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Abstract 

 

The paper presents the results of a thermal test (conducted with 
thermographic camera, coupled with an electrical test) of medium voltage 

metal–oxide surge arresters. Surge arresters (for Uc=18 kV) were tested for 

the leakage current and surface temperature: for 5 minutes under state 50 
Hz alternating voltage 18 kV. The surface temperature of the MOAs 

correlates with an increase in leakage current. The result shows that the 0.6 

mA AC leakage current in the medium voltage metal–oxide surge arrester 
(18 kV) is above the stable operating point, and the loss of electrical power 

is higher than the effective heat dissipation in the arrester. After 5 minutes 

of high voltage impact U = 18 kV, the surface temperature of the surge 

arrester was (4.320.55) K higher than the initial temperature. The IR 

camera can be used to detect the faults of ZnO metal–oxide surge arresters 

that lead to an increase in surface temperature. 
  

Keywords: surge arresters, medium voltage, thermography, discharge 

current, cooling. 

 

1. Introduction 
 

Temperature measurement and early detection of local increase 

in the surface temperature may be crucial for the power system 

machinery and equipment as indication of failure or its improper 

work. Thermal cameras used for monitoring of the equipment can 

easily detect increase of the surface temperature of electrical 

equipment [1, 2, 3, 4].  

Surge arresters are very efficient equipment applied for 

protection of high voltage and medium voltage electrical 

equipment. They are used to eliminate the effect of overvoltage 

caused by incoming surges. They are widely used not only to 

protect especially transformers in the distribution systems but also 

to protect circuit- breakers, bushings, lines. Effective overvoltage 

protection prevents the damage from lightning strike, electrostatic 

discharge, electromagnetic pulse (usually accompanying the 

lightning strike). It also stops the current from the surge caused by 

switching operation in the power system discharge. The current 

from the surge is diverted through the arrester (usually to the 

ground). Effective overvoltage protection requires different surge 

arrester types to be used [5, 6, 7].  

 

 
 

Fig. 1.  Construction of metal-oxide surge arrester [7] 

 

Metal–oxide varistors have been used since the 1970s to limit 

surges in electrical network. They are also known as gapless 

arresters and variable-resistors (var+istors). Varistors are 

manufactured on the basics of polycrystalline ZnO (about 90%) 

with additives of magnesium-, bismuth-, cobalt- and chromium-

oxides. In the medium voltage surge arrester (Fig 1.) varistors 

(pastilles stack) are covered in fiber-reinforced plastic tube, and 

the silicone rubber sheds are directly molded on them to avoid 

moisture ingress, gaps between the layers or inclusions. 

The proper varistors functional parameters may be achieved due 

to the physical and chemical properties of metal- oxides 

(transmitting electromagnetic waves, thus IR waves), as well as 

the technological process of varistors production. The most 

important is the strongly nonlinear current–voltage characteristics: 

I=CVa, (I - current, V - voltage, C, a - constants) [6, 7]. The 

microscopic structure of the varistors shows the presence of 

polycrystalline grains slightly different in shape and sizes. The 

homogeneity of that structure is crucial for the proper parameters 

of the varistor. The total varistors current is the sum of the partial 

discharge currents flowing through inter-grain junctions [8]. 

Nonlinear varistor current-voltage characteristic normalized by the 

varistor geometry to E = f(J) plot presenting the electric field E vs. 

the current density J is presented in Fig. 2 [5].  

 

 
 

Fig. 2.  Characteristic of metal-oxide varistor as electric field vs. current density  

E= f(J), [5] 

 

In the first range (normal operation) the energy dissipated in the 

varistor is small, due to very small values of leakage current (due 

to varistor capacitance). Varistor resistance is maximal. The 

leakage current strongly depends on varistor temperature [8, 9]. 

The surface temperature changes in time correlate with the energy 

generated inside the elements, thus it can be numerically analysed 

and modelled [10, 11, 12, 13]. In the continuous operation, the 

arrester operates in the leakage current region on the voltage vs. 

current curve. In the case of the operating duty, i.e., during  

a lightning or switching energy impulse, the discharge current 

flows. The arrester limits the voltage to the residual voltage level 

(Ures). The measurement of the reference voltage Ur (at the 

reference current) and residual voltage (at the nominal discharge 

current) ensures a control of the U=f(I) characteristic of surge 

arrester. They are done by producers as quality tests [6]. The 

temperature dependence of the arrester conductivity is negligible. 

[8]. In the other case the construction of the surge arrester as 

presented in Fig. 1, provides mechanical isolation of varistors to 

protect the fragile polycrystalline elements (in polymer tube 

housing and silicone rubber outer cover). Those elements of 

arrester must transmit effectively thermal radiation from varistors 

(but they are not as efficient as metal radiators). Stabilization 

process is repetitive and after cooling the arrester may return to 

the stable operating point (Fig 3). If effective factors on the heat 

transfer coefficient are considered constant, heat dissipation ability 

may be approximated as a linear function up to 100°C. In that 

range the achieved thermal balance diagram shows that the 

arrester surface temperature vs. thermal power loss characteristics 

is linear (at constant voltage applied), [11]. 

If energy is too high it leads to destruction of the varistor micro- 

or macrostructure and finally to cause saturation of the varistor. 

As presented in Fig. 3 the current flowing through the varistor 
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increases so rapidly that varistor does not stabilize the voltage any 

more. Electrical energy leads to increase in thermal energy 

generated and rapid destruction of varistor. In the macroscale it 

may even cause varistor explosion [14]. 

 

 
 

Fig. 3.  Characteristic of metal-oxide varistor Q` heat dissipation and PE vs. 

Temperature (after [6] and [7]) 

 

Varistors are tested before exploitation to confirm stable 

operational properties (with AC, impulse current, or DC). The 

producer declares continuous operating voltage Uc (in V), nominal 

discharge current (for 8/20 μs pulse) In (in kA), Voltage protection 

level Upn (in V), at In and maximal partial discharges in pC. 

Medium voltage surge arresters are usually covered with silicone 

surface to protect metal oxides from the ambient moisture [5, 6]. 

That is also important for the surface varistor temperature analysis 

using thermal cameras. Emissivity coefficient (ɛ) of the matt 

silicone rubber is high, about 0.97 [3, 4].  

The varistor surface temperature in terms of time T(t) can be 

calculated as:  

T(t) = Ta + (T0 − Ta)e
−t/τ      (1) 

 

where:  is the time constant, T0 is the initial temperature  

of varistor, Ta is the ambient temperature. Generally, cooling 

curve time constant has been calculated with the following 

equation [12]: 

τ = 0.63(T0 - Ta)                (2) 

 

The calculations are simplified as the varistor surface initial 

temperature is the same as the ambient temperature.  

Recently some researches were dedicated to analyze arrester 

surface temperature and leakage current, or state of the arresters. 

Novizon and Zulkurnain Abdul-Malek (2016) analysed correlation 

with third harmonic resistive leakage current and condition of 

ZnO arrester. Some analysis of power loss problems, degradation 

of varistors and temperature changes were done both in the 

laboratory and in the field searches [15, 16]. 

 

2. Methods 
 

The analysed sample consisted of 21 medium voltage outdoor 

metal oxide surge arresters MOA. Their nominal parameters are 

provided in Tab. 1.  
 

Tab. 1. Surge arresters parameters 

 

Parameter   

Continuous operating voltage, Uc  18 kV 

Rated voltage Ur (at the leakage current 3 mA) >20.3 kV 

Nominal discharge current, In 10 kA 

Voltage protection level: Upn (residual voltage) at In, V 63 kV 

Maximal partial discharges in pC <5pC 

Thermal energy rating Wth, kJ/kVr 10 kJ/kVr 

 

The arresters worked outdoors for 3-5 years before the 

experiment as overvoltage protection equipment. They were used 

to protect medium voltage distribution transformers.  

All of them had been exposed to surges or discharges before. 

Due to inspection the arresters were in good condition and they 

had been working properly before. 

The surge arresters were disassembled and taken for the 

laboratory test in high voltage laboratory (laboratory is accredited 

and certified). Surge arresters were tested with AC/DC test 

systems produced by F.A.E. Zwarpol Sp. z o. o. These systems are 

designed to test dielectric strengths with alternating or constant 

voltage. They consists of high voltage test transformer (type TP), 

control panel (type PS), voltage divider (DN) and a control 

transformer (TRP10). Power of the control system ranges up to 

100 kVA, maximum high voltage output ranges up to 300 kV 

(Fig. 4.). Controlling by means of a desktop equipped with  

a control autotransformer together with a drive operating under the 

control of a microprocessor controller was applied. 

The surge arresters were put under the voltage 18 kV (50 Hz) 

for 5 minutes. After that time the voltage was switched off and the 

system was grounded. 

 

 
 
Fig. 4.  Surge arresters during high voltage laboratory test 

 

During the experiment the voltage U, V, and the AC arrester 

leakage current Iarr, A were registered.  

The initial surface temperature of MOAs was close to ambient 

temperature, ranging from 15 to 20 degrees. The surface 

temperature T, oC, of the surge arrester was registered using the 

thermal camera every minute for 10 minutes. After that time 

temperature of the surface of surge arresters was still monitored 

until the surface surge arrester temperature reached the ambient 

temperature (30…90 minutes). In the course of the study more 

than 1000 thermograms were prepared. Measurements were made 

using FLIR thermal imaging model E50 (240180 pixel matrix, 

resolution 0.05°C at 30°C, image refresh rate 60 Hz). Laboratory 

conditions during the measurements were as follows: ambient 

temperature 19°C, RH 60%. Distance to the thermal camera: 

(0.5…3) m. The thermograms were analysed using FLIR Tools+ 

5.2 taking into consideration: air temperature, relative humidity in 

% (RH), emissivity (ε), distance from the object. The thermograms 

were analysed for the surface temperature, changes of the 

temperature in time, the temperature distribution on the area, the 

detection of anomalies and hot spots on the surface.  

After initial research 21 MOA of one type were chosen for 

statistical analysis (a thermal test made with a thermographic 

camera, coupled with electrical test). Group A: consisted of 15 

MOA – for which leakage current was Iarr = 0.3 mA at U = Uc = 

18 kV. Group B: consisted of 6 MOA – for which leakage current 

was Iarr = 0.6 mA at U = Uc = 18 kV. 
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The statistical analysis was performed with the EXCEL MS 

Office tools. The analysis included arrester surface temperature 

changes in time T(t); correlation between the surge arrester current 

and surge arrester surface temperature R(Iarr;T); the rate of 

temperature increase ΔT; derivative of temperature over time: 

dT/dt. Results were statistically tested using one way ANOVA, t 

test. Statistic differences between groups were determined for 

<0.050 and α<0.010. Correlation was analysed in J.Guilford`s 

scale. 

 

3. Results 
 

Most MOAs under the high voltage at the level of continuous 

operating voltage (U = Uc) presented the proper parameters.  

In group A, the leakage current Iarr did not exceed 0.3 mA at  

U = 18 kV for 5 minutes. These are normal values. For continuous 

operating voltage (Uc), the AC leakage current Iarr should not 

exceed 0.3 mA [6, 7]. For group A, changes in surface 

temperature T vs. time were not significant. It confirms that 

arresters work at the stable operating point. If the surface 

temperature is close to the ambient temperature during the 

experiment, it means that the heat losses compensate for the loss 

of electric power [6, 8].  

In the case of group B the leakage current value Iarr was about 

0.6 mA. The surface temperature T in group B was increasing 

during high voltage treatment (Fig. 5). After 5 minutes of high 

voltage impact U = 18 kV, the surface temperature of the MOAs 

was (4.320.55) K higher than the initial temperature. The linear 

approximation of the surface temperature shows that the increase 

in temperature (Medium Value) was about ΔT = 0.51 K for each 

minute. Increase in temperature was almost the same for the next 5 

minutes after the voltage was switched off. Heat dissipation does 

not compensate for the electric power loss in the varistors inside 

the MOA [9]. There were statistically significant differences in the 

surface temperature of the MOA between groups A and B (level 

of significance <0.01). 

 

 
 

Fig. 5.  Characteristic of surge arresters surface temperature (MV – medium value) 

vs. time 

 

The exemplary thermograms of the surge arrester with higher 

surface temperature T (group B) are presented in Fig. 6. The 

highest temperatures on the surface of the arresters (hot spots) 

were recorded in various areas. Most often, the upper and middle 

areas. 

Fig. 7 presents two MOAs from group B: one before and one 

after the U=18 kV treatment for 5 minutes. The surface 

temperature T is higher for the arrester after 5 minutes of 

treatment. The MOAs in group B are cooled down to ambient 

temperature for a further (20…30) minutes. The surface 

temperature correlates with the energy produced in MOA [9, 10, 

11, 12].  

 

 
a) 

 

 
b) 

 

Fig. 6.  Thermograms of MOA arresters after 5 minutes under U=18 kV (group B),  

a) the hot spot noticed in the lower part of the arrester: 22.4oC, b) the hot spot 

noticed in the middle of the arrester: 25.0oC 
 

As it appears from the literature, it is possible to monitor the 

high voltage MOAs and detect their fault conditions, using  

a thermal imaging camera. The leakage current Iarr then reaches 

values in the order of (1…10)3 A. Heat losses are large. [15, 16]. 

The result of the experiment shows that even a slight increase in 

leakage current (Iarr = 0.6 mA) affects the thermal state of MOA 

and can be detected by means of an IR camera. 

 

 
 

Fig. 7.  Thermograms of MOA arresters from group B: one before (left) and one after 

the experiment (right) 

 

The highest increase in the surface arrester temperature was 

observed during the first minute (Fig. 8.). The value dT/dt reached 

3.05 K/min, SD = 0.46, in group B, where in A group the 

observed increase was only 0.3 K/min, SD = 2.28. Statistical 

groups differences dT/dt were important (level of significance 

<0.01). 
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The correlation between the surface temperature and the leakage 

current, was high; R = 0.53. 

 

 
 

Fig. 8.  Surface temperature increase parameter dT/dt, for surge arresters with 

different leakage current 

 

 

4. Conclusions 
 

The surface temperature of the medium voltage surge arrester 

correlates with an increase in leakage current.  

The result shows that the 0.6 mA AC leakage current in the 

medium voltage metal–oxide surge arrester (18 kV) is above the 

stable operating point, and the loss of electrical power is higher 

than the effective heat dissipation in the arrester.  

After 5 minutes of high voltage impact U = 18 kV, the surface 

temperature of the MOA surge arrester was (4.320.55) K higher 

than the initial temperature.  

The IR camera can be used to detect the faults of ZnO metal – 

oxide surge arresters that lead to an increase in surface 

temperature. 

 
Special thanks to the TAURON Dystrybucja company for allowing the research to 
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