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Abstract. Overvoltage happens in a condition where the voltage is increased and exceed 

its design limit. This situation may lead to harmful damage to machines or related equipment 

that connected to the system. Overvoltage can exist in a form of transient, voltage spike or 

permanent, depending on its duration. Types of overvoltage consist of lightning overvoltage 

and switching overvoltage. Overvoltage that caused by lightning is considerate as natural 

phenomena, while switching overvoltage exists from the system itself, either by the 

interruption of faults or inappropriate connection of circuit breaker contacts. This paper is 
discussed about overvoltage phenomenon including causes and effects of overvoltage and 
overvoltage protection towards power system.

1. Introduction

Overvoltage in power system is defined as the increase in voltage for the very short time in the power 

system. It is also known as the voltage transients or voltage surge [1-3]. The overvoltage in the power 

system can be classified into two factors which are an internal factor (temporary, switching) or 

external factor (usually lightning) [4-6]. Overvoltage in power systems can happen for several reasons 

such as lightning, faults, and disconnection with the most destructive is caused by a lightning strike to 

the power system [7-8]. 

     A single lightning strike can carry up to 300 kV voltages and almost 30 kA of current which is 

very high and can cause device and insulation breakdown [9]. Therefore, it is vital to design the power 

system so that the expected overvoltage will be lower than the value that can be withstood by the 

system [10]. But such a system will be costly and is not practical in real life application. The best way 

is to design the power system so that the damage from the overvoltage can be minimized. 

     The protection against overvoltage is very important to ensure smooth operation of the power 

system and to protect the insulation of power equipment (air, oil, SF6) which is very sensitive of the 

high voltage [11]. 

2. Types and Causes of Overvoltage

Overvoltage phenomena in the power system can be classified into two types which are the internal

overvoltage and external overvoltage. Internal overvoltage is caused by the changes in the operating 

conditions of the power system. There are three common types of internal overvoltage in the power 

system. 
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2.1 Temporary over voltage (Sustained over voltage) 
     According to IEEE Standard 100-2000, the temporary overvoltage is defined as an oscillatory phase-

to-ground or phase-to-phase overvoltage that is at a given location of relatively long duration (seconds, 

even minutes) and that is undamped or only weakly damped [12]. This type of transient is typically 
caused by faults (earth fault, single-phase faults etc), switching operations (or sudden disconnection) or 

from nonlinearities (Ferro resonance effects, harmonics). Temporary overvoltage can be differentiating 

from other types by the amplitude, duration, the frequencies of oscillation or the fall time ([C/PE4] 
1313.1-1996, C57.12.80-1978r) [13]. 

     The magnitude of temporary overvoltage is characteristically low compared to other types of 

overvoltage. The magnitude usually just a few percents to 50 percent above the nominal operating 

voltage except for several cases such as ferro resonance which can reach up to 300-400 percent above 
the nominal operating voltage [14-15]. The most common occurrence of temporary overvoltage is 

happening between healthy phase and the earth. When a fault happens, it will cause a voltage drop at 

the faulted phase and may result in overvoltage at the unfaulted phases. 

2.2 Slow-front over voltage (Switching overvoltage) 

     Switching overvoltage, as the name itself suggest is caused by the switching operation in the power 

system or sometimes can be because of fault [16-17]. This type of overvoltage is quite common since 
switching operations are carried out routinely in the power system as part of the testing process. Due to 

the Ferranti Effect, when an unloaded long line is charged, the voltage at the receiving end will increase 

in a significantly high amount that causes overvoltage to the system [18]. The same case happens in 
transformer operation where the transient can occur when the primary side of the transformer is switched 

on. The frequency content of switching transients depends on system parameters as illustrates in 

probability distribution curves of measured line switching overvoltage as shown in Figure 1 [19]. 

Figure 1. Probability distribution curves of measured line switching overvoltage [19]. 

2.3 Very-fast overvoltage 

Very-fast overvoltage is happening due to the arc interruption and restriking when opening 

disconnector. It can be caused by switching operation, a fault in gas-insulated substation (GIS) and 

certain lighting condition. In GIS, the substation operation itself can cause overvoltage because of the 
fast breakdown of the gas gap and the unrestraint propagation of the surge in addition to the high 

oscillation frequency (50 kHz-100 MHz) that result from the very short distance between two adjacent 

transition point in GIS [20-21]. However, the transient surges are only dangerous to equipment located 

close to the disconnector (heats wiring, causes internal resonance). 
     External overvoltages originates from atmospheric phenomena, primarily due to lightning [22-23]. 

It can be because of direct lightning stroke, electromagnetically induced overvoltages due to lightning 

discharge taking place near the line (side stroke), back flashover and electrostatically induced voltages. 
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     This type of overvoltage is also known as lightning overvoltage or fast-front overvoltage. A lightning 
can stroke generally anywhere on a power system or nearby object even if it tends to strike the tallest 

structure. Unlike other types of overvoltage, which is proportional to the system voltage, lightning 

overvoltages are dependent on system impedances instead of system voltage. It is almost impossible 
economically and practically to protect distribution or lower-kilovolt-level transmission lines to 

withstand this type of overvoltage. 

3. Overvoltage Protection

Overvoltage may be of transient or persistent nature. There are two categories, internal and external.

This overvoltage can source destruction to insulators and substation gear [24-25]. Thus, it is required to 

provide facilities to protect insulators and other gear from the damaging of overvoltage [26]. The process 
of protecting the electrical system from the destruction that may be triggered by overvoltage. The use 

of devices such as bent sirens close to the transmission line and Zener diodes for electronic circuits. 

 There are dissimilar methods can be used for overvoltage protection, with its specific characteristics. 
Performance, cost, difficulty and functioning mode all need to be considered when defining the method 

to use. 

3.1 Surge Arresters 
Series of construction SiC resistors and spark gaps, which are positioned in porcelain covering, and 

are commonly named “spark gap arresters” [27]. Overvoltage has a different voltage value, 

characteristics that differentiate overvoltage protection devices is their rated surge capacity and the 
achievable level of protection [28].  

● Level 1 lightning arrester: Defends against overvoltage and great currents caused straight or

secondary lightning strikes
● Level 2 surge arrester: Defends against overvoltage caused electrical switching processes

● Level 3 surge arrester: Defends electrical loads against overvoltage

3.2 SCR Crowbar 

Figure 2 shows the crowbar circuit that seats a short circuit across the output if an overvoltage situation 

is practiced. Characteristically thyristors for example SCRs are used for as they can switch great currents 

and continue on pending any charge has isolated. Often the thyristor is related back to a fuse that isolates 
the regulator from needing any more voltage located upon it [29]. 

Figure 2. Thyristor crowbar circuit [29]. 

3.3 Voltage Clamping 

In the simplest protection system can be on condition that used a Zener diode located across the 

output as illustrated in Figure 3. With the Zener diode voltage selected to be slightly overhead the 
determined line voltage, below normal situations it determination not conduct. If the voltage increases 

too great, then it will start to conduct, clamping the voltage at a worth somewhat overhead the line 

voltage [30].
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Figure 3. Simple Zener diode over-voltage clamp [30]. 

4. Conclusion

Overvoltage absolutely will cause harm and damage to the insulation of the distribution network 
equipment. Therefore, it is vital to identify the types and causes of overvoltage so that undesirable 

damage can be minimized. Various methods of overvoltage protection provide safety towards the 

performance of power systems networks such as surge arresters, SCR crowbar, and voltage clamping.
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