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Abstract: Surge arresters are installed on transmission and distribution lines in substations between phase and 

earth in order to improve the lightning performance and reduce the failure rates. High voltage metal oxide surge 

arresters have proven to be extremely reliable devices within the Electrical transmission and distribution 

systems. The measurement and the harmonic analysis of the resistive Leakage current present is an efficient 

parameter for determining the degradation level of metal oxide surge arresters. In this paper, the methodology 

and results of a circuit for measuring the resistive leakage current in metal oxide surge arresters is described. 

This circuit placed below the Surge arrester. Earthen cable from the Surge arrester is passing through the highly 

accurate CT which is placed in the instrument. The analysis of the produced results can be useful in correct 

diagnosis of arresters condition and in more effective schedule maintenance, if the result is continuously increase 

in the resistive leakage current then the surge arresters have to replace.     
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1 Introduction 

SURGE arresters are used to protect the insulation 

of power apparatus in electric power systems. 

Overvoltages are generated in a power system by 

atmospheric discharges or switching operations. 

Surge arresters connected to the equipment terminals 

prevent the overvoltages from being applied to the 

equipment insulation. The arrester consists of a stack 

of nonlinear resistive blocks known as varistors. The 

stack is placed inside a sealed polymeric or porcelain 

housing so that it is not affected by moisture or 

pollution. The housing provides the external 

insulation for the varistor stack and allows the 

outdoor installation of the surge arrester. Polymeric 

housing provides better sealing of the varistor stack. 

ZnO surge arresters are connected directly between 

lines and ground in transmission system without 

series gaps. Consequently, a small leakage current 

flows continuously to ground in these arresters. [1] 

Surge arresters are in a degradation process 

when they are continuously stressed with high 

voltages applied to their terminals. This is the leakage 

current from the arresters. The main factors for 

degradation of surge arresters are high operating 

voltages (this is due to lightning or faulty switching), 

high impulse current discharges, long duration 

discharges, chemical reactions involving the 

atmosphere that is entry and increase of moisture in 

ZNO surge arresters. The commonly used processes 

to define the degradation of surge arresters are 

measurements of insulation Resistance, dielectric 

losses of Arresters , leakage current through arresters , 

Abrupt change in current , non linear characteristics 

on ZNO varister blocks and Harmonic decomposition 

of the Resistive leakage current. Degradation of 

arresters is the sign of increase the resistive 

component of leakage current. The resultant is that the 

drastically increase in 3
rd  

harmonics component of 

resistive leakage current. So the analysis of the third 

order harmonics component leakage current is 

efficient method for health monitoring of ZNO surge 

arresters. 

Leakage Current of Surge Arresters 
At the normal condition of arresters that is new 

arresters or arresters under the five years from the 

installation, leakage current is up to 25 uA. Under the 

normal operation this small leakage current flows 

through the surge arresters to the ground. At the point 

of high power voltage that is lightning condition or 

incorrect switching surge is incident at the arresters 

terminals. Resistance drops to a low value and large 

current flows through the arrester. This leakage 

current is drain from the arresters. After draining the 

surge energy arrester return to its non linear condition. 

At the normal condition arresters works as the 

insulator and at the high voltage it works as 

conductor. It is very fast working electronic switch, 

works as open switch to standard system AC voltage 

and close switch to the lightning voltage. [2] 

Fig. 1 shows the equivalent circuit model of a 

ZnO varistor. In this circuit, Resister and capacitor are 

in parallel combination, the leakage current flows 

from the resister as well as the capacitor .which is 

known as resistive leakage current and capacitive 

leakage current. Leakage current of the ZnO arrester 

may be decomposed into a (linear) capacitive part and 

a (nonlinear) resistive part. 
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Fig 1:Electrical equivalent circuit of ZnO arresters 

 

The resistive component of the leakage current 

is responsible for the losses and for the ageing of the 

ZnO blocks. Under normal operating conditions, the 

resistive component is orders of magnitude less than 

the capacitive component. Ageing of the ZnO blocks 

gives rise to a gradual increase in the resistive 

component. A stage could be reached when higher 

resistive component of the leakage current, increased 

losses and ageing of the ZnO block. [3] 

 

Important Definitions 
 

1. Arrester discharge current:  
The current that flows through an arrester resulting 

from an impinging surge.  

 

2. Arrester discharge voltage: 
The voltage that appears across the terminals of an 

arrester during the passage of discharge current  

 

3. Lightning overvoltage: 
The crest voltage appearing across an arrester or 

insulation caused by a lightning surge.  

 

4. Rated Voltage : 
The rated voltage is the maximum power voltage that 

is applied in the operating duty cycle test for 10 

seconds. 

 

Methods of conditions monitoring of 

Surge Arresters 

Various techniques are available for the health 

monitoring of Las in service. Some of the techniques 

are mentioned below: 

 

A. Insulation Resistance measurement- 
 

Presently, the health of an SA provided for Railway 

applications is monitored by periodically measuring 

the Insulation Resistance (IR) by using 1000V meggar 

(Electrical test equipment). Usually, the allowable 

range of IR value for SA should not be less than 1000 

Mega Ohms. The measurement of IR value of an SA 

apparently gives an indication of degradation due to 

entering of moisture. In addition to this, some of the 

high voltage SAs are provided with an Ammeter 

connected in series to indicate the total leakage 

current flowing through the SA. The measurement of 

Insulation Resistance of SA does not provide any 

significant information about the health/degradation 

of metal oxide elements while in service.so, 

practically there is no real time system for monitoring 

the health of LAs exists on Indian Railways. 

 

B. Significance of leakage current 

flowing through LA 
 

In normal service, the Metal Oxide Surge Arrestors 

are impacted with different kinds of stresses such as 

the normal operating voltage, overvoltage due to 

improper switching, temporary overvoltage, external 

lightning and the environmental conditions. All these 

stresses, separately or together in different 

combinations, may cause an increase in the resistive 

component of the continuous leakage current through 

the arrester. Thus, the measurement of leakage current 

flowing through Surge arresters at the normal 

condition it gives the information about the actual 

operating condition of surge arresters. This 

information will help us in the following way, [4] 

 Prevent the failure of surge arresters by 

replacing arresters before breakdown.  

 Avoid disturbances due to the breakdown of 

arresters in the electric power supply.  

 Increase the safety and reduce safety for the 

substations equipment’s like Circuit 

Breakers, Current transformers, power 

transformers and switches.  

 It also safer to the maintenance staff of 

substation. 

 

 

C. Importance of monitoring of 

Resistive leakage current 
 

As discussed above in the significance of leakage 

current through surge arrester, and measurement of 

total leakage current flowing through the surge 

arresters is one of the health monitoring technique. 

But the total leakage current measurement does not 

indicate the severity of degradation of Zinc Oxide 

elements as the resistive current is only 15-25% of the 

total leakage current. Hence the sharp increase in the 

resistive current with seconds of time will not affected 

on the degradation of arresters. But the continuously 

effect on the SA and continuously increase in the 

resistive current with the periodical measurement then 

the arresters are not in proper condition. Ageing of 

arrester is not effect on the increase in total leakage 

current. The higher resistive leakage current caused 
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for thermal instability of surge arresters and it resulted 

in complete failure or breakdown of surge arrester. 
Hence, the resistive leakage current is the true 

indicator of health of surge arrester in service. [5] 

 

D. Impact of temperature and operating 

voltage  

 
Actual temperature at the measuring time and the 

current operating voltage is important for the accurate 

measurement of resistive current. Thus, uncorrected 

leakage current data should not be trusted to give true 

information about the arrester condition. So it is most 

important that the temperature and the operating 

voltage can be calculate at the same time. 

 

 

E. Third harmonic resistive leakage 

current  

 
Voltage-current characteristics of a typical metal 

oxide surge arrester when a sinusoidal voltage is 

applied is shown in the following figure. 

 
Fig2: V-I characteristics of ZnO surge arresters 

 

The non-linear characteristics of Zinc Oxide blocks, 

then introduce a third harmonic resistive current in the 

leakage current. This current component is therefore 

generated by the arrester itself and will be an indicator 

of changes in the non-linear characteristics of Zinc 

Oxide blocks for a period of time due to ageing. The 

resistive current consists of fundamental, third 

harmonic, fifth harmonic and seventh harmonic 

components. The harmonic contents depend on the 

magnitude of the resistive current and on the degree 

of non-linearity of the voltage current characteristics 

of zinc oxide blocks. Further, the harmonic contents 

also are the function of temperature of LA. The third 

harmonic is the largest harmonic contents of the 

resistive current and most commonly used for 

monitoring purposes. 

Thus, from all above information, it is necessary that 

a measurement of third harmonic resistive current 

regularly. Compensated for third harmonics present in 

the system be made for monitoring the health of Surge 

arresters.it is not only the measurement of third 

harmonic resistive current for one time, but also a 

data base for this resistive leakage current are to be 

built up for monitoring the periodical changes due to 

normal and abnormal ageing phenomena. Periodically 

testing of arresters is important. If there is increase 

previous and present testing then the periodicity of the 

testing is have to increase. If there is continuous 

increase in the resistive leakage current then is 

resulted that the arrester is faulty. Sudden rise in third 

harmonic resistive current or very high value of third 

harmonic resistive current indicates degradation of 

Zinc Oxide blocks and calls for a corrective actions 

required to be taken in advance in order to prevent a 

catastrophic failure of SA. So it is recommended that 

go for a periodical measurement of third harmonic 

resistive leakage current through Surge arresters. 

Leakage current measurement at 

laboratory  

In the voltage peak method, which is used to measure 

the resistive current this resistive current depends on 

using a reference signal which represents the applied 

voltage to the arrester. This signal can be used for 

measurement of resistive component in the leakage 

current at the instance of voltage peak. This means, 

the value of current in the current signal, when 

reference voltage signal is at peak is the actual 

resistive current. 

 

 
Fig3: Leakage current of non-linear metal oxide arresters 

at laboratory conditions 

  

This method is used in laboratory or in GIS for 

accurate measurement of resistive leakage current. 

Here the reference voltage is 110V AC signal. 

Reference signal is given to the Phase of which the 

Surge arresters is under testing. Test is given and 

measure the peak value by using the voltage peak 

detector circuit. The CT is inserted in the Earthing 

path of surge arresters. The current through the 

Earthing path and reference voltage peaks are 

sampled at high frequency for one complete cycle. 

The current at the voltage peak is calculated. Like 

this, several cycles are sampled and average of 

calculated resistive current is displayed. It is most 

important that the leakage signal from the CT and the 
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reference signal starts at the same time. Generally it is 

difficult in the substation to get the reference signal 

near the surge Arrester .so the method is used in 

laboratory only.  

 

Conclusion 
As clarified before, Surge Arresters or Lightning 

Arrester is one of the most vital devices used to 

protect the power equipment’s such as transformers, 

Circuit Breakers, switches, voltage transformers, That 

is all the equipment’s used in power transmission and 

distribution system at the substation. Consequently, it 

is very basic that health or condition of the Surge 

Arresters is important. Sub-Stations is to be 

monitored at a regular interval by measuring third 

harmonic resistive leakage current with the help of 

measuring instruments. Further, a database for the 

third harmonic resistive leakage current for all the 

Arrester is to be developed and analyzed. If the value 

is continuously increasing then the arrester is faulty is 

prove. 

The major reasons that the identification of the surge 

arresters are failed that, 

 Entry of moisture through sealing 

 Flash overs of Zinc Oxide blocks 

 Degradation of Zinc Oxide blocks due to 

manufacturing defects. 

 Accelerated ageing is also the manufacturing 

defect   

On the all above discussion the period of the health 

monitoring of surge arresters in service is suggested 

in the following table.  

 

Action Periodicity 

Cleaning of Surge Arrester 

housing 

 

-Every Year 

- Before monsoon    and 

rainy season 

Measurement of Insulation 

Resistance (IR) Value of 
Surge Arrester by using 1000 

V meggar – usually IR value 

should not be less than 1000 

M.Ohms.  
 

- Every six months. 

Leakage current and the 
resistive leakage current 

measurement for decision of 

condition of arresters. 

-Necessary to measure in 
every month. 

 

-If there is continuous 

increase in IR current then 
the periodicity is increase. 

 

- tests results are to be 

regularly updated 
 

Decision to Replace the Surge  
arresters  

-depends on the IR testing 
report 
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