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 Gapless surge arresters (GLSA) constructed with zinc oxide (ZnO) element 

is connected in electrical power system for protection against surge voltage. 

For condition monitoring of GLSA conventionally offline and online 

techniques are available. However, offline techniques are not much useful as 

it requires system shutdown and hence online techniques are more useful. 

Online surge arrester monitoring technique based on leakage current analysis 

is adopted by all stakeholders. However, in this method supply system 

harmonics plays major roles in measurement accuracy to determine health 

index. In this paper improved health monitoring indexes for GLSA 

diagnostic based on ratios of leakage current components has been proposed. 

The ageing process has been done with application of lightning Impulse 

current, surface contamination due to salt fog, temperature effect, and 

moisture ingress. Various experimental tests have been carried out on 

porcelain and polymer housed surge arresters to evaluate the ability of 

proposed method. Obtained results of 9 kV, 18 kV, and 30 kV healthy and 

degraded metal oxide GLSAs have been shown the viability of improved 

health indexes on surge arrester condition monitoring procedures. The 

experimental investigation and discussion of the obtained results reflects 

sufficient and effective trails to utility engineers to determine health of surge 

arresters and able to effectively schedule further maintenance plan. 
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1. INTRODUCTION 

Lightning surges are main cause of overvoltage in the power system. Surge arresters are connected 

to protect the power system against lightning overvoltage. Gapless surge arresters (GLSA) consisting of zinc 

oxide (ZnO) elements connected in electrical power system for protection of equipment against over voltage. 

ZnO has non-linear volt-amp (VI) characteristics. GLSAs are frequently used in the distribution system to 

address overvoltage concerns and mitigate their potential drastic consequences [1], [2]. ZnO surge arresters 

have been widely used nowadays in overvoltage protection of transmission line systems. The most recently 

developed ZnO surge arresters do not require serial gaps owing to their excellent nonlinear properties [3]. 

Due to influence under continuous operating voltage, lightning surges, pollution, and environmental effect 

performance of GLSA degrades. The degradation phenomenon refers to irreversible change in electrical and 
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physical properties of ZnO element [4]. It can be concluded that failure of arresters can affect the substation 

reliability and can cause severe harm to substation reliability or great outage in the network. The equivalent 

circuit of GLSA consist of ZnO blocks is given in Figure 1. Where, V is the voltage across surge arrester, C 

represents the equivalent capacitance and R represents the non-linear resistor. Total leakage current (IT) is 

flowing through surge arrester. Due to the non-linear characteristics of ZnO blocks a current in the range of  

1 mA flows through the surge arrester under normal service condition [5].  

IC and IR are the capacitive and resistive components of IT respectively.  

The total current (IT) of the GLSA is given by a vector sum of a capacitive current component (IC) 

and resistive current component (IR): 

 

𝐼𝑇 = 𝐼𝑅 + 𝐼𝐶   (1) 

 

hence, the resistive component of total current can be obtained by subtracting capacitive component from 

total current, that is (2). 

 

𝐼𝑅 = 𝐼𝑇 − 𝐼𝐶  (2) 

 

Figure 2 shows phasor diagram of applied voltage, IT, resistive leakage current (IR), and capacitive 

leakage current (IC). It can be seen IT leads IR by angle ɵ and lag IC by an angle ø. The resistive components 

of leakage current exceed from its capacitive component with the rise in applied voltage [6]. The capacitive 

current is attributed to the grading capacitance and permittivity of metal oxide element [7]. Ideally the 

capacitance of a ZnO element in the range of 60 pF kV/cm2 to 150 pF kV/cm2 [8]. Hence, the IR which 

generate a Joule effect in the ZnO block, are responsible for the temperature rising, and it is sensitive to the 

distribution of the voltage in the block. Several techniques make it possible to calculate the IR value, from the 

IT. The resistive current reaches the value of the total current in the moment when the voltage is at its 

maximum [9]. 

 

 

  
  

Figure 1. Equivalent circuit of GLSA Figure 2. Phasor diagram of leakage current 

 

 

Resistive component of leakage current is sensitive indicator of change in voltage-current 

characteristics of metal oxide resistors. Therefore, resistive current is use as effective tool to ascertain 

condition of metal oxide surge arrester [8], [10]. A leakage current based condition assessment is most 

extensively opted method to monitor the ageing and deterioration of ZnO surge arrester [11]. The power loss 

in the surge arrester can be computed based on the leakage current and applied voltage data the following 

formula can be used to calculate active power loss [12], [13]. 

 

𝑃 =  
1

𝑇
∫ 𝑣(𝑡)𝑖(𝑡)𝑑𝑡

𝑡+𝑇

𝑡
  (3) 

 

The power loss measurement is frequently used in the laboratories but is rarely used online because 

simultaneous leakage current and operating voltage measurements are required [12]. Leakage current 

measurement is the most commonly applied condition assessment of metal oxide based surge arresters  

[14]-[17]. The main purpose of most diagnostic techniques are based on resistive current analysis, because 

the resistive component is a sensitive indicator to determine surge arrester condition [18]. However, in this 

method compensation of harmonics in supply voltage required to be done for accurate measurement. Many 

research has been done for compensation of supply harmonics during leakage current measurement. There 

are method such as arrester temperature and electromagnetic field measurements are used for online testing 
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of arresters [19]-[21], but these methods are less accurate and provides information about temperature of 

GLSA and electromagnetic field around GLSA hence not much popular. As per research it is supposed that a 

surge arrester is classified as “aged” if the maximum voltage of V-I characteristic decreased by 10% [16]. 

However, obtaining V-I characteristic online is challenge. The previous research studies have illustrated that 

the magnitude of leakage current is mainly affected by the ageing and deterioration of metal oxide  

GLSA [22], [23]. Earlier, measurement of fifth harmonic resistive current (IR5th) as ageing indicator has been 

proposed [7]. But compensation of supply harmonic has not been considered. Ratios of third to fifth resistive 

harmonic components and ratio of resistive to IT fundamental components have been also proposed [18]. 

However, in this research, ratios of other current components have not been considered. Hence, there is scope 

of further research to find out the ageing effect on ratios of all current components. Therefore, in this work 

for further improvement in health index of surge arrester, online condition monitoring techniques based on 

current ration analysis of various leakage current components has been proposed. New indexes for GLSA 

health monitoring based on various current ratios has been proposed. In this paper: i) ratios of IR to IT-Ra,  

ii) ratios of IR3rd to IT-Rb, iii) ratios of IR5th to IT-RC, iv) ratios of IR3th current to IR–Rd, v) ratios IR5th to IR– Re, 

and vi) ratios of IR5th to IR3rd components–Rf have been proposed. The ratios of these currents are considered 

for condition assessment of GLSA which improves accuracy of condition monitoring technique. A database 

of leakage current components has been produced in the laboratory to evaluate the new health monitoring 

indexes. The data base has been obtained for 9 kV and 18 kV porcelain housed and 30 kV polymer housed 

ZnO GLSAs for various operating conditions. Such operating conditions includes lightning impulse current 

application, salt fog, voltage application, and moisture ingress and temperature effects. The experimental 

results of leakage current measurements of 9 kV, 18 kV, and 30 kV healthy and aged metal oxide GLSAs are 

analysed, compared and validated for proposed health index technique. Obtained results shows the significant 

performance of proposed health indexing of ZnO element based GLSAs. Proposed method is validated by 

offline condition monitoring techniques. Earlier proposed techniques in [7], [18] have been also validated 

with offline techniques. Experimental results prove effectiveness of proposed method.  

 

  

2. PROPOSED METHOD  

In this paper online condition monitoring techniques based on ratio of various current components 

has been proposed. Ratios of following leakage current components have been proposed to verify the 

healthiness of the GLSA.  

− Ratio of IR to IT–Ra,  

− Ratio of IR3rd to IT–Rb,  

− Ratio of IR5th to IT–Rc,  

− Ratio of IR3th current to IR–Rd,  

− Ratio of IR5th to IR–Re and  

− Ratio of IR5th to IR3rd components–Rf  

From the above ratios, overall ratios of all above ratios have been computed by (4): 

 

Overall Current Ration (R) = ∑ √𝑅𝑖
2𝑛

𝑖=1   (4) 

 

where, 𝑖 =  𝑎, 𝑏, 𝑐, 𝑑, 𝑒, 𝑎𝑛𝑑 𝑓. 

 

R = √Ra
2 + Rb

2 + Rc
2 + Rd

2 + Re
2 + Rf

2   (5) 

 

Overall ration “R” derived from above formula has been proposed for detecting the healthiness of 

GLSA. To validate the proposed methodology detailed experiments have been carried out in the high voltage 

laboratory on 9 kV, 18 kV, and 30 kV GLSA. The data base has been obtained for 9 kV and 18 kV porcelain 

housed and 30 kV polymer housed ZnO GLSAs. The obtained results of above method validate the proposed 

techniques. 

 

 

3. LABORATORY EXPERIMENTATION 

For laboratory experiment 9 kV, 18 kV, and 30 kV GLSAs have been chosen. On different ratings 

of GLSA various experiments have been performed at research laboratory. The measurement of IT, IR, third 

harmonic, and fifth harmonic component of IR, on new ZnO based GSLAs has been carried out. The 

technical specifications of the GLSA used for experiment are given in Table 1. 
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Table 1. Rating of GLSA 
Parameter Rating 

Rated voltage (Ur) 9 kV 18 kV 30 kV 
Maximum continuous operating voltage 8 kV 14.4 kV 24 kV 

Nominal discharge current 5 kA 5 kA 10 kA 

Maximum residual voltage 27 kV 54 kV 90 kV 
Frequency  50 Hz 50 Hz 50 Hz 

Basic insulation level (BIL) 75 kVp 150 kVp 170 kVp 

External creepage distance 320 mm 650 mm 845 mm 

 

 

First, on all the healthy GLSAs various condition monitoring tests have been carried out. Thereafter, 

measurement of IT, IR, IR3th, and IR5th have been carried for all three GLSAs. Database of all the test results 

have been created. All the GLSAs have been kept for rigorous ageing process. After ageing again leakage 

current measurement and condition monitoring tests have been carried out. From the obtained results the 

proposed method of ratios of various currents has been validated. The experimental circuit used is given in 

Figure 3.  

 

 

 
 

Figure 3. Laboratory experimental circuit for GLSA 

 

 

Equipment used for each test with detailed methodology is given further. After testing all the 

GLSAs have been kept for accelerated ageing process. Following tests were carried out on all the GLSAs 

before and after ageing: i) lightning impulse residual voltage measurement at 1 kAp, 8/20 µS impulse 

current; ii) measurement of reference voltage at reference current of 1 mA; iii) measurement of capacitance; 

iv) measurement of tan δ; v) measurement of partial discharge (PD); vi) measurement of IT;  

vii) measurement of IR; viii) measurement of IR3rd; and ix) measurement of IR5th. 

For the measurement of impulse residual voltage 800 kVp, 40 kJ impulse voltage test system has 

been used. Non-inductive current shunts of 1.0 Ω with high resolution impulse analyser used for impulse 

current measurement. Same test set-up has been used for application of 1 kAp lightning impulse current on 

all the ratings of surge arresters. The discharge current’s amplitude and waveform can have an effect on the 

residual voltage; the residual voltage must be lower than the protection level of the operating equipment [24]. 

The reference voltage at reference current of 1 mA measured using 150 kV, 150 kVA, high voltage 

transformer, 9.8 kΩ resister, 100 kV voltage divider, and digital oscilloscope. For the measurement of 

various components of leakage current 33 kV, single phase high voltage source used and for measurement of 

leakage current 10 kΩ non-inductive resistance used. Voltage measurement has been carried out using 

accurate high voltage probe. 80 kV high voltage PD free transformer, 100 kV capacitive voltage divider,  

300 kV coupling capacitor, and digital PD measuring system used for PD measurement. 80 kV high voltage 

PD free transformer, 50 pF standard capacitor, and bridge used for capacitance and tan δ measurement. 
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Leakage current was measured on digital oscilloscope and then resistive component of IT measured as per 

method given IEC: 60099. The third harmonic and fifth harmonic component of resistive current component 

obtained by fast Fourier transform (FFT) method on digital oscilloscope [25]. Laboratory experimental set-up 

has been shown in Figure 4. Measured leakage current and voltage on digital oscilloscope has been shown in 

Figure 5. The obtained experimental results were recorded and database created.  

   

   

  
  

Figure 4. Experimental set-up Figure 5. Measured leakage current and voltage 

 

 

3.1.  Accelerated ageing process followed for gapless surge arresters 

Accelerated ageing of all the GLSAs have been carried out, the ageing process followed has been 

given in Figure 6. First all the GLSAs kept in oven at 150 °C for temperature ageing of 168 hours as shown 

in Figure 7(a). After that impulse current of 1 kAP has been applied on each GLSA for 500 times as shown in 

Figure 7(b). Impulse voltage test system has been used for 500 Nos. of application at 1 kAp, 8/20 µS impulse 

current. After that all three GLSA have been kept in salt fog chamber having volumetric dimension of 15 M3 

used for salt fog for 168 hrs as shown in Figure 7(c). For voltage application under salt fog 50 kV, 1 Amp 

high voltage source has been used. After that all the three GLSA immersed in normal tap water for 168 hrs as 

shown in Figure 7(d). After accelerated ageing of GLSA same tests have been repeated. The database of 

fresh and aged GLSA have been created. Results of the before and after accelerated ageing process has been 

compared and analysed for verification of healthiness of GLSA.  
 
 

 
 

Figure 6. Accelarated ageing process 
 

 

    
(a) (b)  (c)  (d)  

 

Figure 7. GLSA underageing process of temperature, impulse current, salt fog, and water immersion;  

(a) temperature ageing, (b) impulse current ageing, (c) salt fog ageing, and (d) water immersion ageing 
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4. RESULTS AND DISCUSSION  

Experimental results of all the GLSAs have been recorded. The obtained results before and after 

ageing process are analysed. Obtained results before ageing process is given in Table 2. As per experimental 

results, measured impulse residual voltage for all the new surge arresters are within limit. Measured PD 

quantity, is well within limit for all the new surge arresters. Value capacitance and tan δ does not indicate any 

abnormalities. The data base of various components of measured leakage current have been created for all 

three ratings of surge arresters and obtained results does not signify any abnormalities. From the obtained 

leakage current components reference value of ratios of all current components from Ra to Rf and overall ratio 

R has been computed. Measured impulse residual voltage after ageing for all surge arresters is reduced after 

ageing. No significance change observed in the value of measured capacitance of surge arresters. However, 

significant increment observed in measured tan δ value. PD quantity increased to very high value which 

conforms ageing effects. The data base of various components of measured leakage current after ageing have 

been created. Obtained results after ageing process is given in Table 3. All leakage current components shows 

significantly increased after ageing process. From the obtained leakage current components reference value of 

ratios of all current components from Ra to Rf and overall ratio R has been computed. 

 

 

Table 2. Experimental results before ageing  
Parameter 9 kV 18 kV 30 kV 

Measured lightning impulse residual voltage (kVp) 22.4 41.4 80.18 
Measured reference voltage at reference current (kV) 10.2 18.8 30.7 

Measured capacitance (pF) 50.823 52.5138 52.9321 

Measured tan δ (%) 0.05123 0.07132 0.07532 
Measurement of partial discharge (pC) 1.2 1.5 0.8 

Measured-IT (µAp)  126.4 118.5 136.2 

Measured-IR (µAp) 42.12 32.85 45.6 
Measured third harmonic resistive leakage current - IR3rd (µAp) 13.47 13.53 15.35 

Measured 5th harmonic resistive leakage current - IR5th (µAp) 4.12 4.2 4.32 

 

 

Table 3. Experimental results after ageing 
Parameter 9 kV 18 kV 30 kV 

Measured lightning impulse residual voltage (kVp) 20.86 38.92 78.8 

Measured reference voltage at reference current (kV) 9.56 17.22 28.12 

Measured capacitance (pF) 51.1212 52.3245 51.4532 
Measured tan δ (%) 0.06231 0.08231 0.08765 

Measurement of partial discharge (pC) 26 35 278.34 

Measured-IT (µAp)  243.32 235.43 358.67 
Measured-IR (µAp) 102.36 110.4 167.37 

Measured third harmonic resistive leakage current-IR3rd (µAp) 52.34 48.56 58.71 

Measured fifth harmonic component of resistive leakage current-IR5th (µAp) 16.53 15.6 17.89 

 

 

From the experimental results, measured impulse residual voltage are within specified limit for new 

surge arresters. Measured PD quantity, is well within limit for all the new surge arresters. Value of 

capacitance and tan δ does not indicate any abnormalities. The data base of various components of measured 

leakage current before and after ageing have been created for surge arresters. It can be seen that performance 

of GLSA degrades due to ageing. As a result, leakage current flowing through the GLSA increased 

significantly and hence watt loss in GLSA is also increased. Higher power loss increases the temperature of 

GLSA. While analysis of leakage current of GLSA it is observed that resistive components, third harmonics 

component of resistive current and fifth harmonics component of resistive current increased significantly. 

The value of PD quantity is also increased with increased in leakage current. The value of capacitance 

remains almost same however marginal increase in value of tan δ. After ageing maximum variation is 

observed in the IR, third harmonic component of resistive leakage current and fifth harmonic component of 

resistive leakage current. In this paper, new criteria based on harmonic ratios of measured leakage current 

have been proposed to identify surge arrester healthiness. As improved health indicator of surge arresters 

ratios of IT, IR, third harmonic component of resistive leakage current and fifth harmonic component of 

resistive leakage current before and after accelerated process has been computed. Finally, overall ratio of all 

current has been computed as per formula given in (4). Obtained results before and after ageing have been 

given in Tables 4 and 5 respectively.  
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Table 4. Ration of leakage current  
Ratio Current component of GLSA  

Ra Resistive leakage current/total leakage current (IR/IT) 
Rb Third harmonic resistive leakage current/total leakage current (IR3rd /IT) 

Rc Fifth harmonic resistive leakage current/total leakage current (IR5th/IT) 

Rd Third harmonic resistive leakage current/resistive leakage current (IR3rd /IR) 
Re Fifth harmonic resistive leakage current/resistive leakage current IR5th/IR 

Rf Fifth harmonic resistive leakage current/3rd harmonic resistive leakage current IR5th/IR3rd) 

 

 

Table 5. Ratio of leakage current components of GLSA 

Ratio 
Before accelerated ageing After accelerated ageing 

9 kV 18 kV 30 kV 9 kV 18 kV 30 kV 

Ra 0.333 0.277 0.335 0.421 0.469 0.467 
Rb 0.107 0.114 0.113 0.215 0.206 0.164 

Rc 0.033 0.035 0.032 0.068 0.066 0.050 

Rd 0.320 0.412 0.337 0.511 0.440 0.351 

Re 0.098 0.128 0.095 0.161 0.141 0.107 

Rf 0.306 0.310 0.281 0.316 0.321 0.305 

R 0.573 0.611 0.572 0.784 0.764 0.689 

 
 

From the computed ratios of various current components it can be seen that the maximum ratio 

computed for IR to IT flowing through the surge arresters. The ratio of IR to IT (Ra) obtained from 0.277 to 0.335 

before ageing process and after ageing this ratio increased 0.421 to 0.469. Similarly ratio of IR3rd to IT (Rb) 

obtained from 0.107 to 0.114 before ageing process and after ageing this ratio increased 0.206 to 0.215. The 

ratio of IR5th to IT (Rc) obtained from 0.032 to 0.035 before ageing process and after ageing this ratio increased 

0.050 to 0.068. The ratio of IR3rd to IR (Rd) obtained from 0.32 to 0.412 before ageing process and after ageing 

this ratio increased 0.351 to 0.511. The ratio of IR5th to IR (Re) obtained from 0.095 to 0.128 before ageing 

process and after ageing this ratio increased 0.107 to 0.161. The ratio of IR5th to IR3rd (Rf) obtained from 0.281 to 

0.310 before ageing process and after ageing this ratio increased 0.305 to 0.316. The comparison of ratios of 

current components for 9 kV, 18 kV, and 30 kV GLSAs have been given in Figures 8-10 respectively. 
  

 

 
 

Figure 8. Comparison of ratio of leakage current components for 9 kV GLSA 
 

 

 
 

Figure 9. Comparison of ratio of leakage current components for 18 kV GLSA 
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Figure 10. Comparison of ratio of leakage current components for 30 kV GLSA  

 

 

The overall computed ratios (Ri) before ageing observed 0.573, 0.611, and 0.572 for 9 kV, 18 kV, 

and 30 kV GLSA respectively. After ageing overall Ri observed 0.784, 0.764, and 0.689 for 9 kV, 18 kV, and 

30 kV GLSA respectively. Variation in overall current ratio has been shown in Figure 11.  
 

 

 
 

Figure 11. Variation in current ratios 
 
 

The ratio of IR to IT (Ra) increased by 26.2%, 69.2%, and 39.4% for 9 kV, 18 kV, and 30 kV GLSA 

respectively. Ratio of IR3rd to IT (Rb) increased by 101.9%, 80.6%, and 45.2% for 9 kV, 18 kV, and 30 kV 

GLSA respectively. The ratio of IR5th to IT (Rc) increased by 108.4%, 87%, and 57.3% for 9 kV, 18 kV, and 

30 kV GLSA respectively. The ratio of IR3rd to IR (Rd) increased by 59.9%, 6.8%, and 4.2% for 9 kV,  

18 kV, and 30 kV GLSA respectively. The ratio of IR5th to IR (Re) increased by 65.1%, 10.5%, and 12.8% for 

9 kV, 18 kV, and 30 kV GLSA respectively. The ratio of IR5th to IR3rd (Rf) increased by 3.3%, 3.5%, and 8.5% 

for 9 kV, 18 kV, and 30 kV GLSA respectively. The maximum variation is observed in ratios of IR3rd to IT 

and IR5th to IT.% variation has been shown in Table 6 and comparison has been shown in Figure 12. 
 

 

Table 6. Variation in current ratios 

Ratio 
% Variation 

9 kV GLSA 18 kV GLSA  30 kV GLSA 

RA 26.2 69.2 39.4 

RB 101.9 80.6 45.2 

RC 108.4 87.0 57.3 
RD 59.9 6.8 4.2 

RE 65.1 10.5 12.8 

RF 3.3 3.5 8.3 
R 36.77 25.00 20.40 

 

 

Overall ratio (Ri) increased by 36.77% for 11 kV, 25% for 18 kV, and 20.40% for 30 kV GLSA, 

which has been shown in Figure 13. The measured partial discharges after ageing has also increased 

significantly which indicates degradation of surge arresters. The results other health monitoring parameters 

like reference voltage at reference current, tan δ, impulse residual voltage also indicates degradation of surge 

arrester. Hence, proposed techniques of criteria of ratios of various current component and overall R i can be 

used as effective tool to detect the ageing and degradation of GLSAs. 
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Figure 12. Variation in current ratios 

 

 

 
 

Figure 13. % variation in overall current ratios 

  

 

5. CONCLUSION  

In this paper novel approach based on ratios of various leakage current components has been 

proposed. New criteria have been proposed to recognize various ageing criteria of impulse current application 

along with salt fog, temperature, moisture and voltage application as per site conditions. It can be seen that 

after ageing, IT, IR, third harmonic, and fifth harmonic component of resistive leakage current increased. The 

ageing or condition of surge arresters can be determined by computing ratios of various current components. 

The value of capacitance does not indicate variation, however value of dissipation factor i.e., tan δ 

considerably increased after ageing. Proposed new method of ratios of leakage current components i.e., (IR/IT), 

(IR3rd/IT), (IR5th/IT), (IR3rd/IR), (IR5th/IR), and (IR5th/IR3rd) can be used as improved and effective method as this 

ratios increased significantly after ageing. Computation of overall ratio from various current components is 

most effective method as it includes ratios of all current components. The obtained results proves effectiveness 

of the proposed technique for online condition monitoring of GLSAs. The proposed method of ratios of 

various leakage current component is also validate by offline condition monitoring techniques, hence this new 

proposed technique is useful tool to determine the health of surge arresters. In this research supply voltage 

used are pure sinewave without harmonics hence effects of supply harmonics on various current components 

ratios has not been considered. This deficiency can be considered for further scope of research. 

 

 

ACKNOWLEDGEMENTS 

The authors wish to thank Department of Electrical Engineering, CSPIT, Charotar University of 

Science and Technology, Changa, India for their support for publication of this paper. Authors also wish to 

thank the Management of Electrical Research and Development Association (ERDA), Vadodara – India for 

permission to publish this paper. 

  

 

FUNDING INFORMATION  

Authors state there is no funding involved. 

 

 

26.2

101.9 108.4

59.9 65.1

3.3

69.2 80.6
87.0

6.8 10.5 3.5
39.4 45.2 57.3

4.2
12.8 8.3

0.0

50.0

100.0

150.0

Ra Rb Rc Rd Re Rf

%
 V

ar
ia

ti
o

n

Ratio of various current components 

9 kV GLSA 18 kV GLSA 30 kV GLSA

36.77

25
20.4

0

10

20

30

40

9 kV 18 kV 30 kV

%
 V

ar
ia

ti
o

n
 

Rating of GLSA

% Variation in overall current Ratio



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Advance technique for online condition monitoring of surge arresters (Anil S. Khopkar) 

2535 

AUTHOR CONTRIBUTIONS STATEMENT  

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Anil S. Khopkar  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ 

Kartik S. Pandya  ✓    ✓  ✓  ✓  ✓   

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

Authors state no conflict of interest. 

 

 

INFORMED CONSENT  

We have obtained informed consent from all individuals included in this study. 

  

 

DATA AVAILABILITY 

Data availability is not applicable to this paper as no new data were created or analyzed in this 

study. 

  

 

REFERENCES 
[1] J. J. Burke, V. Varneckas, E. A. Chebli, and G. Hoskey, “Application of MOV and gapped arresters on noneffectively grounded 

distribution systems,” IEEE Transactions on Power Delivery, vol. 6, pp. 794–800, 1991, doi: 10.1109/61.131137. 

[2] J. C. Das, “Effects of medium voltage capacitor bank switching surges in an industrial distribution system,” in Proceedings of the 
1992 IEEE Industrial and Commercial Power Systems Technical Conference, Pittsburgh, PA, USA, May 1992, pp. 57–64, doi: 

10.1109/ICPS.1992.163386. 

[3] S. A. Halim, A. Mohamed, N. A. M. Kamari, A. Ayob, A. H. A. Bakar, and H. A. Illias, “Optimisation of zinc oxide surge 
arrester design using gravitational search algorithm and imperialist competitive algorithm,” Indonesian Journal of Electrical 

Engineering and Computer Science, vol. 13, no. 3, pp. 853–860, Mar. 2019, doi: 10.11591/ijeecs.v13.i3.pp853-860. 

[4] P. Bokaro and I. Jandrell, “Failure analysis of metal oxide arresters under harmonic distortion,” South African Institute of 
Electrical Engineers, vol. 107, pp. 167–176, Sep. 2016, doi: 10.23919/SAIEE.2016.8532240. 

[5] T. Taskin, “Introduction of a measurement system to monitor the condition of ZnO surge arresters,” in Proceedings of the 2000 

IEEE Power Engineering Society Winter Meeting, 2000, pp. 1553–1557, doi: 10.1109/PESW.2000.847573. 
[6] A. Munir, Z. Abdul-Malek, and R. N. Arshad, “Resistive component extraction of leakage current in metal oxide surge arrester: A 

hybrid method,” Measurement, vol. 173, 108588, 2021, doi: 10.1016/j.measurement.2020.108588. 
[7] A. Munir, Z. Abdul-Malek, U. Sultana, and R. N. Arshad, “A novel technique for condition monitoring of metal oxide surge 

arrester based on fifth harmonic resistive current,” Electric Power Systems Research, vol. 202, 2022, doi: 

10.1016/j.epsr.2021.107576. 
[8] Surge Arresters – Selection and Application Recommendation, IEC Standard 60099-5, 2018. [Online]. Available: 

https://webstore.iec.ch/en/publication/33842. (Date accessed: Feb. 2, 2023). 

[9] A. Bendakir, A. Bayadi, and D. Dib, “Towards the prospection of an optimal thermal response of ZnO surge arrester in HV power 
system,” International Journal of Electrical and Computer Engineering, vol. 11, no. 3, pp. 1865–1875, Jun. 2021, doi: 

10.11591/ijece.v11i3.pp1865-1875. 

[10] Surge Arresters – Metal oxide surge arresters without gaps for a.c. systems, IEC Standard 60099-4, 2014. [Online]. Available: 
https://webstore.iec.ch/en/publication/735. (Date accessed: Feb. 2, 2023). 

[11] A. Munir, Z. Abdul-Malek, and R. N. Arshad, “Resistive leakage current based condition assessment of zinc oxide surge arrester: 

A review,” in Proceedings of the 13th International Conference on the Properties and Applications of Dielectric Materials 
(ICPADM), IEEE, 2021, pp. 183–186, doi: 10.1109/ICPADM49635.2021.9493979. 

[12] A. Rajbar, A. Darvishi, R. Dashti, and H. R. Shaker, “A survey of diagnostic and condition monitoring of metal oxide surge 

arrester in the power distribution network,” Energies, vol. 15, no. 21, 8091, 2022, doi: 10.3390/en15218091. 
[13] G. Dobric, Z. Stojkovic, and Z. Stojanovic, “Experimental verification of monitoring techniques for metal-oxide surge arrester,” 

IET Generation, Transmission & Distribution, vol. 14, no. 6, pp. 1021–1030, 2020, doi: 10.1049/iet-gtd.2019.1398. 

[14] W. Doorsamy and P. Bokaro, “Online monitoring of metal-oxide surge arresters using improved equivalent model with 
evolutionary optimization algorithm,” in Proceedings of the 2017 IEEE International Symposium on Industrial Electronics (ISIE), 

pp. 135–139, doi: 10.1109/ISIE.2017.8001236. 

[15] P. Bokoro, M. Hove, and I. Jandrell, “Statistical analysis of MOV leakage current under distorted supply voltage conditions,” in 
IEEE Electrical Insulation Conference, Philadelphia, USA, Jun. 2014, doi: 10.1109/EIC.2014.6869437. 

https://webstore.iec.ch/en/publication/33842
https://webstore.iec.ch/en/publication/735


                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 14, No. 4, August 2025: 2526-2536 

2536 

[16] M. Khodsuz, M. Mirzaie, and S. Seyyedbarzegar, “Metal oxide surge arrester condition monitoring based on analysis of leakage 

current components,” International Journal of Electrical Power and Energy Systems, vol. 66, pp. 188–193, 2015, doi: 
10.1016/j.ijepes.2014.10.052. 

[17] P. Paliński and J. Wańkowicz, “Application of leakage current parameters for technical diagnostics of surge arresters,” IEEE 

Transactions on Dielectrics and Electrical Insulation, vol. 23, no. 6, pp. 3458–3465, Dec. 2016, doi: 10.1109/TDEI.2016.005873. 
[18] M. Khodsuz and M. Mirzaie, “Harmonic ratios of resistive leakage current as metal oxide surge arresters diagnostic tools,” 

Measurement, vol. 70, pp. 148–155, 2015, doi: 10.1016/j.measurement.2015.03.048. 

[19] M. Khodsuz and M. Mirzaie, “Monitoring and identification of metal-oxide surge arrester conditions using multi-layer support 
vector machine,” IET Generation, Transmission & Distribution, vol. 15, no. 16, pp. 2501–2508, 2015, doi: 10.1049/iet-

gtd.2015.064. 

[20] Z. N. Stojanović and Z. M. Stojković, “Evaluation of MOSA condition using leakage current method,” International Journal of 
Electrical Power and Energy Systems, vol. 52, pp. 87–95, 2013, doi: 10.1016/j.ijepes.2013.03.027. 

[21] A. Christodoulou, M. V. Avgerinos, L. Ekonomou, I. F. Gonos, and I. A. Stathopulos, “Measurement of the resistive leakage 

current in surge arresters under artificial rain test and impulse voltage subjection,” IET Science, Measurement & Technology, vol. 
3, pp. 256–262, 2009, doi: 10.1049/iet-smt:20080123. 

[22] Z. Abdul-Malek, A. Khavari, C. Wool, M. Moradi, and A. Naderipour, “A review of modeling ageing behavior and condition 

monitoring of zinc oxide surge arrester,” in Proceedings of the IEEE Student Conference on Research and Development 
(SCOReD), 2015, pp. 733–738, doi: 10.1109/SCORED.2015.7449435. 

[23] G. Dobric, Z. Stojanovic, and Z. Stojkovic, “The application of genetic algorithm in diagnostics of metal oxide surge arrester,” 

Electric Power Systems Research, vol. 119, pp. 76–82, 2015, doi: 10.1016/j.epsr.2014.09.009. 
[24] A. B. Abb, High Voltage Surge Arresters-Buyer's Guide, Ludvika, Sweden, Jun. 2009, [Online]. Available: 

https://www.powerandcables.com/wp-content/uploads/2018/06/High-Voltage-Surge-Arresters-ABB-Buyers-Guide.pdf. (Date 

accessed: Oct. 18, 2022). 
[25] S. Das, R. Ghosh, S. Dalai, and B. Chatterjee, “Study of the effect of moisture ingression into metal oxide surge arrester using 

leakage current analysis,” in Proceedings of the 2017 International Conference on Condition Assessment Techniques in Electrical 
Systems (CATCON), 2017, doi: 10.1109/CATCON.2017.8280239. 

  

    

BIOGRAPHIES OF AUTHORS 

 

 

Anil S. Khopkar     is working as “Asst. Director and Head of Division – R&D and 

Expert Services at Electrical Research and Development Association (ERDA), Vadodara. He 

is responsible for various research activities and technology development in areas of power 

systems, renewable energy, product development and advanced materials in field of electrical 

engineering. He also headed, High voltage Impulse laboratory, Extra High Voltage Partial 

Discharge Laboratory, Cable Laboratory, Instrument Transformer Laboratory, Transformer 

Laboratory as well as calibration laboratory. He has established various test laboratory like, 

HV Impulse, HV PD lab, and Transformer test laboratory. He is member of BIS technical 

committee of India for High Voltage Testing techniques (ETD 19) and chairman of BIS 

technical committee of India for Surge Arrester (ETD 30). He is also a member of IEC 

Technical committee “TC 99/JWG 13 – Insulation co-ordination for HVDC System”. He is 

pursuing his Ph.D. from “Charotar University of Science and Technology (Charusat)” CSPIT, 

Changa, Gujarat, India. He can be contacted at email: anil.khopkar@erda.org. 

  

 

Dr. Kartik S. Pandya     is working as “Professor” in Electrical Engineering 

Department at Parul Institute of Engineering and Technology (PIET), Parul University, India. 

His research area includes computational intelligence methods, power system optimization, 

smart grid, and renewable integrations. He can be contacted at email: 

kartik.pandya30364@paruluniversity.ac.in. 

 

  

mailto:anil.khopkar@erda.org
mailto:kartik.pandya30364@paruluniversity.ac.in
https://orcid.org/0009-0006-5309-3388
https://www.scopus.com/authid/detail.uri?authorId=59332564700
https://orcid.org/0000-0002-0155-000X
https://scholar.google.com/citations?user=8Gn-6QoAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=14030378500

