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Abstract. Pollution flashover is one of the primary reasons cause to power system failure in 

Malaysia. The presence of accumulation on the porcelain insulator surface reduces the electrical 

performance and also causes the failure of insulation in transmission and distribution lines. This 

research presents a study on the effect of Room Temperature Vulcanize (RTV) coating on the 

performances of a string porcelain insulator and their impact on environmental contamination. 

An attempt has been made to simulate the electric field distribution of 33 kV insulators using the 

finite element method (FEM). From the simulation results, the maximum electric field 

distribution is obtained at the pin insulator of a clean insulator, while the cap insulator indicated 

the minimum electric field. With the existence of the contamination layer, the electric field 

distribution of the porcelain surface results in a reduction trend. 

1. Introduction 

Nowadays, the consumption of electric energy in developing countries increases dramatically due to fast 

population growth and rapid development in economic activities. Malaysia is the most developing 

country in the Southeast Asia region, with an annual average growth rate under Eleventh Malaysia Plan 

is 6.2%, as referred to the Malaysian National Development Strategy. Electricity consumption of 

commercial sectors and residential had recorded 7559 ktoe in 2015 and contributed around 53.6% of the 

total electricity consumption. Moreover, the electricity demand for both sectors has increased up to 

53.7% for five years, which is from 2000 to 2015[1]. Hence, the power systems industries keep updating 

the information to develop long-distance transmission and high voltage [2]–[5]. For distribution and safe 

transmission of electric power, the insulator is the most critical part of power systems to prevent the 

current flow from the wire to the earth through ground supporting towers. 

Porcelain insulator was first made in China in the year 1909 and are used until today in electrical 

power application, for instance, distribution and power transmission. They also provide excellent 

insulation from the power plant to distribution lines. The selection of porcelain insulators compared to 

other types of insulators could consider as a safe decision due to material that made from raw material 
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such as clay, fillers and feldspar, which is naturally available, prevent from industrial processes materials 

and cheaper. The essential material for a porcelain insulator is clays that contain ball clay and kaolin, 

which have different chemical properties and physical depending on the geological and geophysical 

environment. Traditional porcelain formulations for hard porcelain consists of 50% clay, 25 % silica 

and 25 % flux[6]–[8]. While, soft porcelain usually consists of 25 % plastic component clay, 25 % filler 

and 50 % flux. Other than that, porcelain insulators offer some advantages such as high electrical 

stability, high mechanical strength and corrosion resistance, especially in humid or wet conditions. 

 

Figure 1. Porcelain insulator. 

From previous studies, most of the researchers found that outdoor environmental exposure, for 

instance, ultraviolet radiation (UV), contamination (salt, dust and bird secretions), rain and humidity 

contribute to porcelain insulator degradation due to chemical changes from dry band arcing and 

environmental especially in wet conditions. These contaminants allow electric field distribution of the 

insulator to become unstable, which acts as a nonlinear or highly variable resistor[9]–[11]. Thus, a path 

of leakage current is created and  heat is generated until a flashover is caused. Room Temperature 

Vulcanize (RTV) coating has been chosen as the most alternative way to recover electrical power 

insulation performances in ceramic insulator due to excellent hydrophobicity, excellent electrical 

insulation properties, excellent self-cleaning and water resistance and excellent arc resistance for 

preventing insulator surface from contamination. It has been proven that the coating reduces the number 

of flashover voltages and extends the life of ceramic insulators. The life of the insulator can be as long 

as 15 years, depending on the material being manufactured[12]. However, for the type of porcelain 

insulator string, there is still a minor approach from previous researches. Thus, an attempt of Room 

Temperature Vulcanize coating on a porcelain insulator string is essential to solve the accumulation of 

contaminants on the surface insulator and to prevent flashover as a safety step. Evaluation of the 

withstand voltage capability and electrical performance of the insulator string is compulsory to 

determine the effectiveness of transmission lines and to prevent the power systems engineering from 

fire hazard, which in turn of low carbon economy[13]–[15]. This paper aims to study the effects of an 

RTV coating on a porcelain insulator string in order to increase electrical insulation under clean and 

contaminated conditions[16]–[18]. 

 
2. Methodology 

Flashover phenomenon is one of the most serious problems detected in high voltage outdoor 

insulators[19]–[23]. This phenomenon exists by many factors, for instance, the accumulation of 

contaminants in different environments such as dry and wet conditions and non-uniform contamination 

distribution on the insulator surface. In this paper, simulation work was used to investigate the 

performance of a insulator string with the effect of RTV coating under the dry condition on 33kV high 
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voltage. The 2-D CAD model of four-unit suspension porcelain insulator has imported into the finite 

element method (FEM) software, COMSOL multiphysics. The dimensions of each insulator are 

tabulated in Table 1.  

Moreover, the cap insulator at the top of the insulator is assigned 0 kV, which is referred to as ground 

and the pin insulator at the bottom of the insulator is assigned 33 kV as high voltage input, while the 

rectangular shape represented as the air surrounding the insulators. Ceramic insulators divided into three 

main parts, such as pin & cap, ceramic disk, and cement. The material properties consist of relative 

permittivity and conductivity, as tabulated in Table 2. RTV coating was applied on the upper surface for 

each porcelain insulator with a 0.2 mm dimension. The electric field is simulated under electrostatic 

mode. In this case, the operating frequency of the porcelain insulator is 50 Hz, assuming electric and 

magnetic fields change slowly. In addition, the induced current of electric field and magnetic field are 

neglected. 

 

 

Figure 2. Geometrical model of string porcelain insulator. 

 
Table 1. Dimensions of coated insulator. 

Parameters Dimensions (mm) 

Maximum diameter 250 

Height 145 

Creepage distance 320 

Pin diameter 15 

Coating thickness 2 

 
Table 2. Material properties. 

Material Relative 

permittivity 

Conductivity 

(S/m) 

Cement 2.1 1 x 10-14 

Porcelain 6 1 x 10-14 

RTV coating 
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RTV coating 2.9 1 x 10-13 

Air 1 1 x 10-15 

 
3. Results and discussion 

Figure 2 shows the effect of RTV coating on the electric field distribution without contamination. From 

the simulation, it shows that the electric field close to the pin or high voltage input is the highest under 

dry condition compared to other surfaces of the insulator. The bottom insulator displays in red color 

represent “hot” temperature due to resistance heating along the insulator surface. This was for the same 

reason as explained in [24], that is, the maximum electric field is obtained close to the pin of some 

dielectric mediums such as air, pin and silicone. The second upper insulator is “cold” as shown in a 

greenish-blue color because of low resistance through the insulator surface. Lastly, the upper insulator 

is the best insulator represented in blue color, it has the lowest surface heating as a result of surface 

leakage currents due to weak electric field. 

 

 

Figure 3. Electric field distribution of clean insulator under dry condition. 
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Figure 4. Electric field distribution of contaminated insulator during dry condition. 

 
Figure 4 shows the electric field distribution with non-uniform contamination applied to the RTV 

coating. The presence of contamination layer decreases electric field at the overall insulator surface. By 

increasing the contamination conductivity, the electric field will be decreased especially for both areas 

of pin and cap insulator. 

4. Conclusion 

In the present work, the application of the Room Temperature Vulcanize (RTV) coating was proven to 

be an effective method in high-voltage insulation and can solve the accumulation of contamination on 

the porcelain insulator. The simulation results summarized that the maximum electric field distribution 

is obtained at the pin insulator of a clean insulator, while the cap insulator indicated the minimum electric 

field. The presence of the contaminated layer leads to a decrease in the distribution of electrical field on 

the porcelain surface. 

REFERENCES 

[1] Q. J. Kwong, J. E. Lim, and M. S. Hasim, “Miscellaneous electric loads in Malaysian buildings - 

Energy management opportunities and regulatory requirements,” Energy Strateg. Rev., vol. 

21, no. March, pp. 35–49, 2018. 

[2] S. Samuel, T. Sayo, O. Esther, and U. Kingsley, “Influence of waste glasses on the physico-

mechanical behavior of porcelain ceramics,” Boletín la Soc. Española Cerámica y Vidr., vol. 

58, no. 2, pp. 77–84, 2018. 

[3] A. Merga, H. C. A. Murthy, E. Amare, K. Ahmed, and E. Bekele, “Heliyon Fabrication of 

electrical porcelain insulator from ceramic raw materials of Oromia region, Ethiopia,” 

Heliyon, vol. 5, no. August, p. e02327, 2019. 

[4] N. Singh, P. Kumar, P. Tripathi, R. Pyare, and M. R. Majhi, “Influence of alumina and silica 

addition on the physico-mechanical and dielectric behavior of ceramic porcelain insulator at 

high sintering temperature,” Boletín la Soc. Española Cerámica y Vidr., vol. 57, no. 4, pp. 

151–159, 2017. 

[5] F. A. Jamaludin, M. Izadi, N. Azis, J. Jasni, and M. S. A. Rahman, “Considering the Effects of a 

RTV Coating to Improve Electrical Insulation against Lightning,” 2016 33rd Int. Conf. Light. 

Prot., pp. 1–5, 2014. 

[6] D. P. Lagunas, “Anestesia en el paciente séptico con distrés respiratorio,” no. 2. pp. 47–60, 1992. 

[7] M. T. Gençoǧlu and M. Cebeci, “The pollution flashover on high voltage insulators,” Electr. 

Power Syst. Res., 2008. 

[8] Q. Wang, J. Liao, H. Li, X. Wei, and Z. Peng, “Voltage sharing characteristics of V-type 

suspension ceramic insulator strings for UHV AC substation,” Proc. IEEE Int. Conf. Prop. 

Appl. Dielectr. Mater., vol. 2015-Octob, pp. 580–583, 2015. 

[9] H. Alfiadi, D. Fauziah, Rachmawati, and S. Suwarno, “Study on leakage current characteristics 

of naturally aged silicon rubber coated ceramic insulator,” ICECOS 2017 - Proceeding 2017 

Int. Conf. Electr. Eng. Comput. Sci. Sustain. Cult. Herit. Towar. Smart Environ. Better Futur., 

pp. 259–263, 2017. 

[10] K. Marimuthu, S. Vynatheya, N. Vasudev, and P. Raja, “Quality Analysis of Ceramic Insulators 

Under Steep Front Impulse Voltage,” 2019 Int. Conf. High Volt. Eng. Technol., pp. 1–5, 2019. 



1st International Symposium on Engineering and Technology (ISETech) 2019

IOP Conf. Series: Materials Science and Engineering 767 (2020) 012023

IOP Publishing

doi:10.1088/1757-899X/767/1/012023

6

[11] Y. Chao, F. Huang, S. Zhao, C. Wang, F. Wang, and Y. Yue, “Study on natural pollution 

accumulating characteristics of cap and pin suspension ceramic insulator with composite shed 

of DC 500kV transmission line in central China,” ICHVE 2016 - 2016 IEEE Int. Conf. High 

Volt. Eng. Appl., pp. 1–4, 2016. 

[12] F. A. Jamaludin, M. Z. A. Ab-Kadir, M. Izadi, N. Azis, J. Jasni, and M. S. Abd Rahman, 

“Considering the effects of a RTV coating to improve electrical insulation against lightning,” 

in 2016 33rd International Conference on Lightning Protection, ICLP 2016, 2016. 

[13] D. Zhang, Z. Zhang, X. Jiang, W. Zhang, J. Zhao, and M. Bi, “Influence of fan-shaped non-

uniform pollution on the electrical property of typical type HVDC insulator and insulation 

selection,” pp. 3555–3562, 2016. 

[14] R. Divigalpitiya, “Effect of Insulative Debris on the Contact Resistance of Anisotropic 

Conductive Film ( ACF ) Adhesives : A Comparison Between a Solid Conducting Particle and 

a Coated Insulative Particle,” vol. 31, no. 1, pp. 222–228, 2008. 

[15] T. Koga, A. Itose, H. Prasetia, M. Kozako, and M. Hikita, “Degradation Diagnosis of Electrical 

Insulation Performance of 6 . 6 kV Class Epoxy Resin Insulator Contaminated with Iron 

Powder and Moisture,” pp. 786–789, 2016. 

[16] N. R. M. Putra, N. Sartika, Rachmawati, and Suwarno, “The study on leakage current waveform 

characteristics and computer simulation of ceramic insulator under artificial tropical 

condition,” Proc. IEEE Int. Conf. Prop. Appl. Dielectr. Mater., vol. 2018-May, pp. 320–323, 

2018. 

[17] P. Taklaja, I. Kiitam, J. Niitsoo, J. Klüss, and P. Hyvönen, “Electric field distribution in glass and 

porcelain pin insulators,” 2015. 

[18] T. Deng, Y. Yao, X. Liang, T. Jiang, J. Zhou, and H. Gao, “Application of pre-coated RTV 

insulators in UHV OHLs and steep-front impulse voltage test,” ICHVE 2016 - 2016 IEEE Int. 

Conf. High Volt. Eng. Appl., pp. 1–5, 2016. 

[19] N. A. Othman, M. A. M. Piah, Z. Adzis, H. Ahmad, and N. A. Ahmad, “Simulation of voltage 

and electric-field distribution for contaminated glass insulator,” in Proceeding - 2013 IEEE 

Student Conference on Research and Development, SCOReD 2013, 2015. 

[20] Q. U. Kai, D. Zhen, F. A. N. Qiang, L. I. U. Guanghui, and C. H. E. Bin, “The Influence of Low 

and Zero Resistance Insulators on the Voltage Distribution of Insulator Strings,” 2018 13th 

IEEE Conf. Ind. Electron. Appl., pp. 2089–2094, 2018. 

[21] U. D. A. Y. A. Kumar and L. S. A. T. I. Sh, “Potential and electric field distribution in a ceramic 

disc insulator string with faulty insulator ’ ",” 2012 IEEE 10th Int. Conf. Prop. Appl. Dielectr. 

Mater. July 24-28, 2012, Bangalore, India, pp. 10–13, 2012. 

[22] D. Stefanini and J. M. Seifert, “Three Dimensional FEM Electrical Field Calculations for EHV 

Composite Insulator Strings,” 2010 IEEE Int. Power Modul. High Volt. Conf., pp. 238–242, 

2010. 

[23] M. P. Lalitha and M. Ieee, “Modeling and Simulation of Porcelain Disc Insulators using Finite 

Element Method in OPERA Software,” 2014 Annu. Int. Conf. Emerg. Res. Areas Magn. Mach. 

Drives, pp. 1–7, 2014. 

[24] T. Sörqvist and A. E. Vlastós, “Performance and ageing of polymeric insulators,” IEEE Trans. 

Power Deliv., vol. 12, no. 4, pp. 1657–1665, 1997. 



1st International Symposium on Engineering and Technology (ISETech) 2019

IOP Conf. Series: Materials Science and Engineering 767 (2020) 012023

IOP Publishing

doi:10.1088/1757-899X/767/1/012023

7

Acknowledgment  

The authors would like to thank the Faculty of Engineering Technology, School of Electrical Systems 

Engineering for providing laboratory facilities and valuable assistance in conducting the simulation and 

to acknowledge the support from the Fundamental Research Grant Scheme (FRGS) under a grant 

number of FRGS/2/2014/ICT06/UNIMAP/02/3 from the Ministry of Education Malaysia. 




