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Analysis of the influence of unequal current distribution
on the heating of parallel connected LV MOV surge arresters

Abstract. In low-voltage (LV) electrical networks metal-oxide varistor (MOV) surge arresters connected in parallel are often used against
overvoltages. The paper presents the results of laboratory experiments, during which pairs of parallel connected MOV surge arresters were
subjected to surges of specified energy. The tests determined energy distribution between surge arresters for AC burst voltage stresses, tempera-
tures recorded on their surface using contact sensors and temperature distribution images (IR thermograms). The analysis of results and
conclusions are also presented.

Streszczenie. W sieciach niskiego napigcia stosowane sg zwykle tlenkowe ograniczniki przepiec. W artykule przedstawiono wyniki badan, podczas
ktorych pary réwnolegle potgczonych ogranicznikéw poddano dziataniu narazeri o okreslonej energii. Badano rozktad energii pomigedzy ograniczniki
dla narazen przebiegami AC oraz rejestrowano termogramy IR i temperatury na ich powierzchni, mierzone czujnikami kontaktowym. Przedstawiono
analize wynikéw badari i wnioski. (Analiza wpfywu nieréwnomiernego rozplywu pradu na nagrzewanie si¢ roéwnolegle pofgczonych

tlenkowych ogranicznikéw przepieé niskiego napiecia).
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Introduction

The contemporary requirements for high reliability of
electrical devices and instruments make it necessary to
protect all apparatus working in electrical networks against
voltage surges that can arise in them. Overvoltages arising
and propagating in networks can cause unacceptable level
of voltage stresses destructively acting on electrical
insulation systems. For protection of electrical devices and
proper insulation coordination, various methods of miti-
gation and limitation of surges are applied, depending on
characteristic of occurring overvoltages and specific
properties of protected objects [1-7]. Currently, the most
commonly used solution for this purpose is the use of surge
arresters containing ZnO metal-oxide varistors (MOSA —
Metal Oxide Surge Arrester) as voltage limiting devices.
MOSAs are used at all voltage levels, from low voltage
(LV), through medium voltage (MV) up to high (HV), extra-
and ultra-high (EHV and UHV) voltages.

The physical mechanism of electric current conduction
in the varistor is complex due to the influence of the varistor
material properties and non-linear phenomena occurring at
the boundaries of grains that build its polycrystalline
structure [8-10]. The observed result is a non-linear
dependence of the current flowing through the varistor from
the voltage applied to its electrodes, which makes it very
useful as a voltage stabilizing element. The strongly non-
linear current-voltage (or electric field E - current density J,
Fig. 1) characteristic of the MOV is described by the
formula:

1) I=k-V%

where: | — current flowing through the varistor; V — voltage
on the varistor; k, o — constants, depending on the materials
and parameters of the varistor production process.

In the pre-breakdown range of ZnO varistor current-
voltage characteristic (Fig. 1), the resistive component of
the varistor leakage current is many times smaller than the
capacitive one. Experimentally observed static current-
voltage characteristics in this region are almost linear
(ohmic-type) but simultaneously very sensitive on the
temperature of the varistor. Because of physical mecha-
nism, resistive current increases significantly together with
increase of varistor temperature.

In the voltage stabilization range of ZnO varistor current-
voltage characteristic, clamping voltage shows a relatively

small change in the wide range of varistor currents. For very
large currents, in the saturation range, the increase of the
voltage on the varistor is the result of the ZnO grain
resistivity influence.
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Fig.1. A typical E = f (J) characteristic of zinc oxide varistor

Varistors are usually produced in the form of discs. Disc
thickness determines the clamping voltage value and its
circular area the highest value of the surge current, so the
volume of a disk is related to the varistor energy absorption
capacity. To improve the overvoltage protection of devices
installed in electrical networks and increase the capacity to
absorb energy of overvoltages MOSAs are used in parallel,
and are placed in different points of an electric network (at
terminals of protected devices) or multiplied at terminals of
a single protected device. The last one solution in practice
causes problems with equal overvoltage energy dissipation,
related to the differences in current-voltage characteristics
of parallel mounted varistors [11-15].

Paper presents the results and analyzes of experimental
investigations carried-out on the two parallel connected low
voltage MOSAs of the same type, subjected to the
sequence of AC voltage bursts stressing structures of their
varistors. The results of voltage and currents measure-
ments and evaluated energies absorbed by each MOSA as
well as the temperature changes recorded by two methods
on the surfaces of the arresters enclosure are presented
and discussed.
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Tested objects, experimental setup and procedure
A. Tested objects

For the laboratory experiments were used commercially
available low voltage MOV surge arresters (Fig. 2) with the
basic technical parameters presented in Table 1.

Fig. 2. Tested low voltage surge arresters with a polymer housing

Table 1. Selected parameters of tested MOSA

Parameter Value
Continuous operating voltage

280
Uc V]
Nominal surge current 10
(for 8 us /20 ps pulse) I, [kA]
Clamping voltage
Upn at Iy [V] 1010
Maximum surge current 40
(for 8us /20ps pulse) Imax [KA]
Max. voltage protection level

144
Upmax at Imax [V] 0
Energy absorption capability
KJV] 5/1000

B. Experimental setup

Used during laboratory experiments system for testing
of parallel connected low-voltage MOSAs (Fig. 3, 4, 5)
allowed generation of voltage waveforms of AC burst in
programmed time sequences. During the tests, the digital
storage oscilloscope (Tektronix TDS 784D) recorded the
following waveforms: voltage at surge arresters (Ch1) and
currents of each of two arresters (Ch2 / Ch3); indirectly by
measuring of voltages on two precision 4-terminal 0.1 Q
resistors.
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Fig. 3. General scheme of laboratory system for testing of parallel-
connected low-voltage MOSAs (ATR — autotransformer; SUTR —
step-up transformer; IR-CAM - infrared camera; TMU — 2-channel
temperature measurement unit; HV-D — high voltage divider).

The processes of heating and cooling of surge arresters
subjected to voltage stresses of the AC burst sequence
were observed by infrared camera to take thermograms of

the MOSAs housing surfaces and by a contact temperature
measurement system containing two K-type thermocouples.
Both temperature measuring instruments were read using
the USB serial interface (USB 1/ USB 2).

Fig. 4. Measuring stand for parallel-connected LV MOSAs tests -
general view

Fig. 5. Tested LV MOSAs with a high voltage probe and two series-
connected 4-terminal resistors used for measuring individual
currents of parallel varistors

C. Laboratory experiment procedure
In the first stage of the test procedure, from the group of
about twenty of the same type low voltage MOSAs, two
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arresters (signed as A and B MOSA) with noticeably
different clamping voltage values were selected. Then, for
their parallel connection, a programmed 50 Hz AC burst
voltage sequence was realized. Each single AC voltage
burst fed to the parallel connected surge arresters had a
width of about 1.2 second. The entire energy pulses
sequence contained five successive AC bursts, separated
by a time interval of about 3 minutes. The first two were
bursts with lower voltage and therefore also lower energy
(respectively 100 J and 94 J). The next three were bursts
with a slightly higher voltage, but with significantly higher
energy (respectively 1326 J, 1360 J, and 1366 J).

Results of experiment

Figures 6 and 7 present digitally recorded waveforms of
voltage and currents of surge arresters, acquired for low
and high energy 50 Hz AC bursts during the test sequence.
Table 2 summarizes the energy values absorbed individu-
ally by MOSAs A and B in the AC bursts sequence.
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Fig. 6. Recorded AC burst waveforms for low-energy stimulation:
voltage (top), current of MOSA B (middle), and current of MOSA A
(bottom)
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Fig. 7. Recorded AC burst waveforms for high-energy stimulation:
voltage (top), current of MOSA B (middle), and current of MOSA A
(bottom).

Table 2. Energy of AC bursts registered for MOSAs A and B

Time to t1 t2 t3 t4
Ea [J] 24 23 220 267 268
Eg [J] 76 71 1106 1093 1098

Figure 8 presents plots of the temperatures on the
surface of MOSAs A and B, recorded using a measuring
system with two K-type thermocouples. A significant
temperature difference between these two surge arresters
is visible, resulting from significantly different energy
dissipated in them. The same effects can be seen when
analyzing the results of infrared observation of the housing
of the two tested MOSAs. Figure 9 shows the thermal state
images of MOSAs A and B surfaces in the time moments
corresponding to the points marked on the temperature
plots in Figure 8.
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Fig. 8. Plots of the temperatures on the bottom surface of MOSAs
A and B, recorded using a measuring system with two K-type
thermocouples

Fig. 9. MOSA A and B thermograms recorded by the infrared
camera in the moments of time indicated in the temperature plots
shown in Figure 8. (Note: temperature scales are not identical on
all thermograms)
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Discussion of results and conclusions

In the analyzed case, the energy distribution between A
and B MOSAs ranged from approximately 1:3 for low
energy AC bursts to approximately 1:4 for high energy
ones. This indicates very unfavorable working conditions of
the B arrester, dissipating the main part of the AC bursts
energy.

The use of parallel connected MOSAs causes problems
related to uneven distribution of surge currents between
used protecting devices. This results in an uneven energy
and thermal load of the varistors of individual arresters. The
performed test confirms this problem for low voltage
MOSAs of the same type, without the selection which
allows proper cooperation of surge arresters with similar
current-voltage characteristics.

The strongly non-linear character of equation (1) causes
that small differences in the parameters of two neighboring
characteristics result in large difference of currents for the
same voltage on parallel connected varistors (Fig. 10).
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Fig. 10. Influence of differences in current-voltage characteristics
on MOSA A and B currents (Ucmax — maximum value of clamping
voltage; lcmaxa — MOSA A current at Ucmax; lcmaxa — MOSA B current
at UCmax)

The long time constant of the low voltage MOSA cooling
process [17] causes that repeated energy stimulus
successively accumulates its effect, raising the temperature
of the varistors. Then, the uneven distribution of the
dissipated energy accelerates thermal aging of the varistor
of the more loaded surge arrester. To limit this pheno-
menon, you can:

1) make a selection of surge arresters connected in
parallel in terms of high similarity of the current-
voltage characteristics;

2) use additional low value resistors connected in
series with varistors, affecting the resultant current-
voltage characteristics [11].

Unfortunately, the second solution affects the over-

voltage mitigation at protected devices in the same time.
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