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Abstract

The desert regions of northwest China is widely distributed, sandstorm caused by land
desertification have seriously affected the operation security of the railway transportation,
which have drawn worldwide attention. Sandstorm not only accelerates the sand deposition
rate on the surface of insulator, but also changes the clean air arround insulator into the mixed
media of air and sand. Sandstorm can distort the original electric field distribution along
insulator. The electric field strength along insulator is closely related to the flashover. The
study could provide theoretical basis for the related research of insulator flashover under
sand-dust environment.

The analysis model of this thesis is the long rod ceramic insulator of QBN-25 type,
which is used in the catenary system of electrified railway. To study the influence of the
sand-dust environment on the electric field distribution along insulator, the simulation model
of long rod ceramic insulator based on the finite element method of electrostatic field is
established. The air area size of simulation model is defined reasonably, and the infinite
element area is set to solve the dissipation problem of far field. According to the
axisymmetric characteristics of the model and the maneuverability of meshing, a simplified
model of the complete simulation model is establish to reduce the computational scale. The
simulation efficiency is improved obviously. The software of COMSOL Multiphysics is used
to calculate and analyse the electric field distribution along insulator in different sand-dust
environment, such as deposition of sand-dust, electric field of sand-dust weather and
suspended sand particles

The results of simulation show that electric field strength along insulator are influenced
by the geometry of insulator. The sand deposition decreases the electric field strength of
insulator surface covered with sand. The electric field strength of the non-sand region will be
higher than that of the nearby sand layer, when the non-sand region appears in the sand layer
on insulator. Under the action of the additional electric field of different sand-dust weather,
the electric field strength along insulator is not the same as the circumferential direction of
insulator. The potential and electric field strength along insulator will be distorted slightly by
suspended uncharged sand particles. The distortion will be increased significantly when the
suspended sand particles carry the same charge. The quantity, diameter, charge-to-mass ratio,
and charge polarity of suspended sand particles have a great influence on the distortion of the
potential and electric field strength along insulator. The distortion of the electric field strength
along insulator with the hybrid particle swarm of charged and uncharged sand particles or
with the hybrid particle swarm of positive and negative sand particles is smaller than that with
all the sand particles carrying the same charge in the swarm. Electric field strength along
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insulator is distorted in different degrees by different sand-dust environments, and the charged
sand particle is the main reason of the distortion.

Key Words: Sand-dust environment, Catenary, Insulator, Finite element method,
Electric field distribution
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