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EN 60071-2:1993

Foreword

The text of document 28/115/FDIS, future edition 3 of IEC 71-2, prepared by IEC TC 28,
Insulation co-ordination, was submitted to the IEC-CENELEC parallel vote and was approved
by CENELEC as EN 60071-2 on 1996-10-01.

This European Standard supersedes HD 540.2 S1:1991 and, together with
EN 60071-1:1995, supersedes HD 540.3 S1:1991.

The following dates were fixed:

- latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 1997-09-01

- latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 1997-09-01

Annexes designated "normative" are part of the body of the standard.

Annexes designated "informative” are given for information only.

In this standard, annexes A and ZA are normative and annexes B to J are informative.
Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 71-2:1996 was approved by CENELEC as a
European Standard without any modification.
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EN 60071-2:199%

Normative references to international publications

with their corresponding European publications

This European Standard incorporates by dated or undated reference, provisions from other
publications. These normative 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 this European Standard only when
incorporated in it by amendment or revision. For undated references the latest edition of
the publication referred to applies (including amendments).

NOTE: When an international publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

High-voltage alternating-current
circuit-breakers

High-voltage test techniques
Part 1: General definitions and test
requirements

Insulation co-ordination
Part 1: Definitions, principles and rules

Surge arresters
Part 1: Non-linear resistor type gapped
surge arresters for a.c. systems

Part 4. Metal-oxide surge arresters without
gaps for a.c. systems

Part 5: Selection and application
recommendations

Guide for the evaluation and identification
of insulation systems of electrical
equipment

Avrtificial pollution tests on high-voltage
insulators to be used on a.c. systems

Classification of environmental conditions
Part 2: Environmental conditions appearing
in nature - Air pressure

Publication Year Title
IEC 56 1987
{mod)

IEC 60-1 1989
IEC 711 1993
IEC 99-1 1991
IEC 99-4 1991
IEC 99-5 1996
{mod)

IEC 505 1975
IEC 507 1991
IEC 721-2-3 1987
IEC 8156 1986

Guide for the selection of insulators in
respect of polluted conditions

1) HD 348 S6 includes A1:1992 + A2:1995 to IEC 56.

EN/HD

HD 348 S6"

HD 588.1 S1

EN 60071-1

EN 60099-1

EN 60099-4

EN 60099-5

EN 60507

HD 478.2.3 S1

Year

1995

1991

1995

1994

1993

1996

1993

1990

SEK Svensk Elstandard



71-2 © |IEC: 1996 -3-

CONTENTS
Page
Clause

L 1Y o= = Y SRR 11
L I TS ToTo o1 OO U RO OPRP PRSPPSO 11
1.2 NOrmMative TEfEIENCES ..ot e e 11
1.3 List of symbols and definitions ..........coooiiiiii i 13
2 Representative voltage stresSses iN SErVICE ..o it 21
2.1 Origin and classification of voltage Stresses ..........ocoviiiiiiiiii e 21
2.2 Characteristics of overvoltage protective devices............cooeiiiiiiiiiiiiiieee, 23
2.3 Representative voltages and overvoltages.........ccooveiiiiiiiiiii e 27
3 Co-ordination withstand voOltage ..o 57
3.1 Insulation strength characteristics ..o 57
3.2 PerformancCe CriteriON. . ... ettt e e e 65
3.3 Insulation co-ordination ProCedUIES ..o 67
4 Required withstand VOIAge .......couiiini e 83
I I C 1Y =T = T =T 0 F= L 83
4.2 AtMOSPNErIC COMTECHION ...vii i e e eees 83
4.3 Safety faCIOrS ..ot 87
5 Standard withstand voltage and testing procedures ...........cccoviiiiiiiiiiiiiiiee e, 91
o B €T a1 LI =Y g =T S 91
5.2 Test CONVErsion faCtors . ... oouuiiii e 93
5.3 Determination of insulation withstand by type tests...........ccoccoeiiiiii . 95
6 Special considerations for overhead liNeS..........cccuiiiiiiiii i 103
6.1 GENEIAl FEMATKS .. ittt e e e e e eans 103
6.2 Insulation co-ordination for operating voltages and temporary overvoltages ............. 103
6.3 Insulation co-ordination for slow-front overvoltages ...........c...coooiiiiiiiiiiii, 105
6.4 Insulation co-ordination for lightning overvoltages............c.ccoooiiiiii i, 105
7 Special considerations for substations ... 107
A I €T oL =TI =Y 4 =T S PR 107
7.2 Insulation co-ordination for overvoltages ..........ccooviiiiiiiiiii e 111

Tables
Recommended creepage diStanCes ... 71

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

3 Test conversion factors for range |l to convert required short-duration power-frequency

withstand voltages to switching impulse withstand voltages.............cccooviiiiiiininnn. 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

(o ST=1 = [ 7= 1= P 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 ........ ..o 121

C.1 Breakdown voltage versus cumulative flashover probability — Single insulation
and 100 parallel INSUIAtioNS ... ..o e 135

SEK Svensk Elstandard



71-2 © |IEC: 1996 -5-

F.1 Corona damping CONSTANT Kig «evuerniitiiiiiiiieii e 175
F.2 Factor A for various overhead lINeS..........ooiiiiii e 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..........ccoovviiiiiiiiiiici e 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

ANA FE-ENEIGIZAtION. ... et e 39
2 Ratio between the 2 % values of slow-front overvoltages phase-to-phase and

PaSE-10-Ca N ..o e 41

Diagram for surge arrester connection to the protected object..............c.ccooiiiiinnil. 55

Distributive discharge probability of self-restoring insulation described

ON @ lIN@AK SCAIE ... e 73
5 Disruptive discharge probability of self-restoring insulation described

0N @ GAUSSIAN SCAIE ...t e 73
6 Evaluation of deterministic co-ordination factor Keg ...ocvvviviiiiiiiii 75

Evaluation of the risk of failure....... .o 77

8 Risk of failure of external insulation for slow-front overvoltages as a function of
the statistical co-ordination factor Kig....oovveiniiiii 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..............c..ccooiin s 99
11 Example of a schematic substation layout used for the overvoltage stress location

(S ) it s 107
B.1 Earth-fault factor k on a base of Xp/X; for Ri/X1 = R =0 e, 125
B.2 Relationship between Ry/X; and Xy/X; for constant values of earth-fault factor k

W BT Ry = 0 o e e 125
B.3 Relationship between Ry/X; et Xo/X; for constant values of earth-fault factor k

WHETE R = 0,5 X ittt e e e e e e 127
B.4 Relationship between Ry/X; et Xo/X; for constant values of earth-fault factor k

W I Ry = X i e e e 127
B.5 Relationship between Ry/X; et Xo/X; for constant values of earth-fault factor k

W I Ry = 2 K i e e e 129

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

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

D.2 Principle of the determination of the representative phase-to-phase overvoltage Upe.... 153
D.3 Schematic phase-phase-earth insulation configuration .................ccooi . 153

D.4 Description of the 50 % switching impulse flashover voltage of a phase-phase-earth
1 ] U1 =1 {0 o N 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 Hf above earth..................... 157
E.1 Distributed capacitances of the windings of a transformer and the equivalent circuit

describing the WINAINGS ..o e 169
E.2 Values of factor J describing the effect of the winding connections on the inductive

SUIGE trANSTEIENCE ..t 171
Annexes
A Clearances in air to assure a specified impulse withstand voltage installation............... 115
B Determination of temporary overvoltages due to earth faults ...................cooiin, 123
C  Weibull probability distribUtionS............ccoiiiiii e, 131
D Determination of the representative slow-front overvoltage due to line energization

AN FE-ENEIGIZAtION. ... i e 141
E Transferred overvoltages in transformers. .. .. ..o 159
F o Lightning OVEerVOIageS . ..v i e 173
G Calculation of air gap breakdown strength from experimental data ............................... 187
H Examples of insulation co-ordination procedure ..............cooiiiiiiiiiiii e, 199
J BIDHOGIaP Y o 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 | and Il 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 — Part2: 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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