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The influence of parameters of disk electrode with guard electrode system 

and sample on permittivity error caused by equivalent electrode area 

calculation and its correction method 

Zhiniu Xu
*
, Yi Zhang, Yijie Zhang 

Hebei Provincial Key Laboratory of Power Transmission Equipment Security Defense, North China Electric Power University, Baoding, China 

ABSTRACT: To improve the accuracy in the permittivity measurement using disk electrode with guard electrode, a 3D 

model of this type of electrode is built in Comsol software and validated. The influence of parameters of sample and disk 

electrode with guard electrode system on the permittivity error caused by equivalent electrode area calculation is 

systematically investigated. The results reveal that the permittivity errors by means of the equivalent electrode area 

presented by the IEC 60250 standard are nearly always negative. From a global perspective, the area of the guarded 

electrode is closer to the accurate equivalent electrode area than the area provided by the IEC 60250 standard. The error 

decreases with increasing sample thickness and increases with increasing sample permittivity, gap width, radius of the 

electrode corner. If the sample is thick and the permittivity is low, the error increases significantly with increasing guarded 

electrode potential. The sample radius has nothing to do with the accuracy if it is slightly larger than the inside radius of the 

guard electrode. In the normal range, the size of shielding box, the electrode location, the deviation between the guarded 

electrode and the whole electrode center, the deviation between the guard electrode and the unguarded electrode, and the 

potential of the bolt have little effect on the accuracy. Based on the model, a permittivity correction method based on 

interpolation is proposed. First, the models with different parameters of electrode system and sample, measured and real 

values of permittivity are built. Second, the relationship among parameters of electrode system and sample is obtained. 

Finally, the measured permittivity can be corrected by using the relationship and the interpolation method. The accuracy in 

the permittivity measurement is greatly improved. Because of taking potential of guarded electrode and radius of the 

electrode corner into account, the error introduced by the proposed method is less than that of the existing correction 

methods in some situations. 
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1. Introduction 

Dielectric properties [1, 2], which can be characterized by permittivity, are key electrical performance of insulating 

materials. How to accurately measure permittivity is an important problem in dielectric properties measurement for 

insulating materials. There are different methods suitable for permittivity measurement in different frequency ranges. For 

example, the parallel plate electrode method is particularly suitable for application in the range of power, radio and high 

frequencies [3, 4]. The cavity resonator method, the transmission line method and the waveguide method are designed to 

cater for application in the range of microwave frequency. The parallel plate electrode method is used most extensively in 

permittivity measurement of insulating materials [5-9]. In addition to the calculation of equivalent electrode area, the 

accuracy in permittivity measurements is mainly influenced by the contact effects of the sample with the electrode [10], 

electrical charge collected before measurement in the sample [11], intensity of the electric field in the sample, electrodes 

pressure on the sample [12], temperature and humidity [13], nonuniformity between unguarded electrode and guarded 
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