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LIGHTNING IMPULSE DISCHARGE CAPABILITY OF A METAL-OXIDE
SURGE ARRESTER

Amemdment 1 Fragment 2 to IEC 60099-4 Ed 2.0

Add new clause to 37/298/FDIS (60099-4, Ed. 2)

6.17 Impulse lightning discharge capability

When required, the lightning impulse discharge capability shall be demonstrated by tests and
procedures of Annex O.

Add new Annex O to 37/298/FDIS (60099-4, Ed. 2)

Annex O

(normative)

TEST PROCEDURE TO DETERMINE THE LIGHTNING IMPULSE
DISCHARGE CAPABILITY

0.1 General

This procedure applies to surge arresters used on lines with system voltages exceeding
52 kV to improve the lightning performance of such lines. In general, theses arresters are
subjected to higher energy and current stresses caused by lightning than arresters installed
in stations with effective lightning protection on incoming lines. In addition, the anticipated
current waveform for decisive cases, with a duration of several tens of microseconds for
arresters applied on shielded lines and several hundreds of microseconds for arresters on
unshielded lines, considerably differs from waveforms specified in the operating duty test and
in the long duration current impulse test.

An impulse duration of 200 microseconds has been considered as a suitable compromise to
cover both the typical applications and the effect of multiple strokes.

Arresters intended for this application, therefore, shall be tested in accordance with the
lightning impulse discharge capability test to verify the rated lightning impulse discharge
capability of the arrester.

0.1.1 Selection of test samples

Three samples shall be tested. These samples shall include complete arresters, arrester
sections or resistive elements. They shall not have been subjected to any previous tests
except as necessary for evaluation purposes of this test.
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The samples to be chosen for the lightning impulse discharge capability test shall have a
residual voltage at nominal discharge current at the highest end of the variation range
declared by the manufacturer. Furthermore, in case of multi-column arresters the highest
value of uneven current distribution shall be considered. In order to comply with these
demands the following shall be fulfilled:

a) The ratio between the rated voltage of the complete arrester to the rated voltage of the
section is defined by n. The volume of the resistor elements used as test samples shall not
be greater than the minimum volume of all resistor elements used in the complete arrester
divided by n.

b) The residual voltage of the test section should be equal to k*U,/n, where k is the ratio
between the maximum residual voltage at standard nominal discharge current of the arrester
and its rated voltage. In case U,s > k*U,/n for an available test sample the factor n has to be
decreased correspondingly. If U, < k*U,/n the section is not allowed to be used.

c) For multi-column arresters the distribution of the current between the columns shall be
measured at the impulse current used for current distribution test (Clause 9.1e). For each
test sample, the ratio of maximum current in any column to the average current, K,, is
determined and compared with the maximum ratio, K,, specified by the manufacturer. The
highest current value in any of the columns shall not be higher than given by K.

0.1.2 Test procedure

Before the tests, the lightning impulse residual voltage at nominal discharge current of each
test sample shall be measured for evaluation purposes.

Each lightning impulse discharge capability test shall consist of 18 discharge operations
divided into six groups of three operations. Intervals between operations shall be 50 s to 60 s
and between groups such that the sample cools to near ambient temperature.

Following the 18 discharge operations and after the sample has cooled to near ambient
temperature the residual voltage tests, which were made before the test, shall be repeated
for comparison with the values obtained before the test, and the values shall not have
changed by more than 5%.

Visual examination of the test samples after the test shall reveal no evidence of puncture,
flashover, cracking or other significant damage of the metal-oxide resistors.

In case of a design where the resistors cannot be removed for inspection an additional
impulse shall be applied after the sample has cooled to ambient. If the sample has withstood
this 19" impulse without damage (checked by the oscillographic records) then the sample is
considered to have passed the test.

NOTE With respect to possible changes in the low current range due to lightning
discharges, this is considered to be sufficiently covered by present operating duty
tests.

0.1.3 Test parameters for the lightning impulse discharge capability test

The current peak value is selected by the manufacturer to obtain a particular discharge
energy and charge. The energy shall not be higher than the total energy in two line
discharges of the classifying class (for line discharge class 2 to 5 arresters) or the energy
due to one high current impulse, 100 kA, 4/10 us (for line discharge class 1 arresters). If this
is not the case the operating duty test must be repeated with an increased energy to cover
the claimed energy.
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The current impulse shape shall be approximately sinusoidal. The duration of time during
which the instantaneous value of the impulse current is greater than 5% of its peak value
shall be within 200 ps to 230 ps.

The peak of any opposite polarity current wave shall be less than 5% of the peak value of the
current.

The current peak value of each impulse on each test sample shall lie between 100 % to
110 % of the selected peak value.

NOTE An increased energy in the operating duty test could be obtained by increased
current (for line discharge class 2 to 5 arresters) and increased impulse duration (for
line discharge class 1 arresters).

0.1.4 Measurements during the lightning impulse discharge capability test

The energy, charge and peak current shall be reported for each impulse as well as the
duration of time during which the instantaneous value of the impulse current is greater than
5% of its peak value. Oscillograms of the typically applied voltage and current waveforms and
dissipated energy shall be supplied on the same time base.

0.1.5 Rated lightning impulse discharge capability

The average peak current, charge and energy shall be calculated from the 18 discharge
operations. The average energy shall be divided by the rated voltage of the sample to obtain
the specific energy. For multicolumn arresters, the peak current, charge and energy for each
test sample shall be multiplied by the factor K,/K, before the average value is determined.

The rated lightning impulse discharge capability of the arrester is the combination of the
following:

a) The lowest average peak current for any of the 3 test samples.

b) An energy value selected from Table O.1 lower than or equal to the lowest specific energy
for any of the 3 test samples.

c) A charge value selected from Table O.2 lower than or equal to the lowest average charge
for any of the 3 test samples.

Table 0.1 — Steps of rated energy values in kJ/kV of rated voltage

111512 |25| 3 354 (45| 5|6 |78

910 | 11|12 |13 | 14 |15 | 16 |17 |18 | 19| 20

Table 0.2 — Steps of rated charge values in C

04 | 06 | 0,8 1 1,2 114 |16 | 1,8 2 24 | 28 | 32 | 3,6 4 4,4

4,8 152 |56 6 6,4 | 68 | 72 | 76 8 8,4 88 92|96 | 10




