
 

SVENSK STANDARD    SS-EN 60071-2 

 Fasts tä l ld  

1997-06-27 
Utgåva 

1 
S ida 

1 (1+127) 
Ansvar ig  kommit té  

SEK TK 28  

 

© Copyright SEK. Reproduction in any form without permission is prohibited. 

 

 

ICS 29.080.00 

Denna standard är fastställd av SEK Svensk Elstandard,  
som också kan lämna upplysningar om sakinnehållet i standarden. 
Postadress: SEK, Box 1284, 164 29 KISTA 
Telefon: 08 - 444 14 00. Telefax: 08 - 444 14 30 
E-post: sek@elstandard.se. Internet: www.elstandard.se 
 

 
 

 

Isolationskoordination –  
Del 2: Tillämpningsanvisningar 
Insulation co-ordination –  
Part 2: Application guide 
 

Som svensk standard gäller europastandarden EN 60071-2:1997. Den svenska standarden innehåller den 
officiella engelska språkversionen av EN 60071-2:1997. 

 

Nationellt förord 

Europastandarden EN 60071-2:1997*) 

består av: 

– europastandardens ikraftsättningsdokument, utarbetat inom CENELEC 
– IEC 60071-2, Third edition, 1996 -  Insulation co-ordination - Part 2: Application guide 
 
utarbetad inom International Electrotechnical Commission, IEC. 

 

 

 

 

 

 

 

 

 

 

     
*) EN 60071-2:1997 ikraftsattes 1997-06-27 som SS-EN 60071-2 genom offentliggörande, d v s utan 

utgivning av något svenskt dokument. 



Standarder underlättar utvecklingen och höjer elsäkerheten
Det finns många fördelar med att ha gemensamma tekniska regler för bl a 
säkerhet, prestanda, dokumentation, utförande och skötsel av elprodukter, 
elanläggningar och metoder. Genom att utforma sådana standarder blir 
säkerhetskraven tydliga och utvecklingskostnaderna rimliga samtidigt som 
marknadens acceptans för produkten eller tjänsten ökar.  

Många standarder inom elområdet beskriver tekniska lösningar och 
metoder som åstadkommer den elsäkerhet som föreskrivs av svenska 
myndigheter och av EU. 

SEK är Sveriges röst i standardiseringsarbetet inom elområdet
SEK Svensk Elstandard svarar för standardiseringen inom elområdet i 
Sverige och samordnar svensk medverkan i internationell och europeisk 
standardisering. SEK är en ideell organisation med frivilligt deltagande från 
svenska myndigheter, företag och organisationer som vill medverka till och 
påverka utformningen av tekniska regler inom elektrotekniken. 

SEK samordnar svenska intressenters medverkan i SEKs tekniska 
kommittéer och stödjer svenska experters medverkan i internationella  
och europeiska projekt. 

Stora delar av arbetet sker internationellt
Utformningen av standarder sker i allt väsentligt i internationellt och 
europeiskt samarbete. SEK är svensk nationalkommitté av International 
Electrotechnical Commission (IEC) och Comité Européen de Normalisation 
Electrotechnique (CENELEC).

Standardiseringsarbetet inom SEK är organiserat i referensgrupper 
bestående av ett antal tekniska kommittéer som speglar hur arbetet inom 
IEC och CENELEC är organiserat. 

Arbetet i de tekniska kommittéerna är öppet för alla svenska 
organisationer, företag, institutioner, myndigheter och statliga verk. Den 
årliga avgiften för deltagandet och intäkter från försäljning finansierar SEKs 
standardiseringsverksamhet och medlemsavgift till IEC och CENELEC.

Var med och påverka!
Den som deltar i SEKs tekniska kommittéarbete har möjlighet att 
påverka framtida standarder och får tidig tillgång till information och 
dokumentation om utvecklingen inom sitt teknikområde. Arbetet och 
kontakterna med kollegor, kunder och konkurrenter kan gynnsamt 
påverka enskilda företags affärsutveckling och bidrar till deltagarnas egen 
kompetensutveckling. 

Du som vill dra nytta av dessa möjligheter är välkommen att kontakta 
SEKs kansli för mer information.

SEK Svensk Elstandard
Box 1284

164 29 Kista
Tel 08-444 14 00

www.elstandard.se



SEK Svensk Elstandard



SEK Svensk Elstandard



SEK Svensk Elstandard



71-2  © IEC: 1996 – 3 –

CONTENTS

Page

Clause
1 General......................................................................................................................................... 11

1.1 Scope ............................................................................................................................. 11
1.2 Normative references ......................................................................................................... 11
1.3 List of symbols and definitions ................................................................................ 13

2 Representative voltage stresses in service ..................................................................... 21
2.1 Origin and classification of voltage stresses ............................................................ 21
2.2 Characteristics of overvoltage protective devices..................................................... 23
2.3 Representative voltages and overvoltages............................................................... 27

3 Co-ordination withstand voltage ..................................................................................... 57
3.1 Insulation strength characteristics ........................................................................... 57
3.2 Performance criterion.............................................................................................. 65
3.3 Insulation co-ordination procedures......................................................................... 67

4 Required withstand voltage ............................................................................................ 83
4.1 General remarks ..................................................................................................... 83
4.2 Atmospheric correction ........................................................................................... 83
4.3 Safety factors ......................................................................................................... 87

5 Standard withstand voltage and testing procedures ........................................................ 91
5.1 General remarks ..................................................................................................... 91
5.2 Test conversion factors ........................................................................................... 93
5.3 Determination of insulation withstand by type tests .................................................. 95

6 Special considerations for overhead lines....................................................................... 103
6.1 General remarks ..................................................................................................... 103
6.2 Insulation co-ordination for operating voltages and temporary overvoltages ............. 103
6.3 Insulation co-ordination for slow-front overvoltages ................................................. 105
6.4 Insulation co-ordination for lightning overvoltages.................................................... 105

7 Special considerations for substations ........................................................................... 107
7.1 General remarks ..................................................................................................... 107
7.2 Insulation co-ordination for overvoltages ................................................................. 111

Tables

1 Recommended creepage distances ............................................................................. 71

2 Test conversion factors for range I, to convert required switching impulses withstand 
voltages to short-duration power-frequency and lightning impulse withstand voltages ... 93

3 Test conversion factors for range II to convert required short-duration power-frequency
withstand voltages to switching impulse withstand voltages .......................................... 95

4 Selectivity of test procedures B and C of IEC 60-1 ....................................................... 99

A.1 Correlation between standard lightning impulse withstand voltages and minimum air
clearances .................................................................................................................. 119

A.2 Correlation between standard switching impulse withstand voltages and
minimum phase-to-earth air clearances ....................................................................... 121

A.3 Correlation between standard switching impulse withstand voltages and
minimum phase-to-phase air clearances ...................................................................... 121

C.1 Breakdown voltage versus cumulative flashover probability – Single insulation
and 100 parallel insulations ......................................................................................... 135

SEK Svensk Elstandard



71-2  © IEC: 1996 – 5 –

F.1 Corona damping constant Kco ...................................................................................... 175

F.2 Factor A for various overhead lines.............................................................................. 185

G.1 Typical gap factors K for switching impulse breakdown phase-to-earth ......................... 195

G.2 Gap factors for typical phase-to-phase geometries....................................................... 197

H.1 Summary of minimum required withstand voltages obtained for example H.1.1............. 213

H.2 Summary of required withstand voltages obtained for example H.1.2 ........................... 217

H.3 Values related to the insulation co-ordination procedure for example H.3 ..................... 249

Figures

1 Range of 2 % slow-front overvoltages at the receiving end due to line energization
and re-energization...................................................................................................... 39

2 Ratio between the 2 % values of slow-front overvoltages phase-to-phase and
phase-to-earth............................................................................................................. 41

3 Diagram for surge arrester connection to the protected object...................................... 55

4 Distributive discharge probability of self-restoring insulation described
on a linear scale .......................................................................................................... 73

5 Disruptive discharge probability of self-restoring insulation described
on a Gaussian scale .................................................................................................... 73

6 Evaluation of deterministic co-ordination factor Kcd ...................................................... 75

7 Evaluation of the risk of failure..................................................................................... 77

8 Risk of failure of external insulation for slow-front overvoltages as a function of
the statistical co-ordination factor Kcs ........................................................................... 81

9 Dependence of exponent m on the co-ordination switching impulse withstand voltage .. 87

10 Probability P of an equipment to pass the test dependent on the difference K
between the actual and the rated impulse withstand voltage......................................... 99

11 Example of a schematic substation layout used for the overvoltage stress location
(see 7.1) ..................................................................................................................... 107

B.1 Earth-fault factor k on a base of X0/X1 for R1/X1 = R = 0 ............................................... 125

B.2 Relationship between R0/X1 and X0/X1 for constant values of earth-fault factor k
where R1 = 0 ............................................................................................................... 125

B.3 Relationship between R0/X1 et X0/X1 for constant values of earth-fault factor k
where R1 = 0,5 X1 ........................................................................................................ 127

B.4 Relationship between R0/X1 et X0/X1 for constant values of earth-fault factor k
where R1 = X1.............................................................................................................. 127

B.5 Relationship between R0/X1 et X0/X1 for constant values of earth-fault factor k
where R1 = 2X1 ............................................................................................................ 129

C.1 Conversion chart for the reduction of the withstand voltage due to placing insulation
configurations in parallel .............................................................................................. 139

D.1 Example for bivariate phase-to-phase overvoltage curves with constant probability
density and tangents giving the relevant 2 % values ..................................................... 151

D.2 Principle of the determination of the representative phase-to-phase overvoltage Upre.... 153

D.3 Schematic phase-phase-earth insulation configuration ................................................. 153

D.4 Description of the 50 % switching impulse flashover voltage of a phase-phase-earth
insulation..................................................................................................................... 155

SEK Svensk Elstandard



71-2  © IEC: 1996 – 7 –

D.5 Inclination angle of the phase-to-phase insulation characteristic in range b dependent
on the ratio of the phase-phase clearance D to the height Ht above earth..................... 157

E.1 Distributed capacitances of the windings of a transformer and the equivalent circuit
describing the windings ............................................................................................... 169

E.2 Values of factor J describing the effect of the winding connections on the inductive
surge transference ...................................................................................................... 171

Annexes

A Clearances in air to assure a specified impulse withstand voltage installation............... 115

B Determination of temporary overvoltages due to earth faults ........................................ 123

C Weibull probability distributions.................................................................................... 131

D Determination of the representative slow-front overvoltage due to line energization
and re-energization...................................................................................................... 141

E Transferred overvoltages in transformers..................................................................... 159

F Lightning overvoltages................................................................................................. 173

G Calculation of air gap breakdown strength from experimental data ............................... 187

H Examples of insulation co-ordination procedure ........................................................... 199

J Bibliography ................................................................................................................ 251

SEK Svensk Elstandard



71-2  © IEC: 1996 – 11 –

INSULATION CO-ORDINATION –

Part 2: Application guide

1 General

1.1 Scope

This part of IEC 71 constitutes an application guide and deals with the selection of insulation
levels of equipment or installations for three-phase electrical systems. Its aim is to give
guidance for the determination of the rated withstand voltages for ranges I and II of IEC 71-1
and to justify the association of these rated values with the standardized highest voltages for
equipment.

This association is for insulation co-ordination purposes only. The requirements for human
safety are not covered by this application guide.

It covers three-phase systems with nominal voltages above 1 kV. The values derived or
proposed herein are generally applicable only to such systems. However, the concepts
presented are also valid for two-phase or single-phase systems.

It covers phase-to-earth, phase-to-phase and longitudinal insulation.

This application guide is not intended to deal with routine tests. These are to be specified by
the relevant product committees.

The content of this guide strictly follows the flow chart of the insulation co-ordination process
presented in figure 1 of IEC 71-1. Clauses 2 to 5 correspond to the squares in this flow chart
and give detailed information on the concepts governing the insulation co-ordination process
which leads to the establishment of the required withstand levels.

The guide emphasizes the necessity of considering, at the very beginning, all origins, all
classes and all types of voltage stresses in service irrespective of the range of highest voltage
for equipment. Only at the end of the process, when the selection of the standard withstand
voltages takes place, does the principle of covering a particular service voltage stress by a
standard withstand voltage apply. Also, at this final step, the guide refers to the correlation
made in IEC 71-1 between the standard insulation levels and the highest voltage for
equipment.

The annexes contain examples and detailed information which explain or support the concepts
described in the main text, and the basic analytical techniques used.

1.2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 71. At the time of publication, the editions indicated
were valid. All normative documents are subject to revision, and parties to agreements based
on this part of IEC 71 are encouraged to investigate the possibility of applying the most recent
editions of the normative documents indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.
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IEC 56: 1987, High-voltage alternating-current circuit-breakers

IEC 60-1: 1989, High-voltage test techniques – Part 1: General definitions and test requirements

IEC 71-1: 1993, Insulation co-ordination – Part 1: Definitions, principles and rules

IEC 99-1: 1991, Surge arresters – Part 1: Non-linear resistor type gapped surge arresters for
a.c. systems

IEC 99-4: 1991, Surge arresters – Part 4: Metal-oxide surge arresters without gaps for a.c.
systems

IEC 99-5: 1996, Surge arresters – Part 5: Selection and application recommendations –
Section 1: General

IEC 505: 1975, Guide for the evaluation and identification of insulation systems of electrical
equipment

IEC 507: 1991, Artificial pollution test on high-voltage insulators to be used on a.c. systems

IEC 721-2-3: 1987, Classification of environmental conditions – Part 2: Environmental
conditions appearing in nature – Air pressure

IEC 815: 1986, Guide for the selection of insulators in respect of polluted conditions
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