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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION CO-ORDINATION —

Part 2. Application guide

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The objec s to promote
international cooperation on all questions concerning standardization in the el c_fields. To
this end and in addition to other activities, the IEC publishes International yration is
entrusted to technical committees; any IEC National Committee interested L Al with may
participate in this preparatory work. International, governmental and nen- go e xations liaising
with the IEC also participate in this preparation. The IEC collaborates ith the Internatiopél Organization
for Standardization (ISO) in accordance with conditions determi agreement between the two
organizations.

2) The formal decisions or agreements of the IEC on techniCal matters “express,\as nearly as possible an
international consensus of opinion on the relevant subjects sincg e Ic8 pmittee has representation
from all interested National Committees.

3) The documents produced have the form of y)écommenda e and are published in the form
of standards, technical reports or guides afhd they are acceted by\the gnédl Committees in that sense

4) In order to promote international unification, S i ndertake to apply IEC International
Standards transparently to the maximum /€xtent possi i\ their national and regional standards. Any
divergence between the |IEC Standard and the Qnai ational or regional standard shall be clearly
indicated in the latter

5) The IEC provides no markikg pre al and cannot be rendered responsible for any
equipment declared to b

6) Attention is drawn to th ments of this International Standard may be the subject
of patent rights. Tha IE e for identifying any or all such patent rights.

International Stan::(r prepared by IEC technical committee 28: Insulation

co-ordination.

The text O

based on the following documents:

FDIS Report on voting
28/115/FDIS 28/117/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.

Annex A forms an integral part of this standard.

Annexes B to J are for information only.
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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 Land Il of IEC 71-1
and to justify the association of these rated values with the standardized est voltages for
equipment.

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

proposed herein are generally applicable only to
presented are also valid for two-phase or single-phas,

This application guide is not intended to
the relevant product committees.

The guide emph
classes and all typg

voltages take ; imciple of coverlng a particular service voltage stress by a
standard witRsta VOI1§ . Also, at this final step, the guide refers to the correlation
made i e standard insulation levels and the highest voltage for
equipmeént

The annexes co
described in the main

ain examples and detailed information which explain or support the concepts
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 insulatj
equipment

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

IEC 815: 1986, Guide for the selection of insulators i

1.3 List of symbols and definitions

symbol is followed by the unit to b
indicated by (-).

value of the same para
A (kV) p<> ets

ax (m)

the influence of the lightning severity for the

a, (m) » p ad connecting the surge arrester to earth.
az F phase conductor between the surge arrester and the protected
ay (m) of the active part of the surge arrester.

B ()
C. (nF) capacitance to earth of transformer primary windings.

C: (nF) series capacitance of transformer primary windings.

C, (nF) phase-to-earth capacitance of the transformer secondary winding.

Ci» (nF) capacitance between primary and secondary windings of transformers.
Ciin  (nF)  equivalent input capacitance of the terminals of three-phase transformers.
C,in  (nF)  equivalent input capacitance of the terminals of three-phase transformers.
Csin  (nNF)  equivalent input capacitance of the terminals of three-phase transformers.
c (m/us) velocity of light.
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Ct (p.u.) coupling factor of voltages between earth wire and phase conductor of
overhead lines.

Eo (kV/m) soil ionization gradient.

F function describing the cumulative distribution of overvoltage amplitudes,
where F(U) =1 — P(U). See annex C.3.

f function describing the probability density of overvoltage amplitudes.
o] ) ratio of capacitively transferred surges.

H (m) altitude above sea-level.

h ) power-frequency voltage factor for transferred surges in transformers.
Ht (M) height above ground.

/ (kA) lightning current amplitude.

Iy (kA) limit lightning current in tower footing resistance calcul

J ) winding factor for inductively transferred surges in tgé

K ) gap factor taking into account the influence o
strength.

Ka () atmospheric correction factor. [3.28 of IE

Ke  (9) co-ordination factor. [3.25 of IEC 71-1
Ks (9 safety factor. [3.29 of IEC 71-1]
Kea  (5) deterministic co-ordinatj

Keo  (ps/(kVm)) corona damping
Kes () statistical co-ordination factor.

Kt (-) gap factor for fast-front impulses © polarity.
Kit  (-) ' p of negative polarity.
k ) EC 71-1]

(m) ion.dista between\surge arrester and protected equipment.

L (m)

(m) ‘ c i for which the lightning outage rate is equal to the adopted

Lsp

M insulations in parallel considered to be simultaneously stressed by

m exponent in the atmospheric correction factor formula for external insulation

N () number of conventional deviations between Us, and U, of a self-restoring
insulation.

n ) number of overhead lines considered connected to a station in the evaluation
of the impinging surge amplitude.

P (%) probability of discharge of a self-restoring insulation.

P, (%) probability of withstand of self-restoring insulation.

q () response factor of transformer windings for inductively transferred surges.

R (-) risk of failure (failures per event).

R, (1/a) acceptable failure rate for apparatus. For transmission lines, this parameter is

normally expressed in terms of (1/a)/100 km.
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Rhc (Q)

high current value of the tower footing resistance.

Rwn (1/(m.a)) overhead line outage rate per year for a design corresponding to the first

Rc ()
R, (1/a)
Ry (1/a)
R, (1/a)
R, (kV)
Ro (Q)
Ri (@)
R (Q)
S (kV/us)
Se  (kV)
S (V)
Sp (kV/us)
Se ()
Sp )

T

)

Ut

U

Uo

Uo"

Uie

Uze

Uan

Uo (k
Uis  (kV)
Uso  (kV)
U50M (kV)
U50RP(kV)
U (kV)
U (kV)

kilometre in front of the station.
low current value of the tower footing resistance.
shielding penetration rate of overhead lines.
shielding failure flashover rate of overhead lines.
adopted overvoltage return rate (reference value).

radius of a circle in the U'/U plane describing the phase-phase-earth slow-
front overvoltages.

Zero sequence resistance.

positive sequence resistance.

negative sequence resistance.

the 10 % discharge voltage of self-restoring insulation. This value is
tistical withstand voltage of the insulation defined in 3.23 b) of IEC 71-1.

Re st
value of the 16 % discharge voltage of self-restoring insulation.

value of the 50 % discharge voltage of self-restoring insulation.

value of the 50 % discharge voltage of M parallel self-restoring insulations.
value of the 50 % discharge voltage of a rod-plane gap.

positive component defining the centre of a circle which describes the phase-
phase-earth slow-front overvoltages.

negative component defining the centre of a circle which describes the phase-
phase-earth slow-front overvoltages.
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Uew

Unp
Urw
Ur1

Utz

Xt
Xo
X1
Xz

Xm

Zy

(kV)
(kV)
(kV)

(kV)

(kV)

(kV)
(kV)
(kV)
(kV)

(kV)

(kV)
(kV)
(kV)
(kV)
(kV)

(kV)
(kV)
(kV)

(kV)

(p.u.)

(kV)

(Q)

co-ordination withstand voltage of equipment. [3.24 of IEC 71-1]
amplitude of a phase-to-earth overvoltage.

truncation value of the cumulative distribution F (U,) of the phase-to-earth
overvoltages: F (U, = Ug) = 0; see annex C.3.

value of the phase-to-earth overvoltage having a 2 % probability of being
exceeded: F (Ue =2 Us,) = 0,02; see annex C.3.

50 % value of the cumulative distribution F (U.) of the phase-to-earth
overvoltages; see annex C.3.

amplitude of the impinging lightning overvoltage surge.
highest voltage for equipment. [3.10 of IEC 71-1]
amplitude of a phase-to-phase overvoltage.

value of the phase-to-phase overvoltage having a 22
exceeded: F (U, = Up,) = 0,02; see annex C.3.

o\probabilty of being

overvoltages; see annex C.3.
highest voltage of a system. [3.9 of IEC 71-4
standard withstand voltage.

switching impulse protective levet© ee er. [3.21 of IEC 71-1]

truncation value of t mulativedistiibu

overvoltages: F (U, 2

er secondary to primary phase-to-phase voltage.

eeh struck point of lightning and substation.
ead line distance within which lightning events have to be

zero sequence reactance of a system.
positive sequence reactance of a system.
negative sequence reactance of a system.

normalized variable in a discharge probability function P(U) of a self-restoring
insulation.

normalized variable in a discharge probability function P(U) of M parallel self-
restoring insulations.

conventional deviation of the discharge probability function P(U) of a self-
restoring insulation.

zero sequence impedance.
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Zy (Q) positive sequence impedance.

Z, () negative sequence impedance.

Ze () surge impedance of the overhead line earth wire.
Z () surge impedance of the overhead line.

Zv  (kV) conventional deviation of the discharge probability function P(U) of M parallel
self-restoring insulations.

Zs (Q) surge impedance of the substation phase conductor.
) normalized value of the conventional deviation Z referred to Usg.

) ratio of the negative switching impulse component to the sum of both
components (negative + positive) of a phase-to-phase overvoltage.

B (kV) scale parameter of a Weibull cumulative function.
o (kV) truncation value of a Weibull cumulative function.
) Gaussian integral function.
) (-) inclination angle of a phase-to-phase insulation\charac
Y () shape parameter of a Weibull-3 cumulative
c (p.u.) per unit value of the conventional
distribution.
p (Qm) soil resistivity.
T (us) tail time constant

overhead lines.

In IEC 71-1 the voltage st
the power-frequency

insulation or on the p
origins:

— continuous
normal opgtrati

\they can originate from faults, switching operations such as load
rejectign, “xe: )= ditions, non-linearities (ferroresonances) or by a combination of

lightning strokes t6 the conductors of overhead lines;

— fast-front overvoltages: they can originate from switching operations, lightning strokes or
faults;

— very-fast-front overvoltages: they can originate from faults or switching operations in gas-
insulated substations (GIS);

— combined overvoltages: they may have any origin mentioned above. They occur between
the phases of a system (phase-to-phase), or on the same phase between separated parts
of a system (longitudinal).

All the preceding overvoltage stresses except combined overvoltages are discussed as
separate items under 2.3. Combined overvoltages are discussed where appropriate within one
or more of these items.


https://standards.iteh.ai/catalog/standards/iec/f6478390-0a3d-458a-8baa-e78e8741ad79/iec-60071-2-1996

71-2 ©IEC: 1996 - 23 -

In all classifications of voltage stresses, transference through transformers should be taken
into account (see annex E).

In general, all classes of overvoltages may exist in both voltage ranges | and Il. However,
experience has shown that certain voltage classifications are of more critical importance in a
particular voltage range; this will be dealt with in this guide. In any case, it should be noted that
the best knowledge of the stresses (peak values and shapes) is obtained with detailed studies
employing adequate models for the system and for the characteristics of the overvoltage
limiting devices.

2.2 Characteristics of overvoltage protective devices

2.2.1 General remarks

Two types of standardized protective devices are considered:

— non-linear resistor-type surge arresters with series gaps;
— metal-oxide surge arresters without gaps.

| he arrester at any moment prior to and
during its operation mus idéred i >fmination of the protection characteristics.

ilicon carbide non-linear resistor with series gap, the
However, where the arrester consists of a metal-oxide

table 8 of IEC 99-1):

— the sparkover voltage for a standard full lightning impulse;
— the residual voltage at the selected nominal discharge current;
— the front-of-wave sparkover voltage.
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