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Abstract: Lightning strikes represent a dangerous threat to electrical equipment,
especially for low-voltage alternating current (AC) systems. Overvoltage can be
described as a condition when the suddenly rising voltage value happens more than
the normal level of the protection devices rated. When a voltage rises above a certain
level, the insulating system of electrical equipment and wires will flash over. In order
to avoid flash over to happen, surge protection devices (SPDs) work as a crucial
component for protecting such systems against transient overvoltages caused by
lightning strikes to minimize damages or losses. This study focuses on identifying the
effect of Metal Oxide Varistor (MOV) based on their type of protection modes;
Normal Mode and Common Mode with the use of ATPDraw software. Heidler type
of current sources are used to represent the lightning strikes that occur in the system
with a standard current value of 8/20 ps. The circuit model constructed in this research
was a three-phase low-voltage AC power system that is commonly used in residential
areas. The system works by monitoring the lightning impulse transient on the MOV
when a 10kA current is injected into the system. The MOV acts as an open circuit
during normal conditions and in a short circuit condition when lightning surges occur
to discharge the high current to the ground. The output waveform explained how the
MOV works when lightning strikes happen and the amount of high current discharged
to the ground in order to protect the system. By comparing the output response
waveform for both types of protection modes, the normal mode gives more protection
to the system compared to the common mode since the MOV is connected line-to-
ground which tends to cause the system failure. It can be analyzed in detail for the
capability of the MOV in handling the high current to avoid failures happening in the
system depending on the burden that exists.
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1. Introduction

Lightning strikes are a major source of disturbance as they generate huge surge voltage and current
which occurs when an electrical discharge is carried on by tensions within or between storm clouds and
the earth [1]. British Standard International (BSI) Standard explains that the standard of
lightning impulse voltage and current is a smooth full lightning impulse having 1.2/50 us and
8/20 ps [2].

Surge Protective Devices (SPD) are electrical devices that limit the risk of electrical and electronic
equipment damage in a building from lightning surges caused by lightning strikes to the connected low-
voltage overhead lines [3]. Overvoltage occurs for various reasons as externally generated overvoltage,
mainly due to lightning strikes and related phenomena, and overvoltage due to internal causes such as
switching and other operations [4]. It is crucial to use surge protective devices (SPDs) with properties
specifically tailored to the respective application field if electrical systems or electronic equipment are
to be adequately protected against surge voltages and lightning currents [5]. As a result, many SPDs
with different properties have been developed and will be developed in the future. When SPDs are
connected to low-voltage power systems (LVPS), qualification testing has to take place under
conditions that simulate the real operating conditions of the power systems in which they are to be
deployed [6]. In this case, the electrical properties of the power system strongly affect the SPD's
operation behavior [7].

The SPD was divided into three (3) regions; pre-breakdown region, breakdown region and high
current region [8]. These regions provide useful information for understanding the MOV's
behavior during voltage surge occurrences and aid in the selection of the right MOV for surge protection
applications. V-1 characteristic curves are also called resistance curves of varistors and arresters. It is
the case that there is an equal or corresponding voltage or current for any given voltage or current. A
varistor, also known as a metal oxide varistor (MOV) disk, is a variable resistor whose resistance is
strongly dependent on the voltage applied across its terminals [9].

The performance of the MOV s affected by the type of protection mode used for the system;
Normal mode or common mode. The difference between these two types of protection modes is the
connection of the MOV in the system [10]. In normal mode conditions, the MOV is installed between
line-to-line connections [11]. Common mode connected the MOV that is installed between line-to-
ground connections [12].

This paper proposed the idea to install additional protection for low-voltage AC systems in
residential areas. The comparison effect between both types of protection modes of the MOV in a three-
phase AC power system should be done by identifying the lightning impulse that occurs at certain lines
of power supply.

2. Materials and Methods
2.1 ATPDraw Simulation Programme

In the simulation, the circuit is constructed in 2 types of protection modes; Normal Mode and
Common Mode by comparing the output response based on the location of the MOV. Both types of
protection circuits allow monitoring of the effect of the lightning impulse in each line that flows through
the MOV. A normal mode protection circuit is when the MOV is located across a line-to-line connection
meanwhile common mode protection connects the MOV between the line and the ground. Figures 1(a)
and 1(b) show the type of protection modes constructed in the simulation without the Heidler-type
component.
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Figure 1: (@) Normal Mode Protection Circuit (b) Common Mode Protection Circuit

Figure 2 shows the Heidler type of source representing the lightning strikes either in voltage or
current source. The lightning impulse had been set to 8/20 ps with a peak value of 10kA.
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Figure 2: Heidler Type of Source
2.2 MOV Characteristics Selection

The MOV circuit is determined by the operating current and voltage parameter of the application
of 10KA current rating. Table 1 shows the MOV V-I Characteristics that were manually filled in the
simulation programme.

Table 1: V-1 Characteristics of MOV for 10kA Current Rating

Current (A) Voltage (V)
0.000009 3,595
0.000027 17,976

0.00009 25,167
0.00045 27,863
0.009 28,762
0.9 30,200

9 31,908
1125 35,413
225 36,492
450 37,750
900 39,907
1350 41,345
2700 43,502
4500 45,660
9000 48,895

3. Results and Discussion

The connection of the MOV in the system affects the protection modes. Surges can transmit in
either a Normal Mode (Line-Line) or a Common Mode (Line-Ground) in the distribution system. The
resistor with the value of 1M ohm serves as the load connected to the delta connection in both circuits.
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A. Normal Mode Protection

The Normal Mode of Protection's MOV arrangement, which consists of four (4) MOV, is depicted
in Figure 3. The MOV is connected to the circuit in four different ways: SPD 1 (L1-L3), SPD 2 (L1-
L2), SPD 3 (L2-L3), and SPD 4 (L3-Ground).
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Figure 3: Normal Mode Circuit Diagram

Figure 4 displays the MOV's output response in normal mode when the current was injected at L1.
Based on the result obtained, SPD 1 discharges more current than SPD 2 and SPD 3 while SPD 4
discharges the highest value of current when lightning occurs compared to other SPDs. This situation
happened because only SPD 4 connected from the line to the ground. SPD 1 discharged 7.9 kA current
meanwhile SPD 2 and SPD 3 discharged 3.5 KA current. This process is repeated by changing the
location of the lightning strike that occurs on other lines.
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Figure 4: The Output Response of MOV in Normal Mode

The lightning impulse located in the circuit changed from L1 to L2 and L3 to monitor the output
response of each line as shown in Figures 5 (a) (b) (c) and Figures 6 (a) (b) (c).
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Figure 5 (a): Lightning impulse injected at L2 Figure 6 (a): Lightning impulse injected at L3
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Figure 5 (b): Output Response of SPD 1, SPD 2
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Figure 5 (c): Output Response of SPD 4 when

current injected at L2

B. Common Mode Protection
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Figure 6 (b): Output Response of SPD 1, SPD 2
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Figure 6 (c): Output Response of SPD 4 when

current injected at L3

Figure 7 (a) depicts the MOV configuration for the Common Mode of Protection, which consists
of three (3) MOVs. A line-to-ground connection is made between the MOV in this circuit's SPD 1 (L1-
ground), SPD 2 (L2-ground), and SPD 3 (L3-ground) lines. The output response of the MOV is shown
in Figure 7 (b) when the current is injected at L1. SPD 1 discharges the most current compared to SPD
2 and SDP 3. Since each SPD is connected line-to-ground, the current will discharge to the ground in
order to protect the system when a lightning strike occurs. This process is repeated by changes in the
location of the current injected at L2 and L3. In common mode protection, the MOV works similarly in
each line depending on the location of lightning that occurs.
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Figure 7: (@) Common Mode Circuit Diagram (b) Output Response of MOV in Common Mode

Figure 8 (a) and Figure 9 (a) show the circuit constructed and the output response for each condition
which is when the lightning impulse is located at L2 and L3.
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Figure 8 (a): Lightning impulse injected at L2 Figure 9 (a): Lighthing impulse injected at L3
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Figure 8 (b): Output Response of SPD 1, SPD 2, and  Figure 9 (b): Output Response of SPD 1, SPD 2,
SPD 3 when current injected at L2 and SPD 3 when current injected at L3

C. MOV Effectat L1, L2, L3 in Normal Mode

In this part, the simulation was conducted to monitor the response of the MOV as shown in Figure
10 in Normal mode protection when current is injected into each phase L1, L2 and L3.
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Figure 10: Normal Mode MOV protection circuit with the lightning impulse at L1, L2 and L3

Figure 11 shows the graph generated by each MOV response after the current is injected at 10 kA
after 10 ms. Figure 11 shows the output response of the MOV at each line. The current flow through
SPD 4 is very high (28 kA) and exceeds the maximum current discharge of the MOV which can cause
the failure of the MOV. A higher rating voltage of MOV should be used to prevent MOV failure by the
ground fault.
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Figure 11: Output Response of the MOVs in Normal Mode at each line

D. MOV Effect at L1, L2, L3 in Common Mode

In common mode protection, the circuit shows as in Figure 12 (a) that the lightning impulse is
injected at all phases L1, L2 and L3. In this test, each SPD discharge a similar amount of current to the
ground since they work independently to protect each line when a lightning strike occurs without
involving other lines as shown in Figure 12 (b).
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Figure 12: (a) Common Mode MOV protection circuit with the lightning impulse at L1, L2 and L3
(b) Output Response of the MOVs at each line

4. Conclusion

The ATPDraw simulation programme was used in this project to construct the type of protection
mode for a low-voltage ac power system. The analysis through the output response of each MOV works
during the lightning strike that occurs in each phase with two types of protection modes; Normal Mode
and Common Mode. Normal Mode provides more protection by connecting the SPDs between line-to-
line, while Common Mode has three SPDs connected between line-to-ground. However, common mode
protection causes current sharing conditions which help to reduce the burden on each SPD. Failure in
the Common Mode system was the most common cause of the system failure and each line should be
used the higher rating of the varistor in order to prevent the system failures.
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