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Numerical simulation and experiment research of laser
damage of porcelain insulator surface
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Abstract: During the process of laser de-icing applied in the electric grid, the electrical equipment such as insulator should
not be damaged by the laser. The temperature and stress field distributions of normal porcelain, alumina porcelain, zirconium
oxide porcelain and cordierite porcelain after laser irradiating are obtained by using ANSYS software. The results show that
alumina porcelain has advantages in characteristics of anti-damage of thermal induced stress. The experiments of surface damage
of insulator with Nd: YAG laser irradiation are explored. The relations between surface temperature and irradiating time are
obtained. So is the damage form. Numerical analysis and experiment results are both show that laser power density and irradiating
time are considered as the important influence factors of laser damage of the insulator. Thermal damage and thermal-stress damage
are the main types of laser damage of porcelain insulator, which are related to the surface temperature after laser irradiation. The
anti-damage methods of aiming and controlling, combining laser de-icing with other de-icing methods to protect the insulator are
also proposed.
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Table 1 Physical characteristics of the four types of porcelains

specific heat

linear expansion

density/ . thermal conductivity/ . Young’ s tensile threshold/ Poisson” s
four types of porcelains capacity/ coefficient/ ]
(kg -m~%) _ _ (W-:m™'-K™" o module/GPa MPa ratio
(J-kg™t-K™) (107°K~")
29.4 ~58.8( with
enamel ) ,24.5 ~44. 1
( without enamel ) ,
1:normal porcelain 2400 816 1.86 5 76 58. 8 ~63. 7 (with 0.2
alumina and enamel) ,
44. 1 ~58. 8( with alu-
mina and withoul enamel )
98 ~176.4 ( mass frac-
tion of alumina. 0.8 ~
2 ;alumina porcelain 3550 942 15.41 7.3 270 0.9),147 ~235.2 0.2
( mass fraction of
alumina ;0. 9 ~0. 99)
3 : zirconium oxide porcelain 3800 942 5.23 4.5 132 31.36 ~89.18 0.2
4 . cordierite porcelain 2150 879 2.16 2.5 103 24.5 ~34.3 0.2
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Fig. 5 Insulator with different irradiating modes of laser
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Fig. 6 Profiles of surface temperature of insulators versus laser irradiating
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Fig. 7 Damage form of the insulator after laser irradiating
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