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Abstract

An universal test system for all tests of the metal-oxide
arresters (MOA) according /1/ is presented. It consists
of an impulse current generator for both exponential
and long duration current impulses and a correspond-
ing AC-test system. This installation is suitable for
testing of all MOA-sections up to the rated voltage of
Ur < 12 kV as well as for IEC line discharge classes
1 to 5. Also the high lightning duty-MOA can be
tested with the prescribed high energy current impulse
30/80 ps, 40 KA.

1. Introduction

When the earlier used Silicon Carbide (SiC) Arrester,
which always had a series spark gap, were widely
replaced by the gap-less Metal Oxide Arresters (MOA)
a new International Standard for testing of MOA was
introduced in 1991/1/. A fundamental point was the
arrangement for testing ‘’Long duration current
impulse withstand test”.

The earlier Standard /2/ which was valid aso for the
SiC Arrester with series spark gap. According to this
the test circuit as well as the required charging voltage
had to be dimensioned so as to achieve data according
to Table 5 for " Long Duration Discharge Class” of the
arrester and the "' Rated Voltage of the test sample”.
This was understandabl e as the series spark gap, which
was often equipped with magnetic blow, made is diffi-
cult to estimate accurately the amount of energy trans-
ferred in the non-linear resistance of the arrester. The
disadvantage of this type of arrangement for the test
circuit liesin the fact that for each rated voltage of the
test object (Ur) which usually are in the range of 3 kV
to 6 kV (often up to 12kV), anew test circuit with com-
pletely different circuit elements is necessary (see fur-
ther " procedure @’).

According to /1/ the purpose of the "Long duration
current impulse withstand test" on MOA shall demon-
strate the ability of the resistor elements to withstand
possible dielectric and energy stresses without any
damage. IEC 99-4 describes two possihilities to per-
form Line Discharge Tests on heavy duty arresters up
to 20'000 A:

Procedure a)

A specific generator circuit is defined and a particular
value of the charging voltage for all five line discharge
classes of arresters, and this for every particular rated
voltage Ur. If al classes of arresters must be tested the

user must have five different generator circuits for
every value of rated voltage Ur to be tested. Such a
generator would have, 5 x 7 = 35 different test circuits
for 7 values of rated voltage between 3 kV and 12 kV.
Testing of arresters with different rated voltages
belonging to different line discharge classes requires
every time a different generator configuration charged
exactly to the charging voltage given in Table 4 to
ensure that the correct energy

W = Urese (UL - Ures) » UZ » T

is injected into the test sample (Ures: lowest value of
the switching impulse residua voltage, UL: charging
voltage, Z: surge impedance of the test line, T: virtual
duration of the long duration current impulse).

This design philosophy provides a straight forward test
procedure. |.e. every type of arrester is tested exactly
with the appropriate pre-defined test circuit. However,
it resultsin avery inflexible test system and a compli-
cated operating mode of the generator if many differ-
ent types of arresters have to be tested and the circuit
has to be changed for every type. " Procedure a’
requires at least alarge number of taps on the inductors
as well as many single capacitors of the impulse shap-
ing line in order to change the generator surge imped-
ance Z defined in Table 4 for all classes and al rated
voltages Ur. Nevertheless a test circuit for long dura-
tion (rectangular) pulses once matched for a particular
class can in most cases not be adapted for different
rated voltages Ur.

The following disadvantages of "procedure a' must be
noted:

- Only a limited number of discrete values of rated
voltages of arresters can be tested with a particular
generator;

- at alater time the generator cannot be eassily adapt-
ed to test arresters with other rated voltages,

- the energy injected into the arrester varies strongly
from case to case since the residual voltage of an
individual arrester can change up to 10 %

- with this "procedure &' it is not possible to test the
energy effectively dissipated in the arrester during
later operation (a detailed discussion of the men-
tioned disadvantage is given in the paper of Bargigia,
Mazza, Carrara and de Nigris /3/).

A test circuit for long duration (rectangular) pulses
once matched for a particular class can in most cases
not be adapted for different rated voltages Ur.



Procedure b)

As an dternative IEC 99-4 offers the possibility to
utilise any impulse current generator fulfilling the
required test characteristics (i.e. the virtual duration of
the impulse shall be as specified in /1/, table 4, the
oscillations or initial overshoot shall not exceed 10 %
of the peak of the current value and the energy W for
each impulse on each test sample shall be between 100
and 110 % of the above calculated value). This"proce-
dureb" isdescribed and explained in full detail dsoin/3/.

The impulse current generator described below follows
this "procedure b" and alows to test arresters with
every rated voltage comprised between 3 kV and 12
kV with one single generator and without any modifi-
cation of the test circuit. With this "procedure b" the
number of taps and generator modifications for long
duration current impulsesis reduced to only 4 different
test circuits since changes of the test circuit are neces-
sary only for adjustment of the 4 different pulse lengths
involved with testing of the 5 different classes. All
other parameters are set only by adjusting the charging
voltage of the generator to a pre-defined value. As
compared to "procedure @' a much higher flexibility of
the operation is therefore achieved and testing of many
different types of arresters in strict accordance with
|EC 99-4 becomes much easier.
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2. Concept of the Test system

The arrester test system described here was designed to
achieve al the current and energy tests (operating duty
test equipment) respectively as foreseen in /1/. The
only exception is "Power frequency voltage versus
time characteristics of an arrester" according to Point
5.10, for which a much more powerful AC source
would be necessary.

The overview of the presented test system is given in
block diagram fig. 1. With this following individual
tests are basically possible:

a) Impulse Current test on MOA only (i.e.
Exponential and rectangular wave respectively);
Switch S4b "on"; S4aand S3 "off".

b) Impulse Current Test of MOA with simultane
ously applied AC voltage (UAC); Switch S3,
Sdaand S4 b "ON".

c) Impulse current test of MOA and subsequently
(within 100 ms) AC voltage test; first switch S3
and S4b "ON" and later S4a"ON", $4b "OFF".

Following is a short description of the individual tests.
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As further advantages of the design described below it

is obvious that

- the energy dissipated in the arrester under test is
much better reproducible than with "procedure a'
and meets the calculated value much better since a
measurement of the residual voltage on the test sam-
pleis made prior to the impulse current test;

- the same generator can be used for high current puls-
es and for rectangular long duration pulses, the time
necessary for re-configuration is just 15 minutes;

- the very low inductance of the concentric generator
design alows generation of all IEC pulse shapes
down to 1/< 20 ps.

2.1 Impulse current generator

As aready mentioned in the "Introduction" the
Generator is designed to perform all Impulse current
tests (i.e. both exponential and long duration current
impulses) on MOA sections with rated voltage up to
Ur =12 kV.



2.1.1 Test circuitsfor exponential current impulses

The determining factor for the energy of the combined
generator was the Impulse wave 30/80 us, 40 kA which
is necessary for tests according to /1/ Annex C (i.e. for
“High Lighting Duty Arresters’). The optimisation of
generator parametersisdescribed in /4/ and /5/ and will
not be discussed here.

Due to a low inductance design of the generator, the
current impulses 4/10 us, 120 kA and 8/20 ps, 50 kA
could be achieved with much higher amplitudes. For
the realisation of the current impulse 1/<20 us specia
measures to reduce the circuit inductance were neces-
sary. The measured two critical current impulses (i.e.
30/80 s, 40 KA and 1/<20 ps, 20 kA) aregiveninfig. 2.
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Impulse current 1/<20ys, 20kA 385417

Fig. 2 Exponential current impulses.
a) Impulse 30/80 ps, 40 KA;
b) Impulse 1/<20 s, 20 kA

2.1.2 Test circuit for long duration current impulses

The generator is designed for 5 IEC-long duration
impulses according /1/, namely for

IEC-Cl. 1 T = 2000 ps, Wdes < 15 kJ
IEC-CI. 2 T =2000 ps, Wdes < 30 kJ
IEC-CI. 3 T = 2400 ps, Wdes < 45 kJ
IEC-CI. 4 T = 2800 ps, Wdes < 55 kJ
IEC-CI. 5 T = 3200 ps, Wdes < 65 kJ

(Wdes = max. required energy losses in MOA for
Ur =12 KkV)

For the realisation of the necessary Rectangular
Impulses (see /1/ tab. 4) the required energy transfer in
test object is decisive. The general design problems of
thetest line are described in /6/. The basisfor the deter-
mination of the energy transfer isgivenin/1l/ Annex E,
fig E.1. These values of specific energy are sum-
marised is the following table.

Tab 1 Specific energy for arresters 10 000 A and
20 000 A according /1/

Line Minimal Virtual | Specific Test
discharge | switching duration | energy | current
class residua of current w' (A)
voltage p.u.| peak T (us)| (kIkV)

1 2 000 1.0 200
2 2 000 2.0 400
3 20 2 400 3.0 500
4 2800 4.2 600
5 3 200 5.0 625

The current values are estimated as = W/(Ua Teff) with
effective Impulse duration Teff = 1.25T.

The energy efficiency nw of areal network test circuit
must be taken in consideration (s. fig. 3). In fig. 4 are
given the measured long duration impulses for IEC-
classes 1 and 5.

i

Fig. 3 Energy efficiency of the network mw as function of
the termination impedance RA = Ures/|
a) for loss-free network (see /5/)
b) for areal network with losses

Fig.4 Long duration current impulses
a) for IEC-class 1,
b) for IEC-class 5



Infig 5is shown the arrangement of the combined gener-
ator for exponential-and rectangular impulse currents.
It consist mainly of a 100 kV-capacitor bank of 12
units, which are distributed radial around the central
spark gap in order to obtain a minimal self inductance
of the concerning test circuits. The coils for the net-
work are made as solenoids and are placed outside on
the ground in vertical position.

Fig. 5 Test equipment for "Operating Duty Test" according /1/

2.2 A.C. test system
TheA.C. test system consigt of following parts (seefig. 1):

a) A specia developed AC-control unit PACS 2000,
which makes possible to adjust in advance, as pre-
scribed by /1/, both test voltage level and test duration.

b) The one phase high voltage transformer (HT), which
is designed to satisfy all IEC-requrements for
"Operating Duty Test" of MOA with rated voltage up
toUr <12 kV

¢) Protecting devices. The high voltage transformer is
protected by a correspondingly designed voltage
arrester Ao.

This is specially important, because the voltage level
of the impulse current generator is much higher than
the high voltage of the transformer. For the case if the
generator would be discharged, by mistake, on a test
sample with a very high impedance, the transformer is
protected by Ao. The low pass filter F (see fig. 1) has
in the first line the function to reduce the steepness of
the voltage impulses on the transformer high voltage
side, which could be dangerous for insulation between
the turns of the high voltage coil.

d) The Disconnecting switch S3 serves only for visible
separation of the AC supply from the other part of the
test installation.

€) The multi contact commutation switch S4 is made of
two parts, i.e. switch S4a and $4b (see fig.1). The first
part of the switch with afast contact S4a servesto con-
nect respectively disconnect the AC-voltage from the
test sample according to the IEC-standard for
"Operating Duty Test" (i.e. in atime less than 100 ms).
The second part, $4b serves in the same way to con-
nect respectively disconnect the impulse current gener-
ator. The possible combinations in the positions "off"
resp. "on" for both S4aand S4b isalso givenin fig. 1.

f) AC current measuring shunt Rshl (seefig.1), serves
for measurement of AC-leakage current. It is made in
such a mode, that at high current impulses its imped-
ance becomes neglectible. Against that at the AC-leak-
age current of approximate 1 mA itsimpedanceis high
enough, which makes possible to perform the mea-
surement.

3. Operating duty test (ODT)

According to |EC-standard |EC 99-4 the arresters must
be stressed both with UAC and different impulse cur-
rents. For these tests the following two test procedures
can be distinguished:

a) The impulse current stress is applied at the same
time with UAC (conditioning test, see IEC 99-4,
fig. 1; 2and C.1;)

For this test arrangement both contacts of the switch
A (i.e. S4aand HAb s. fig. 1) arein position "on". The
test circuit isin this case swiched for the required rated
impulse current 8/20 ps. At this test procedure the gen-
erator protecting unit Pr must be awaysincluded in the
test circuit. The function of Pristo interrupt the con-
nection between AC-supply and the impul se generator
after its discharge (s. fig. 6).

b) The impulse current stress is applied before the
UAC is connected to the test sample (high current
impulse-and switching surge ODT - see IEC 99-4,
fig. 1+4, C.1 and C.2)

The protecting unit Pr is not necessary here and must

be removed. At the beinning of the test with any

impulse current, the switch S4b isin position "on" and
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the switch S4a is "off". Immediately after last dis-
charge of the generator, but in atime less than 100 ms,
the switches S4a and S4b will change the position (i.e.
SAain position "on" and $4b in position "off"). In this
way the connection between AC-supply and the
impulse generator will be prevented (s. fig. 7).

4. Summary

A multi purpose test equipment has been presented for
metall oxide arrestor sections with exponential current
system, long duration current impulses and operating
duty test.

5. References

/1 International standard IEC 99-4, 1991-11
Surge arresters. Part 4: Metal-oxide surge
arresters without gaps for a.c. systems,

12/ International standard IEC 99-1, 1991-05
Non-linear resistor type gapped surge arresters
for a.c. systems,

13/ A.Bargigia, G.Mazza, G. Carrara,

M. de Nigris

Evolution of long duration current impulse
withstand test on surge arresters for

H.V.A.C. systems. IEEE ~ Transactions on
Power Delivery, Vol. PWRD-1, No 4, Oct. 1986

14/ M. Modrusan
Realisation of the prescribed exponential
impulse currents for different kinds of test sam
ples. International symposium on high voltage
engineering, Zurich, 3.-9. Sept. 1975

/5/ M. Modrusan
L ong-duration impulse current generator for
arrester tests according to IEC recommenda
tions Bulletin SEV, Bd. 68 (1977) 24, S. 1304.

Address of the main author:
M. Modrusan, Haefely Trench AG,
L ehenmattstrasse 353,
CH-4023 Basdl Switzerland)

ISH *97 Secretariat

JPdL Multi Management Inc.

1410 Stanley, Suite 609

Montréal, Québec, Canada H3A 1P8

Tel. 514-287-1070 Fax: 514-287-1248



Haefely Test AG

High Voltage Test Division
CH-4028 Basel/Switzerland
Phone +4161373 4111

Fax +41.61.373 49 12
www.haefely.com

e-mail: sales@haefely.com

HAEFELY IS

HIGH VOLTAGE TEST



