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ABSTRACT: This paper presents a method to determine minimum leakage current for dry band formation under 

polluted condition. Investigation on insulators in the field provides much genuine information about insulator 

performance.  Nevertheless, the influence of different factors on insulator performance, such as deposition of 

contaminants and time variations of the surface properties after contamination, cannot be systematically analyzed 

because of the uncontrolled conditions in the field.  Thus, artificial pollution tests are usually performed under 

laboratory conditions in order to complete the information collected from field investigation.  In the present work a study 

of leakage current (LC) was carried out on three disc insulators. 
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I. INTRODUCTION: Insulator design for voltages of 230KV and below is largely dependent on lightning 
produced surges where as for 345KV and above, it is dependent on switching surges. Regardless of the 
voltage class, in locations where contamination is a serious problem, insulator design is determined by 
required contamination performance.  

 
Leakage current(LC) cusses heating of electrolytic layer. A power dissipation which is a function of current 
density is higher in narrow parts of the insulator. (pin, shank) water is evaporated in this region forming small 
annular bands called dry bands, this  causes a significant change the voltage distribution along t he insulators. 
The bulk of voltage now appears across the narrow bands consequently the electric stress across the dry bands 
is higher then the with stand value of dry band causing an arc to develop across the band. The arc current is 
limited by the resistance of the surface layer in series with the dry band. 
 
II. LEAKAGE CURRENT (LC) MEASUREMENT ON DISC INSULATORS: Investigation on 
insulators in the field provides much genuine information about insulator performance.  Nevertheless, the 
influence of different factors on insulator performance, such as deposition of contaminants and time variations 
of the surface properties after contamination, cannot be systematically analyzed because of the uncontrolled 
conditions in the field.  Thus, artificial pollution tests are usually performed under laboratory conditions in 
order to complete the information collected from field investigation.  In the present work a study of leakage 
current (LC) was carried out on three disc insulators. 
 
III. DETAILS OF THE TESTING CHAMBER: Leakage current measurements were performed inside a 
fog chamber.  The volume of the fog chamber was approximately 20.8 m

3
 (2.75m x 2.75m x 2.75m).  The fog 

chamber was completely covered with vinyl-sheet and provision was made for the visual observations.  A 
water boiler was located inside the fog chamber for the generation of steam.  A relative humidity level of 90% 
was achieved within 25 minutes of energizing the fog generators.  The test voltage was supplied to the 
chamber through a bushing from a high voltage transformer (0.4/60kV, 60kVA) fed from a voltage regulator 
(415V/0-415V or 470V, 200A).  The transformer parameters at 60kV on the secondary side were the 
prospective short circuit current of 20A and a ratio of resistance to reactance of 0.29.  The measuring winding 
of the transformer was calibrated using a standard potential transformer.  Figure 1 show the schematic 
diagram of the experimental setup.  
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Fig. 1 Schematic diagram of the experimental setup 

 

IV. HARDWARE DESCRIPTION: 
A leakage current (LC) data acquisition system was developed.  The system could register the time variation 
of the LC, the supply voltage and the phase shift between them.  It consisted of a protective system, a digital 
storage oscilloscope (DSO) and a personal computer as shown in Fig.2.  First, the DSO recorded the 
continuous data of the LC.  Then, using the ULTRASCOPE software the data files were created in PC.  The 
protective system protects both the DSO and the PC. 
The LCs were measured through a shunt connected in series with the test insulator.  A one ohm resistor was 
used as shunt for the measurement of LC.  The selected shunt was characterized by low inductance and was 
capable of withstanding high power impulses.  The voltage drop across the shunt passed through the 
protective system and was observed in the digital oscilloscope.  The digital oscilloscope used, was a two 
channel ScienTECH, model 9060, 60MHz with a sampling rate of 256 MS/s.  The recorded data in the 
oscilloscope were then transferred to the PC through a general purpose interface bus (GPIB) cable.   

 
Fig. 2 Leakage current data acquisition system 
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V. LEAKAGE CURRENT RECORDS: The behaviour of the LCs was studied on three porcelain disc 
insulators, the details of which are given in Table 1.  Initially the insulator was artificially contaminated by 
dipping in slurry containing 10g/l of NaCl to obtain low pollution level and 40g/l of kaolin for 10s.  After 
contamination, the LCs were continuously monitored inside the fog chamber with a constant supply voltage of 
11kV (applied within 60s) for 15 minutes.  This value of voltage was arrived at as follows: consider, 
arbitrarily, a 220kV system for which the maximum operating voltage is 245kV (line to line) i.e., 141.5kV 
line to ground.  There are usually 15, 16 or 17 insulators.  Thus, for a 16 insulator string, assuming uniform 
voltage distribution (which is believed to be true under polluted condition), each insulator will face about 
8.8kV.  However, about 15% higher voltage of 11kV is used (per insulator) to include possible slight 
nonlinearity in voltage distribution and a safety factor. A standard wire wound resistor of 1ohm (very low 
inductance) was used as the shunt with intention of collecting all LC data including flashover incident.     The 
repeatability of the LC behaviour was observed during several measuring attempts. 
 

TABLE I: Dimensional details of insulators used in this study 

Insulator 
type 

Creepage 
distance cm 

Protected 
creepage 
distance cm 

Shed 
diameter cm 

Total area 
cm

2
 

A 30.6 20 25.5 1455.94 

B 30.1 18.7 24.6 1220.82 

C 35.7 21 25.4 1736.42 

 
The ULTRASCOPE software supplied by the ScienTECH Company was used to record the 450 LC 
waveforms in the DSO for every 2s.  Using the same software the LC waveform from the DSO was 
transferred to PC in the form of data files.  A MATLAB program was written to plot the graphs of LC 
waveforms in time domain.  The experiments were also conducted for 50g/l and 100g/l of NaCl to simulate 
the medium and heavy pollution levels respectively keeping the kaolin content as above.  The ESDD was 
measured after each experiment.  
The above procedure was repeated for the other two insulators. The variation of LC as a function of time for 
different   ESDDs after a voltage of 11kv was applied within 60s. 
During the experiments, the currents were quite low but sometimes their levels increased showing dry band 
arcing activity.  Finally a flashover took place after a couple of minutes; one example of such an event s 
shown in Fig. 3      

 
Fig. 3 Type C insulator Variation of Leakage Current as function of time 
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Fig 4 Variation of leakage current as function of time (Type C insulator) 

 
VI. MEASUREMENT OF CONTAMINATION SEVERITY 
Contamination severity on the surface of insulators can be given in terms of ESDD as explained earlier.  The 
measurement of ESDD in case of porcelain and glass has been standardized in the International 
Electrotechnical Commission (IEC) document 507 (IEC60507).  
 ESDD is measured by dissolving the contaminants on the surface of the insulators, in deionized water and 
then measuring the conductivity of the water.  The ESDD is then calculated using the following formula  
 

  20120    b                 (1.1) 

 
where 

 is the solution temperature in 
o
C 

 is the volume conductivity at a temperature of  
o
C (S/m) 

20 is the volume conductivity at a temperature of 20 
o
C (S/m) 

b is the factor depending on temperature  as given by the equation  

)(10629.80008.00353.0 206 Cinxb o      (1.2) 

The salinity Sa (kg/m
3
) of the suspension is determined, when 20 is within the range 0.004-0.4 S/m, by the use 

of the following equation: 

  303.1

20 /7.5 mkgSa                               (1.3) 

The Equivalent Salt Deposit Density (ESDD)  in mg/cm
2
 is then obtained by the equation given by,  

2/cmmg
A

VS
ESDD a                 (1.4) 

where, V is the volume of the suspension (cm
3
) and 

 A is the area of the cleaned surface (cm
2
) 

This method was observed to be good for measuring ESDD for porcelain and glass insulators, as these are 
completely wettable  

 
VII. DRYBAND FORMATION: It was observed from the test results that the leakage current built up to 
tens to hundreds of mill amperes and lasted for several seconds.  During this time the energy was continuously 
supplied to the wet pollutant surface and led to the formation of the dry band.  The energy required to form the 
dry band was calculated by a numerical integration as, 
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Energy required to form the dry band =  dttIV )(    (1.5) 

Since the voltage was kept constant during the test, the integration of I(t)dt equals the area under the curve 
representing the dry band formation.  This energy was calculated from the current records for different 
ESDDs.  Table 2 presents the summary of experimental results obtained. 
 

TABLE 2 : Summary of experimental results  

Type of 
insulator 

ESDD in 
mg/cm

2
 

Current in 
mA 

Dry band energy in kW-s 
for 120 s 

Imax Imin 

A 

0.0344 25 2.5 22.77 

0.2408 150 1.0 51.19 
0.5975 280 2.0 81.67 

B 

0.052 37 12 39.19 
0.0595 100 9.0 48.18 

0.2132 150 2.0 52.88 

0.5066 500 1.0 206.7 

C 

0.025 25 2.0 15.18 

0.0331 35 0.7 18.00 
0.2285 170 1.0 75.00 

0.2543 300 2.0 79.6 
0.4354 639 2.0 176.0 
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Fig.4 Energy required to form the dry band for different ESDD 

 
Figure 4 gives the relation between the energy dissipated in the pollution layer on the insulator till the dry 
band formation for different ESDD.   It is observed that, with increase in the ESDD, the amount of salt in the 
layer increases leading to more absorption of water vapor.  The energy required to evaporate the water till the 
dry band formation increases[3]. 
When the voltage was applied to the insulator, the leakage current rises suddenly to high value as shown in the 
figure 3.  After a certain time it drops to a very small value.  During current increase, the temperature of the 
insulator rises and reaches its maximum value forming the dry band.  This stage is known as the heating stage.  
The decrease of leakage current to a small value, gives a chance for insulator surface to be cooled and it 
absorbs an amount of water vapor.  The temperature variation of the insulator can be divided into two stages 
viz., a heating stage which is followed by a cooling stage.  In the heating stage the temperature increases to its 
maximum value, where as during the cooling stage it decreases. 
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VIII. CONCLUSION: When voltage was applied to the insulator, the LC rises suddenly to high value 
accompanied by rise in temperature and resulting in the formation of dry band. The temp variation of the 
insulator can be divided in to two stages viz., heating stage and cooling stage    
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