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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
GUIDANCE FOR THE SELECTION OF  

HIGH-VOLTAGE A.C. CABLE SYSTEMS 
 

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 60183 has been prepared by IEC technical committee 20: Electric 
cables. 

This third edition cancels and replaces the second edition, published in 1984, and its 
Amendment 1 (1990) and constitutes a technical revision.  

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

– the scope has been changed to a.c. high-voltage cables and cable systems;  
– guidance relates to cables with extruded insulation; 
– submarine cables are not covered but cables laid in water are covered; 
– operation of systems with special bonding of the screen is covered; 
– there is guidance on accessories; 
– environmental aspects are addressed.  
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The text of this standard is based on the following documents: 

FDIS Report on voting 

20/1530/FDIS 20/1558/RVD 

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

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

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

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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GUIDANCE FOR THE SELECTION OF  
HIGH-VOLTAGE A.C. CABLE SYSTEMS 

 
 
 

1 Scope 

This International Standard is intended to give guidance in the selection of a.c. high-voltage 
cables and cable systems with extruded insulation and mainly to be used on three-phase 
alternating systems operating at voltages exceeding U = 1 kV (in this standard the term ‘high 
voltage’ is used to cover any cable above 1 kV). Submarine cables are not included in the 
scope. 

Guidance is given in the selection of the conductor size, insulation level and constructional 
requirements of cable to be used. In addition, information necessary to enable the appropriate 
selection to be made is summarized. 

Paper insulated power cables are not considered in this standard for their selection into cable 
systems. However, when selecting cables with extruded insulation to be connected together 
with existing paper insulated cables, particular consideration for their proper compatibility, 
accessories and operational characteristics should be made. 

Environmental aspects are mentioned at the level at which they may influence the selection of 
high-voltage cables and their application. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60071-1:2006, Insulation co-ordination – Part 1: Definitions, principles and rules 
Amendment 1:2010 

IEC 60228, Conductors of insulated cables 

IEC 60287 (all parts), Electric cables – Calculation of the current rating 

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

IEC 60287-3-2, Electric cables – Calculation of the current rating – Part 3-2: Sections on 
operating conditions – Economic optimization of power cable size   

IEC 60502, Power cables with extruded insulation and their accessories for rated voltages 
from 1 kV (Um = 1,2 kV) up to 30 kV (Um = 36 kV) 

IEC 60840, 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 
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IEC 62067, Power cables with extruded insulation and their accessories for rated voltages 
above 150 kV (Um = 170 kV) up to 500 kV (Um = 550 kV) – Test methods and requirements 

IEC TS 60815-1, Selection and dimensioning of high-voltage insulators intended for use in 
polluted conditions – Part 1: Definitions, information and general principles 

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 14000, Environmental management 

3 Terms and definitions  

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

3.1 Voltages pertaining to the cable and its accessories  

NOTE Cables will henceforth be designated by U0/U (Um) to provide guidance on compatibility with switchgear 
and transformers. Table 1 gives this information.  

3.1.1  
rated voltage 
U0 
rated r.m.s. power-frequency voltage between each conductor and screen or sheath for which 
cables and accessories are designed 

3.1.2  
rated voltage between conductors 
U  
rated r.m.s. power-frequency voltage between any two conductors for which cables and 
accessories are designed  

Note 1 to entry: This quantity only affects the design of non-radial field cables and accessories.  

3.1.3  
highest system voltage 
Um 
maximum r.m.s. power-frequency voltage between any two conductors for which cables and 
accessories are designed 

Note 1 to entry: It is the highest voltage that can be sustained under normal operating conditions at any time and 
at any point in a system and excludes temporary voltage variations due to fault conditions and the sudden 
disconnection of large loads.  

3.1.4  
peak impulse voltage 
Up 
peak value of the lightning impulse withstand voltage (and switching, where applicable) 
between each conductor and screen or sheath for which cables and accessories are designed  

3.2 Voltages pertaining to the system on which cables and accessories are to be 
used 

3.2.1  
nominal voltage of system 
r.m.s. phase-to-phase voltage by which the system is designated and to which certain 
operating characteristics of the system are related 
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3.2.2  
highest voltage of three-phase system 
highest r.m.s. phase-to-phase voltage which occurs under normal operating conditions at any 
time and at any point in the system 

Note 1 to entry: It excludes voltage transients (such as those due to system switching) and temporary voltage 
variation due to abnormal system conditions (such as those due to fault conditions or sudden disconnection of 
large loads).  

3.2.3  
lightning overvoltage 
phase-to-earth or phase-to-phase overvoltage at a given location in a system due to a 
lightning discharge or other cause, the wave-shape of which can be regarded, for insulation 
co-ordination purposes, as similar to the standard impulse 

Note 1 to entry: See 3.18.3 of IEC 60071-1:2006 and IEC 60071-1:2006/AMD1:2010 used for lightning impulse 
withstand tests. 

Note 2 to entry: Such overvoltages are usually unidirectional and of very short duration.  

3.2.4  
switching overvoltage 
phase-to-earth or phase-to-phase overvoltage at a given location in a system due to a 
switching operation in a system, the wave-shape of which can be regarded, for insulation co-
ordination purpose, as similar to the standard impulse 

Note 1 to entry: See 3.18.2 of IEC 60071-1:2006 and IEC 60071-1:2006/AMD1:2010 used for switching impulse 
withstand tests. 

4 Service conditions  

4.1 General 

To determine the appropriate design of cable system for a particular project, the following 
information with regard to service conditions is required. Reference should be made to the 
relevant IEC publications which deal with many of the following service conditions.  

4.2 Operating conditions  

The following operation conditions apply: 

a) Nominal voltage of the system.  
b) Highest voltage of the three-phase system.  

c) Lightning overvoltage and switching overvoltage for higher (Um ≥300 kV) voltage systems 
(see Table 1). 

d) System frequency.  
e) Type of earthing and, where the neutral is not effectively earthed, the maximum permitted 

duration of earth fault conditions on any one occasion and the total duration per year.  
f) Screen bonding. 

For single-core cables, the current-carrying capability depends largely on the screen 
bonding technique. 

Special bonding (single point bonding or cross-bonding) is generally used where bulk 
transmission has to be achieved, since the amount of losses in metal screens is 
significantly reduced, compared to solid bonding (see 2.3 of IEC 60287-1-1:2006). 
However they require special equipments such as surge voltage limiters (to protect cable 
sheaths and accessories from transient overvoltages) or earth continuity conductor to be 
laid along the cable route. 

g) Where terminals are specified, the environmental conditions shall be given, for example:  
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– the altitude above sea level, if above 1 000 m;  
– indoor or outdoor installation;  
– whether excessive atmospheric pollution is expected; according to IEC TS 60815-1; 
– termination in SF6 switchgear; transformer or metal-clad system, with orientation; 

following IEC 62271-209;  
– design clearance and insulation used in the method for connecting cable to equipment, 

for example transformers, switchgear, motors, etc. For example, clearance and 
surrounding insulation should be specified.  

h) Maximum rated current:  
– for continuous operation; 
– for cyclic operation; 
– for emergency or overload operation, if any, without exceeding maximum allowed cable 

temperature. 
A load curve is essential if cyclic loading or emergency or overload operation is 
considered when determining conductor size.  

i) The expected symmetrical and asymmetrical short-circuit currents which may flow in case 
of short-circuits, both between phases and to earth.  

j) Maximum time for which short-circuit currents may flow. 
k) Possible operation with forced cooling.   

4.3 Installation data  

4.3.1 General 

The following details apply: 

a) Length and profile of route. 
b) Details of laying arrangements (e.g. flat or trefoil arrangement) and how the metallic 

coverings are connected to each other and to earth.  
c) Special laying conditions, for example cables in water. Individual installations require 

special consideration.  

4.3.2 Underground cables  

The following details apply: 

a) Typical ambient temperatures over the year (see IEC 60287-3-1). 
b) Details of installation conditions (e.g. direct burial, in ducts, mechanical laying, etc.) to 

enable decisions to be taken on composition of metallic screen or sheath, type of armour 
(if required) and type of serving, for example anti-corrosion or anti-termite.  

c) Depth of laying. 
d) Thermal resistivities and kinds of soil along the route (e.g. sand, clay, made-up ground, 

special backfill), and whether this information is based on measurement and inspection or 
only assumed. Meteorological data to evaluate risk of soil drying (see IEC 60287 series). 

e) Minimum, maximum and average ground temperature at the depth of burial.  
f) Proximity of other load-carrying cables (especially where the link involves several parallel 

circuits) or of other heat sources, with details.  
g) Lengths of troughs, ducts or pipe lines, with spacing of manholes, if any.  
h) Details of ductbanks, if any: number of ducts or pipes. Internal diameter of ducts and 

pipes. Spacing between individual ducts and pipes, if more than one. Material of ducts or 
pipes. 

i) Risk for water ingress and corrosion (the right cable design shall be chosen). 
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4.3.3 Cables in air  

The following details apply: 

a) Minimum, maximum and average ambient air temperature to be assumed.  
b) Type of installation (e.g. direct laying on walls, racks, on poles, boxes, possibly water 

filled, etc. grouping of cables, dimensions of the tunnels, ducts, vertical shafts etc.). 
c) Details of ventilation (for cables indoors, in tunnels or ducts). 
d) Whether exposed to direct sunlight or having sun shield. 
e) Special conditions, for example fire risk or flame spread, harmful gases and smoke. 

4.3.4 Cables in water 

The following details apply: 

a) Water depth and currents. 
b) Installation and laying technique. 
c) Risk for mechanical damage during service from fishing equipment, ice, abrasion etc.  

(need for armouring, fastening and trenching). 
d) How to fasten, protect and install the cable where it comes ashore (clamping, trenching, 

tubing, need for armouring etc.).  
e) Risk for water ingress and corrosion (the right cable design must be chosen). 

5 Cable insulation levels  

5.1 Introductory remark  

The rated voltage of the cable for a given application shall be suitable for the operating 
conditions in the system in which the cable is used. To facilitate the selection of the cable, 
systems are divided into three categories according to the duration of time the system can be 
operated under earth fault conditions. 

5.2 System categories  

The following details apply: 

– Category A 
This category comprises those systems in which any phase conductor that comes in 
contact with earth or an earth conductor is disconnected from the system within 1 min. 

– Category B 
This category comprises those systems, which, under fault conditions, are operated for a 
short time only with one phase earthed. This period should, in general, not exceed 1 h, but 
a longer period can be tolerated as specified in the relevant cable standard.  

– Category C 
This category comprises all systems which do not fall into category A or B.  

Reference should be made to the relevant cable standards choosing, for example, between 
those listed in Clause 2. 

In a system where an earth fault is not automatically and promptly isolated, the extra stresses 
on the insulation of cables during the earth fault reduce the life of the cables to a certain 
degree. If the system is expected to be operated fairly often with a permanent earth fault, it is 
advisable to classify the system in category C. 
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5.3 Selection of Um  

Um should be chosen not less than the highest voltage of the three-phase system as defined 
in 3.2.2  

5.4 Selection of Up  

The value of Up chosen should not be less than the lightning impulse withstand voltage (and 
switching, where applicable) selected from IEC 60071-1 in accordance with the line insulation 
levels, the system protective levels, the surge impedance of the overhead lines and the 
cables, the length of cables and the distance of the flashover point from terminal.  

6 Selection of the conductor size  

The conductor size should be chosen from one of the standard sizes given in the relevant 
standard for cable construction. Where a standard does not exist for the type of cable to be 
used, the conductor size should be selected from one of the standard sizes for class 2 
conductors given in IEC 60228.  

In the selection of conductor size, the following factors should be taken into account:  

a) The maximum allowed temperature in the cable under the normal operation (see 4.2 h) 
and short-circuit conditions.  

NOTE The IEC 60287 and IEC 60853 series give details of calculation procedures for different load 
conditions. 

b) Mechanical loads imposed on the cable during installation and in service.  
c) The electrical stress at the surface of the insulation (especially for accessories). A small 

diameter conductor arising from the use of a small cross-sectional area or a thin 
insulation may result in unacceptably high electric stress in the insulation. 

d) Economical optimization of the cable taking into consideration the initial investment costs 
and the future costs of energy losses during the life of the cable (see IEC 60287-3-2). 

e) For cables with very large conductor cross sections (S >1 600 mm2) used for bulk power 
transmission, the most appropriate conductor shall be selected by taking into 
consideration suitable values of skin and proximity effects. Furthermore, appropriate a.c. 
measurements should be performed to confirm calculated resistance values. 

7 Accessories  

7.1 General 

The design of accessories depends upon the values of the required power-frequency and 
impulse withstand voltages (which may be different from those required for the cable). 
Insulation levels for power frequency and impulse voltages will be chosen after consideration 
of the factors given in Clause 5 and 7.2.2.  

The accessories shall withstand all mechanical and electrodynamic forces that can occur 
during normal operation and short-circuit currents. Special attention shall be taken for 
connectors, clamping and systems to restrain thermo mechanical stresses. 

Accessories designed for Um above 1 kV and up to 36 kV shall be tested in accordance with 
the requirements in IEC 60502. 

Accessories designed for Um above 36 kV shall be tested in accordance with the 
requirements in IEC 60840 and IEC 62067 as appropriate for the voltage level of the cable 
system. 
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