
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 04, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1042 

 Methods to Separate Resistive Leakage Current of ZNO Surge Arrester 

Koli Pradnya Pramod1 Dr. Uttam L. Bomble2  
1Student 2Associate Professor 

1Department of Electronics Engineering 2Department of Technology 
1,2Shivaji University, Kolhapur (416004) Maharashtra, India

Abstract— In recent years the heavy transmission of power 

leads to destruction of surge arrester because of leakage 

current. This is the main problem that is being faced in power 

transmission sectors. Over voltages in power system may 

occur due to lightning, fault or switching operation. These 

over voltages could reach dangerous amplitudes for power 

system apparatus. Due to continuous passing the leakage 

current through the arrester they get weakened and rigorously 

blast. This can be dangerous for other equipments places at 

the substation like transformer and switches. To overcome 

this problem monitoring of surge arrester is important. 

Arresters are made up of the Zink oxide (metal oxide). We 

discuss various methods for measurement of leakage current 

through the arresters, simple but accurate method to 

separating the resistive leakage current from the total leakage 

current. In this method did not require the voltage 

measurement.  The method based on the cancellation of 

capacitive leakage current from the total leakage current. A 

new method introduced which is based on harmonic analysis 

of leakage current. 

Key words: Capacitive current, metal oxide leakage current, 
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I. INTRODUCTION 

In the last few years the new type of high voltage surge 

arresters of metal oxide type became more importance in high 

voltage installations. The reason is that, compared with the 

classic SiC surge arrester, it has very important advantages 

such as, for instance, significant reduction in size, quick 

response for steep discharge current and superior protective 

performance. Several ways of monitoring the state of a ZnO 

surge arrester in service have been presented in the past. Most 

methods are based on measuring the leakage current in the 

ground connection of the arrester [1,2] since it is well known 

that the resistive component of the continuous leakage current 

is a good indicator of the surge arrester condition. A 

considerable increase in the continuous resistive current may 

be caused either by moisture ingress due to sealing problems, 

or by premature ageing of the ZnO varistors, in contrast to a 

transient rise in the resistive leakage current caused by a 

temporary increase in varistor temperature. The construction 

of ZnO surge arresters consist of a very simple structure. 

They basicallyConsist of an insulating housing which is made 

of porcelain or polymeric material, and the inner active 

column, composed of the ZnO varistors. The ZnO varistor 

block elements are the main component of the ZnO surge 

arrester. They provide the desired non-linear characteristics 

and present a strong relation with the temperature (low 

current range). The non-linear resistivity is an inherent bulk 

property of the composite ceramic resistor, which consists of 

mainly ZnO with relatively small amount of several additives 

of other metal oxides such as Bi2 O3, CoO2, MnO3, and Sb2O3 

[3] These additives essentially determine the electric 

properties of the block arresters element. 

Zinc oxide surge arresters should behave as an 

insulator at normal line to earth voltage. They have very high 

impedance resulting in leakage current with peak value of 

only a few mille amperes. During over voltage events the 

metal oxide surge arrester limits the voltage to an almost 

constant value, even if the discharge current increases 

extremely. This capability has been found to remain 

unchanged during its full life, but the insulation performance 

at operation voltage may subject to change [4]. However, 

under extreme condition this might lead to an increase of the 

leakage current. This change called degradation of metal 

oxide surge arrester. The third harmonic of the resistive 

leakage current is responsible to the degradation of ZnO 

surge arrester.  

Several methods of separating the resistive leakage 

current from the total leakage current of ZnO surge arrester 

have been presented in the past. This paper reviews some 

methods and proposed a new method to separate resistive  

II. LEAKAGE CURRENT IN ARRESTERS 

The performance of surge arresters depends on the insulating 

property of metal oxide (ZnO) used in arresters. The 

deterioration of the insulating property increases leakage 

current in the arresters. This leakage current depends upon 

the applied voltage and temperature at the time of 

measurement. 

The non linear characteristics of ZnO blocks used in 

arresters clamps the over voltage generated due to surge and 

lightning. In the normal application of arresters, at one end of 

arresters, voltage is applied and the other end is earthed. The 

leakage current in the arrester flows to the earth. The 

electrical equivalent circuit of the ZnO arresters is shown 

below. 

 
Fig. 1: Electrical circuit of ZnO surge arrester 

The arresters are shown in its electrical circuit; 

consist of parallel combination of resistors and capacitor. 

Thus the total leakage current is combination of resistive 

leakage current and capacitive leakage current. In its normal 

life of arrester there is very little change in capacitive current, 

whereas marginal change in the resistive current is observed 
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due to change in insulating property of arresters. The increase 

in resistive leakage current causes ether by anything moisture 

in Zno blocks or by pre matures edging of the Zno blocks. 

The resistive current is in phase with the applied voltage. So 

it generates power loss in the form of heat generation. Thus 

the leakage current in arresters is divided in to capacitive and 

resistive components. The capacitive current component is 

predominant and a resistive component is significantly 

smaller. Typically under normal service condition the pick 

capacitive leakage current is in the range of 0.2mA to 3mA. 

Generally these values do not change due to change in 

characteristic of Zno blocks. 

At given voltage and temperature the resistive 

leakage current component in arrester is very good indicator 

of changes in property of ZnO blocks. These components can 

be used as the diagnostics tool for condition monitoring if 

metal oxide arresters .the resistive leakage current of non 

linear metal oxide resistors is in the order of 5% to 20% of 

the capacitive current, corresponding to about 10uA to 600uA 

peak current. 

The resistive component under AC voltage is 

defined as the current level at the instant of voltage maximum 

(dv/dt = 0).the leakage current depends on applied voltage 

and temperature. The resistive current calculated is 

normalized to rating of arrester and 20°c temperature.  

A. Third order harmonics in the leakage current: 

When the voltage is applied to the arresters, due to non linear 

voltage current characteristics of metal oxide used in 

arresters, harmonics in the leakage current is generated. This 

harmonics components depends resistive component of 

arresters. The resistive components depend on applied 

voltage and temperature. Thus due to these resistive 

components, major increases in third order harmonic 

component is observed. The magnitude of third order 

harmonics in the leakage current can be used as indicator of 

resistive current. 

III. METHOD TO SEPARATE RESISTIVE LEAKAGE CURRENT 

A. Compensation Method: 

Compensation method [5] is the conventional monitoring 

method for separate resistive leakage current ZnO surge 

arrester. It measuring principle is based on the orthogonally 

between the resistive leakage current and the capacitive 

leakage current. It satisfied the following equations:  

Ir = It – Ic                                         (1) 

If the applied voltage is a pure sine wave, the 

capacitive current component can be written as Shown in 2. 

IcGvsh                           (2) 

Where sh v is the applied voltage, phase shifted 

forward by 900 and G = ωCp. The resistive current is in phase 

with the voltage and the capacitive component is orthogonal 

to the voltage. Therefore, these currents satisfy, 
2

 icirdt  0              (3) 

                    0 

Combining equation 1, 2 and 3, 

 
                                        

With G is the amplifier gain. So the capacitive 

component of the leakage current is set completely to get the 

resistive component. Although compensation method was 

applied in the device, but applied condition of the device is 

limited; the influences of voltage harmonic and the hysteresis 

phenomenon in the dynamic v-I characteristic of ZnO surge 

arrester are negligible. Some improvements on the 

compensation method were done. All the improvement 

method concentrated to the elimination of the voltage 

harmonic influences. The monitoring results by variable 

coefficient compensation method are satisfactory. Also, by 

multi coefficient compensation method the capacitive current 

component is removed completely from the total leakage 

current. For the capacitive current compensation method 

provided a new tool for monitoring ZnO surge arrester. All 

these methods require voltage measurement in term to obtain 

the resistive leakage current. 

B. Point of Wave Technique: 

A point of wave (POW) technique proposed by [6] suitable 

for on line condition monitoring of ZnO surge arrester. This 

technique does not rely upon harmonic analysis of the 

leakage current to obtain the resistive current. One cycle of 

the resistive current is determined by analysis of the voltage 

and leakage current wave shapes. The leakage current in the 

POW technique can be written as 

I (t) = I (t) + I (t)   = C (dV(t)/ dt) + I (t)          (5) 

Where Ic and Ir are the capacitive and resistive 

components of the leakage current respectively. Within each 

half cycle, a voltage level will occur twice except the voltage 

peak. Examining the leakage current wave shape at the times 

t1 and t2 when the voltage is equal in magnitude and polarity 

Gives 

I (t1) = I (t1) + I (t1)   = C (dV(t1)/ d(t1)) + I (t1)         (6) 

I (t2) = I (t2) + I (t2)   = C (dV(t2)/ dt2) + I (t2)           (7) 

 
Although, the result of this technique meet 

satisfaction expected, but this technique still requires voltage 

measurement. 

C. Compensation Circuit Techniques: 

Figure-2 shows the measurement circuit diagram used to 

separate the resistive leakage current and capacitive current 

from total leakage current flowing through ZnO blocks under 

power frequency ac applied voltage. [7] In figure 1C1is 

reference capacitor, R1 is the variable resistor, and R2 is the 

fix resistor. The potential difference between b and a point is 

expressed as 

Vba = Vbc + Vca = R2x (IR + jIC) + IC1xR1         (9) 
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Fig. 2: Circuit diagram of compensation technique. 

D. Shifted current method algorithm: 

One of the most common and straight forward techniques for 

extracting the resistive leakage current (LC) for the purpose 

of condition monitoring is the compensation technique [8] In 

order to extract the resistive component from the total leakage 

current, the voltage across the arrester terminals is usually 

measured and used as a reference so that, based on the phase 

difference, the capacitive current component can be 

established. The resistive component is then obtained by just 

subtracting the capacitive component from the total leakage 

current. Other techniques to discriminate the resistive leakage 

current with the need of voltage as reference for the purpose 

of arrester condition monitoring have also been reported [9] 

Traditionally, measurement of total leakage current 

in substations or other installations was easily done using 

current shunts or current transformers, but the measurement 

of applied voltage to obtain the resistive LC make these 

techniques more appropriate in the laboratory rather than 

onsite due to the difficulty of measuring the voltage. 

In this work, a new technique called the Shifted 

Current Method (SCM) is presented. This technique does not 

require knowledge of the applied voltage for the resistive 

leakage current to be obtained. The method is totally based 

on the manipulation of the total leakage current waveform. If 

the total leakage current is given by Equation 7 and the 

corresponding phase shifted (by a quarter of period) current 

by Equation 8, then the summation of these two waveforms 

can be written as Equation 12 below: 

It (t) = It cos(ωt)    (12) 

It shifted (t) = It cos [ω (t-1/4f)]           (13) 

I sum(t) = It[cos (ωt)+ cos [ω (t-1/4f)] (14) 

Where It (t) is the total leakage current, It shifted is the 

shifted total leakage current (by a quarter of period of 

waveform), and I sum is the summation of the total leakage 

current and the shifted current wave form. By signal 

manipulation technique, from this summation current, the 

capacitive component of total leakage current can be 

determined, and thereafter the resistive component of the 

leakage current can also be obtained by subtracting the 

capacitive component from the total leakage current. 

Based on the above proposed technique, the 

algorithm to separate the resistive leakage current from the 

total leakage current was built. The algorithm for the shifted 

current method could be summarized as follows. Firstly, the 

arrester total leakage current is measured, and then a new 

waveform is introduced by shifting the measured arrester 

total LC by a quarter period of its operating frequency. Next, 

both the two total leakage currents are summed together and 

their peak time determined. The amplitude of summed total 

leakage currents at time Tp, where Tp is the time 

corresponding to the peak value of the summation waveform, 

is the peak value of the resistive current. The peak time 

obtained is used to determine the peak time of the capacitive 

current component which is equal to a quarter of period 

before or after the peak time of the resistive component. The 

peak value of the capacitive component is also determined 

from the original leakage current waveform. The capacitive 

leakage current is then generated based on the peak time, the 

peak value and the frequency detected. Finally, the resistive 

leakage current is obtained by subtracting the capacitive 

leakage current from the total leakage current. The block 

diagram of the algorithm for calculating the resistive leakage 

current using the shifted current method is shown in Figure 3 

 
Fig. 3: Block diagram of the shifted current method 

algorithm 

E. Harmonics analysis of surge arrester leakage current: 

Due to the nonlinear resistance of the ZnO varistors, the 

leakage current contains harmonics when the arrester is 

energized with a sinusoidal voltage. Since the amplitudes of 

the harmonic currents increase with the resistive component 

of the leakage current, the harmonic content can be used as 

an indicator of the arresters condition. Different 

implementations of this method have been presented in the 

past: Determination of the ratio of the sum of the harmonics 

to the total leakage current [10], and measurements of the 

third-order harmonic current alone [11]. 

The presence of harmonics in the system voltage 

may, however, interfere with the harmonics generated by the 

nonlinear resistance of the surge arrester. The amount of 

harmonics in the system voltage varies with the type of load 

and with the system voltage level.  For harmonic analysis of 

the leakage current is based on a compensation technique, 

where the third order harmonic current generated by 

harmonics in the system voltage is eliminated in order to 

obtain the third-order current component generated by the 

surge arrester alone. Furthermore, a relation is established 

between the third-order harmonic of the resistive current, and 

the total resistive current.  
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Fig. 4: Total leakage current and field probe current 

at the base of a surge arrester. 

Referring to Figure 4, a third-order harmonic in The 

voltage generates a capacitive current component I3c of the 

same frequency. The contribution of this current to the total 

third-order harmonic current I3t may be significant, as 

previously discussed. If, however, the capacitive third-order 

harmonic current I3c is subtracted from the total third-order 

harmonic current I the third-order harmonic current I, 

generated the non-linear resistance of the arrest is obtained: 

I3r = I3t – I3c   (15) 

The current I3r is in the following referred to as 

the resistive third-order harmonic leakage current. The 

amplitude and phase angle of the current can be obtained by 

Fourier transformation of the tote leakage current It measured 

in the ground connection of a surge arrester, as shown in 

Figure 4. 

 Determination of the Capacitive Harmonic Current  

The capacitive third-order harmonic current I3c can 

be determined by measuring the current Ip induced in a field 

probe positioned in the electric Field surrounding the surge 

arrester. as shown in Figure 5. After Fourier transformation 

of Ip the third-order harmonic current I3p obtained.  

If the amplitude and phase angle of I3p can be related 

to I3c, the resistive third-order harmonic current I3r can be 

found 

According to Eq.15 the current I3c depends mainly 

on the third-order harmonic in the Voltage in the phase to 

which the arrester is connected and to some extent on the 

voltages in the adjacent phases by the influence of stray 

capacitances. The probe current I3p on the other hand, 

depends only on stray capacitance which means that I3p more 

influenced by the adjacent phases. 

IV. COMPARISON OF VARIOUS MEASUREMENT METHODS. 

Method Advantages Disadvantages 

Compensation 

Method 

 

Widely use this 

method at various 

substations. 

1) These methods 

require voltage 

measurement in 

term to obtain the 

resistive leakage 

current. 

 

2)not get  

accurate results 

 

Point of Wave 

Technique 

 

This method used 

for online 

condition 

monitoring 

This method also 

required voltage 

measurement for 

calculation of 

current 

Compensation 

Circuit 

Techniques 

 

This method used 

practically at 

substations 

Complicated 

method. And 

errors occurs 

while testing 

Shifted current 

method 

algorithm 

 

1) total  leakage 

which  measured 

by digital 

oscilloscope was 

calculated by 

computer based 

program for 

determination of 

the resistive 

Leakage current. 

 

2)  method did 

Not require the        

voltage 

measurement. 

Programming is 

very difficult. 

And instrument 

is not user 

friendly. 

Harmonics 

analysis of 

surge arrester 

leakage current 

 

1)using this 

method we can 

also calculate 

capacitive leakage 

current, phase 

angle, amplitude 

of capacitive 

current 

 

2) method widely 

Using currently. 

 

3) Errors can 

easily eliminate. 

Measuring 

instruments are 

costly. 

Table 1: various estimation methods and there comparisons 

for leakage current surge arrester 

V. CONCLUSION 

From the above result it can be concluded that there are 

number of methods to separate the resistive leakage current 

were reviewed and all of the method required leakage voltage 

measurement in turn to obtain resistive leakage current. The 

new method based on the cancellation capacitive leakage 

current component from total leakage current has been done 

and the method did not require the voltage measurement. 

Harmonic analysis method is suitable for the 

leakage current measurement. In this method non linear 

property of zink oxide is used and finds the third order 

harmonic current by Fourier transform. By using this method 

we also calculate. The total leakage current, resistive current, 

capacitive current, phase angle, amplitude of capacitive 

current. 

The results of the new method more accurate 

compare with the compensation method that widely using 

currently. 
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