessory which might 
change the performance characteristics. 
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3.2.4  
prequalification test 
test made before supplying on a general commercial basis a type of cable system covered by 
IEC 60840, in order to demonstrate satisfactory long-term performance of the complete cable 
system  

3.2.5  
extension of prequalification test 
test made before supplying on a general commercial basis a type of cable system covered by 
IEC 60840, in order to demonstrate satisfactory long-term performance of the complete cable 
system, taking into account an already prequalified cable system 

3.2.6  
electrical test after installation 
test made to demonstrate the integrity of the cable system as installed 

Note 1 to entry: Integrated optical elements, if present, will be tested upon customer request. Tests to be defined 
on agreement between customer and manufacturer. 

3.3 Other definitions 

3.3.1  
cable system 
cable with installed accessories including components used for thermo-mechanical restraint of 
systems limited to those used for terminations and joints only 

3.3.2  
nominal electrical stress 
electrical stress calculated at U0 using nominal dimensions 

Note 1 to entry: The equations for calculation of the stresses are given in Clause 6 n). 

Note 2 to entry: Nominal electrical stress is expressed in kV/mm. 

3.3.3  
combined design 
CD 
metal screen design that combines radial watertightness and electrical properties 

Note 1 to entry: Details of the construction are given in 4.3. 

3.3.4  
separate design 
SD 
metal screen design that uses different metal components for radial watertightness and 
electrical properties 

Note 1 to entry: Details of the construction are given in 4.3. 

3.3.5  
separate semi-conductive design 
SscD  
metal screen design that has separated electrical and radial watertightness properties and uses 
semi-conductive plastic-coated foil 

Note 1 to entry: Details of the construction are given in 4.3. 

3.3.6  
conductor cross section 
nominal conductor cross section in accordance with IEC 60228 
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3.3.7  
maximum mechanical load 
MML 
highest mechanical cantilever load which is expected to be applied to a composite outdoor 
termination insulator in service and for which it is designed 

3.3.8  
joint with screen or metal sheath interruption 
joint, where the metallic sheath, shield and insulation screen of the cable are electrically 
interrupted 

3.3.9  
cable accessory with screen or metallic sheath interruption 
cable accessory, where the metallic sheath, shield and insulation screen of the cable are 
electrically interrupted 

3.3.10  
termination with sectionalizing insulation 
termination, where the metallic sheath, shield and insulation are electrically interrupted to the 
ground 

4 Voltage designations, materials and rounding of numbers 

4.1 Rated voltages 

In this document, the symbols U0, U and Um are used to designate the rated voltages of cables 
and accessories where these symbols have the meanings given in IEC 60183. 

4.2 Cable insulating compounds 

This document applies to cables insulated with one of the compounds listed in Table 1, which 
also specifies, for each type of insulating compound, the maximum operating conductor 
temperatures on which the specified test conditions are based. 

It is recommended that cable cores with a crosslinked insulation system in accordance with this 
document should have been degassed. 

4.3 Cable metal screens/sheaths 

This document applies to the various designs in use. It covers designs providing a radial 
watertightness and designs that do not provide radial watertightness. 

In all cases the metal screen/sheath shall be able to meet the screen short circuit rating. 

Designs that provide radial watertightness mainly consist of: 

• seamless metal sheaths; 

• longitudinally applied metal tapes or foils bonded to the oversheath: 
– CD: a metal screen design using a metal tape or foil, with either a welded or glued 

overlap, that carries part or all of the screen short circuit current with, if necessary, metal 
wires to carry part of the short circuit current; 

– SD: a metal screen design using a laminated metal foil, coated on one or both sides for 
radial watertightness, and metal wires for carrying the full screen short circuit current; 
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– SscD: a metal screen design using a thin lead or Al foil coated with glue on the outer 
side and semi-conductive plastic on the underside, over a layer of semi-conductive tape, 
which is in turn over a layer of round copper wires. Typically, the aluminium foil and the 
semi-conductive plastic are each 0,05 mm thick;  

NOTE 1 Definitions of CD, SD, and SscD are given in 3.3.3, 3.3.4 and 3.3.5 

• composite screens, involving a layer of wires and either a metal sheath or a metal tape or 
foil bonded to the oversheath, acting as a radial water impermeable barrier (see Clause 5). 

NOTE 2 During development of the cable and cable system, with a longitudinally applied metal tape or foil 
bonded to the oversheath, the tests as specified in IEC TR 61901 are preferred. 

Designs which do not provide radial watertightness include: 

• metal tapes or foils not bonded to the oversheath, 

• a layer of metal wires only. 

4.4 Cable oversheathing compounds 

Tests are specified for five types of oversheath, as follows: 

– ST1 and ST2 based on polyvinyl chloride (PVC); 

– ST3 and ST7 based on polyethylene (PE); 

– ST12 based on low smoke halogen free material (LSHF). 

The choice of the type of oversheath depends on the design of the cable and the mechanical, 
thermal and fire performance required during installation and operation. 

The maximum conductor temperatures in normal operation for the different types of 
oversheathing compounds covered by this document are given in Table 2.  

If there is concern that the oversheath will be deteriorated by UV radiation, the oversheath shall 
be protected against UV radiation, which will be mutually agreed with the client. 
Black PE oversheaths containing the required amount of a suitable and well-dispersed grade of 
carbon black (see Table 5) are protected against UV radiation. 

NOTE 1 For installation in air, as for example in tunnels or buildings, it is preferable for the cable to have some fire 
performance and low smoke and zero halogen properties. For such applications, an ST12 (LSHF) oversheath can be 
applied. 

NOTE 2 For some applications the oversheath can be covered by a functional layer (e.g. semi-conductive). 

4.5 Rounding of numbers 

The procedure given in Annex B shall be applied to all numbers and values employed or derived 
during the use of this document. 

5 Precautions against water penetration in cables 

When cable systems are installed in the ground, in easily flooded galleries or in water, a radial 
water impermeable barrier is recommended. 

Longitudinal water barriers may also be applied in order to avoid the need to replace long 
sections of cable in case of damage in the presence of water. 

A test for longitudinal water penetration is given in 12.5.15. 

NOTE No test for radial water penetration is currently available. 
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6 Cable characteristics 

For the purpose of carrying out the cable system or cable tests described in this document and 
recording the results, the cable shall be identified. The following characteristics shall be 
declared by the manufacturer: 

a) Name of manufacturer, type, designation and manufacturing date (date of last production 
phase) or date code. 

b) Rated voltage: values shall be given for U0, U, Um (see 4.1 and 8.4). 

c) Fire performance: if ST1, ST2 or ST12 oversheath material is used, then the subclauses of 
12.5.14 to which compliance is claimed, apply. 

NOTE Fire performance is dependent on the cable design as well as the oversheath material. 

d) Type of conductor, its material and nominal cross-sectional area, in square mm; conductor 
construction; presence, if any, and nature of measures taken to reduce skin effect; presence, 
if any, and nature of measures taken to achieve longitudinal watertightness; if the nominal 
cross-sectional area is not in accordance with IEC 60228, the maximum DC conductor 
resistance, corrected to 1 km length and to 20 °C. 

e) Compound (as defined in Table 1) and nominal thickness of insulation (tn) (see 4.2). If the 
insulation is XLPE, special additives shall be declared if the higher value of tan δ according 
to Table 3 is applicable. 

f) Type of manufacturing process for insulation system. 
g) Presence, if any, and nature of watertightness measures in the screening area. 
h) Metal screen/sheath: 

– constructional details of metal screen, for example material and construction of metal 
screen, number and diameter of wires; material, construction and nominal thickness of 
metal sheath, or longitudinally applied metal tape or foil bonded to the oversheath, if any. 
For cables with longitudinal applied metal tape or foils bonded to the oversheath whether 
the type CD or SD or SscD;  

– maximum DC resistance of the metal screen. 
i) Compound (as defined in Table 2) and nominal thickness of oversheath, and if applicable, 

nature and material of semi-conductive covering. 
j) Nominal diameter of the conductor (d). 
k) Nominal overall diameter of the cable (D). 
l) Nominal inner diameter (dii) and calculated nominal outer diameter (Dio) of the insulation. 

m) Nominal capacitance, corrected to 1 km length, between conductor and metal screen/sheath. 
n) Calculated nominal electrical stress at conductor screen (Ei) and at insulation screen (Eo): 

 0
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where: 
Dio = dii + 2tn; 

Dio is the calculated nominal outer diameter of the insulation, in mm; 

dii is the declared nominal inner diameter of the insulation, in mm; 

tn is the declared nominal insulation thickness, in mm. 
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Standard values of U0 in kV are given in Table 4. 

If the calculated nominal electrical stress at the conductor screen is higher than 8,0 kV/mm 
and/or the calculated nominal electrical stress at the insulation screen is higher than 
4,0 kV/mm, then a prequalification test according to Clause 13 is required. 

o) The design of any integrated optical element(s), if applicable. 
p) Whether a prequalification test is required and/or detailed test report(s) for existing relevant 

PQ test(s) covering the cable system, if any. 

7 Accessories characteristics 

7.1 Gas immersed cable terminations 

Gas immersed cable terminations for use at rated voltages above 52 kV shall be designed in 
accordance with IEC 62271-209. 

7.2 Composite insulators for outdoor cable terminations 

Composite insulators for outdoor cable terminations shall have an MML complying with Table 10, 
Level I or II. Level I refers to a normal load and shall be generally applied, unless a purchaser 
specifies a heavy load of Level II. Alternatively, a different value of MML may be agreed between 
purchaser and supplier.  

7.3 Accessory characteristics to be declared 

For the purpose of carrying out the cable system or accessory tests described in this document 
and recording the results, the accessory shall be identified.  

The following characteristics shall be declared by the manufacturer: 

a) cables used for testing accessories shall be correctly identified as in Clause 6; 
b) a drawing shall be provided in which all relevant features tested under Annex H are shown, 

see Clause H.1; 
c) current carrying connections used within the accessories shall be correctly identified, for 

both the conductor and metal screen, with respect to: 

• assembly technique, 

• type, reference number and any other identification of the connector(s), 

• details of the type test approval of the connector(s), if applicable; 
d) accessories to be tested shall be correctly identified with respect to: 

• name of manufacturer, 

• type, designation and manufacturing date or date code, 

• rated voltage (see Clause 6 b) above), 

• material type of rubber mouldings forming the main insulation (e.g. silicone rubber or 
EPDM), 

• material type of dielectric fluid filling, if any, 

• type of outer protection, 

• whether the design includes sheath sectionalizing insulation,  

• installation instructions (reference and date); 
e) additional requirement for gas immersed terminations: 

• whether or not the termination insulator is suitable for supply to the switchgear 
manufacturer, in order to confirm compatibility and performance for the installation in the 
switchgear before delivery to site,  
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• if suitable, the measures which are required to allow the switchgear routine test to be 
carried out without the cable present; 

f) additional requirements for composite outdoor termination insulators: 

• the MML value for the composite insulator, see 7.2,  

• for insulators which will be pressurized in service, the maximum service pressure (MSP). 

8 Test conditions 

8.1 Ambient temperature 

Unless otherwise specified in the details for the particular test, tests shall be carried out at an 
ambient temperature of (20 ± 15) °C. 

8.2 High voltage tests 

Unless otherwise indicated in this document, high voltage tests shall be carried out in 
accordance with IEC 60060-1. All high voltage tests in this document are withstand voltage 
tests. 

No "atmospheric correction for dry tests" (IEC 60060-1:2010, 4.3) shall be applied to the test 
voltage values specified in this document. 

8.3 Waveform of lightning impulse test voltages 

In accordance with IEC 60230, the front time of the standard lightning impulse voltage shall be 
between 1 µs and 5 µs. The time to half value shall be 50 µs ± 10 µs as specified in 
IEC 60060-1. 

8.4 Relationship of test voltages to rated voltages 

Where test voltages are specified in this document as multiples of the rated voltage U0, the 
value of U0 for the determination of the test voltages shall be as specified in Table 4. 

For cables and accessories of rated voltages not shown in the table, the value of U0 for the 
determination of test voltages may be the same as for the nearest rated voltage which is given, 
provided that the value of Um for the cable and accessory is not higher than the corresponding 
value in the table. Otherwise, and particularly if the rated voltage is not close to one of the 
values in the table, the value of U0 on which the test voltages are based shall be the rated value, 
i.e. U divided by √3. The associated test voltages shall be established by calculation using the 
multipliers given in Table 4 or interpolation where no multiplier is given. 

The test voltages in this document are based on the assumption that the cables and accessories 
are used on systems of category A or B, as defined in IEC 60183. 

8.5 Determination of the cable conductor temperature 

It is recommended that one of the test methods described in Annex A is used to determine the 
actual conductor temperature. 

9 Routine tests on cables and accessories 

9.1 General 

The following tests shall be carried out on each manufactured length of cable: 

a) partial discharge test (see 9.2); 
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b) voltage test (see 9.3); 
c) electrical test on oversheath of the cable, if required (see 9.4). 

The order in which these tests are carried out is at the discretion of the manufacturer.  

The main insulation of each prefabricated accessory shall undergo partial discharge (see 9.2) 
and voltage routine tests (see 9.3) according to either 1), 2) or 3) below: 

1) on accessories installed on cable; 
2) by using a host accessory into which a component of an accessory is substituted for the 

test; 
3) by using a simulated accessory rig in which the electrical stress environment of a main 

insulation component is reproduced. 

In cases 2) and 3), the test voltage shall be selected so as to obtain electrical stresses at least 
the same as those on the component in a complete accessory when subjected to the test 
voltages specified in 9.2 and 9.3.  

The insulator of a gas immersed termination shall also be subjected to the routine tests given 
in IEC 62271-209. 

Composite outdoor termination insulators which will be subjected to internal gas pressure in 
service shall be subjected, at normal atmospheric pressure and normal ambient temperature, 
to a routine hydraulic or gas (e.g. air, SF6, helium) test pressure corresponding to 2,0 × MSP 
for at least 1 min. No failure shall occur. 

Routine tests do not apply to heat or cold shrink accessories or to accessories taped and/or 
moulded on-site. 

NOTE The main insulation of prefabricated accessories consists of the components that come in direct contact with 
the cable insulation or are necessary to control the electric stress distribution in the accessory. Examples are pre-
moulded or precast elastomer or filled epoxy resin insulating components that can be used singly or jointly to provide 
the necessary insulation or screening of accessories. 

9.2 Partial discharge test 

The partial discharge test shall be carried out in accordance with IEC 60885-3 for cables and 
the sensitivity as defined in IEC 60885-3 shall be 10 pC or better. Testing of accessories follows 
the same principles, but the sensitivity shall be 5 pC or better. 

The test voltage shall be raised gradually to, and held at, 1,75 U0 for 10 s and then slowly 
reduced to 1,5 U0 (see Table 4, column 5). 

There shall be no detectable discharge exceeding the declared sensitivity from the test object 
at 1,5 U0. 

9.3 Voltage test 

The voltage test shall be made at ambient temperature using an alternating test voltage at 
power frequency. 

The test voltage shall be raised gradually to 2,5 U0 (see Table 4, column 4) and then be held 
for 30 min between the conductor and metal screen/sheath. 

No breakdown of the insulation shall occur. 
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9.4 Electrical test on oversheath of the cable 

When the test is required by the particular contract, the cable oversheath shall be subjected to 
the electrical test specified in Clause 3 of IEC 60229:2007. 

10 Sample tests on cables 

10.1 General 

The following tests shall be carried out on samples which, for the tests in items b) and g), may 
be complete drum lengths of cable, taken to represent batches: 

a) conductor examination (see 10.4); 
b) measurement of electrical resistance of conductor and of metal screen (see 10.5); 
c) measurement of thickness of insulation and oversheath (see 10.6); 
d) measurement of thickness of metal sheath (see 10.7); 
e) measurement of diameters, if required (see 10.8); 
f) hot set test for XLPE, EPR and HEPR insulations (see 10.9); 
g) measurement of capacitance (see 10.10); 
h) measurement of density of HDPE insulation (see 10.11); 
i) lightning impulse voltage test for a cable with calculated nominal electrical stress at 

conductor screen > 8,0 kV/mm when calculated according to Clause 6, item n) (see 10.12); 
j) water penetration test, if applicable (see 10.13); 
k) tests on components of cables with a longitudinally applied metal tape or foil, bonded to the 

oversheath (see 10.14). 

10.2 Frequency of tests 

The sample tests in items a) to h) and k) of 10.1 shall be carried out on one length from each 
batch (manufacturing series) of the same type and cross-section of cable, but shall be limited 
to not more than 10 % of the number of lengths in any contract, rounded to the nearest whole 
number. 

The frequency of the tests in items i) and j) of 10.1 shall be in accordance with agreed quality 
control procedures. In the absence of such an agreement, one test shall be made for contracts 
with a cable length greater than 20 km. 

10.3 Repetition of tests 

If the sample from any length selected for the tests fails in any of the tests in 10.1, further 
samples shall be taken from two further lengths of the same batch and subjected to the same 
tests as those in which the original sample failed. If both additional samples pass the tests, the 
other cables in the batch from which they were taken shall be regarded as having complied with 
the requirements of this document. If either fails, this batch of cables shall be regarded as 
having failed to comply. 

10.4 Conductor examination 

Compliance with the requirements of IEC 60228 for conductor construction, or the declared 
construction, shall be checked by inspection and measurement when practicable. 
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10.5 Measurement of electrical resistance of conductor and metal screen 

The cable length, or a sample thereof, shall be placed in the test room, which shall be 
maintained at a reasonably constant temperature for at least 12 h before the test. If there is a 
doubt that the conductor or metal screen temperature is not the same as the room temperature, 
the resistance shall be measured after the cable has been in the test room for 24 h. Alternatively, 
the resistance can be measured on a sample of conductor or metal screen, conditioned for at 
least 1 h in a temperature-controlled liquid bath. 

The DC resistance of the conductor or metal screen shall be corrected to a temperature of 20 °C 
and 1 km length of cable in accordance with the formulae and factors given in IEC 60228. For 
screens other than copper or aluminium, temperature coefficients and correction formulae shall 
be taken respectively from Table 1 and 2.1.1 of IEC 60287-1-1:2006. 

The corrected DC resistance of the conductor at 20 °C shall not exceed the appropriate 
maximum value specified in IEC 60228 or, when a value for maximum DC conductor resistance 
is declared in Clause 6 d), then the corrected DC resistance of the conductor at 20 °C shall not 
exceed the declared value. 

The corrected DC resistance of the metal screen at 20 °C shall not exceed the declared value. 

10.6 Measurement of thickness of cable insulation and oversheath 

10.6.1 General 

The test method shall be in accordance with IEC 60811-201 for the insulation. For the 
oversheath the test method in accordance with IEC 60811-202:2012 and 
IEC 60811202:2012/AMD1:2017 shall be applied, except that for sheaths where the underlying 
surface is not irregular the measurement may be made with a micrometer having a ball nose 
radius of 2,5 mm to 3 mm. The accuracy of the micrometer shall be ±0,01 mm. 

Each cable length selected for the test shall be represented by a piece taken from one end after 
having discarded, if necessary, any portion that may have suffered damage. 

In 10.6 the following symbols are used: 

 tmax is the maximum measured thickness, in mm; 

 tmin is the minimum measured thickness, in mm; 

 tn is the nominal thickness, in mm. 

 

10.6.2 Requirements for the insulation 

The minimum measured thickness shall not be less than 90 % of the nominal thickness: 

 tmin ≥ 0,90 tn 

and additionally: max min

max

t t
t

−  ≤ 0,15  

tmax and tmin shall be measured at the same cross-section of the insulation. 

The thickness of the semi-conducting screens on the conductor and over the insulation shall 
not be included in the thickness of the insulation. 

AS/NZS IEC 60840:2020

© Standards Australia Limited/Standards New Zealand 2020

Full document details: AS NZS IEC 60840-2020

http://www.avadocuments.com/doc/as-nzs-iec-60840-2020
http://www.avadocuments.com/doc/as-nzs-iec-60840-2020


IEC 60840:2020 © IEC 2020 – 23 –  

10.6.3 Requirements for the cable oversheath 

The minimum measured thickness shall not be less than 85 % of the nominal thickness minus 
0,1 mm: 

 tmin ≥ 0,85 tn − 0,1 

In addition, for oversheaths applied onto a substantially smooth surface, the average of the 
measured values rounded to 0,1 mm shall be not less than the nominal thickness. 

The latter requirement does not apply to oversheaths applied onto an irregular surface, such 
as one formed by metal screens of wires and/or tapes or corrugated metal sheath. 

10.7 Measurement of thickness of metal sheath 

10.7.1 General 

The following tests apply if the cable has a metal sheath of lead, lead alloy, copper or aluminium. 
Foils which are applied for radial watertightness purposes only are excluded from these tests. 

In 10.7 the following symbols are used: 

 tmin is the minimum measured thickness, in mm; 

 tn is the nominal thickness, in mm. 

 

10.7.2 Lead or lead alloy sheath 

10.7.2.1 General 

The minimum measured thickness of the sheath shall not be less than 95 % of the nominal 
thickness minus 0,1 mm: 

 tmin ≥ 0,95 tn − 0,1 

The thickness of the sheath shall be measured by one of the following methods, at the discretion 
of the manufacturer. 

10.7.2.2 Strip method 

The measurement shall be made with a micrometer with plane faces of 4 mm to 8 mm diameter. 
The accuracy of the micrometer shall be ±0,01 mm. 

The measurement shall be made on a test piece of sheath about 50 mm in length removed from 
the completed cable. The piece shall be slit longitudinally and carefully flattened. After cleaning 
the test piece, a sufficient number of measurements shall be made along the circumference of 
the sheath and not less than 10 mm away from the edge of the flattened piece to ensure that 
the minimum thickness is measured. 

10.7.2.3 Ring method 

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