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An electrified railway catenary is a special high-voltage transmission line installed above rails and transmits electric

energy to electric locomotives or motor train units by making contact with pantographs. Catenary insulators are

insulation equipment of traction power supply systems that mainly serve as mechanical support and electrical

insulation. 
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1. Introduction

Insulators are exposed to the atmosphere at all times to enable the easy deposition of contamination particles in

the air on the insulator surface with the airflow, and the contamination contains a large amount of soluble

substances. In humid environments such as those affected by rain, snow, and fog, they easily form a high

conductivity dielectric layer [3,4]; hence, the increase in the insulator partial leakage current leads to a decline in

insulation performance, thereby easily generating arc and even flashover [5,6,7,8]. Contamination deposition on

the insulator surface is the fundamental factor inducing contamination flashover. Therefore, the collision

mechanism and deposition characteristics of particles on the insulator surface should be studied for the insulation

design of catenary and the formulation of anti-contamination flashover measures [9,10].

Many studies have been conducted on collision theory and the contamination deposition characteristics of particles

on an insulator surface. Li et al. established the collision model between particles and insulator surface, analyzed

the collision and adsorption movement of particles on the insulator surface, formulated the adsorption criterion

between particles and insulator surface, and considered the corresponding effects of particle size, wind velocity,

and humidity. He believed that the smaller the particle size, the higher the humidity, and the higher the wind

velocity, the easier the particles are to be adsorbed [11]. Horenstein et al. studied the collision of charged insulator

particles through experiments and theories. We obtained the relationship between the influence of wind force on

the particle trajectory and the particle size, and proposed a model for quantitative prediction of the DC insulator

contamination on transmission lines [12]. Hernandez et al. conducted the contamination test on the surface of the

suspension insulator. The study found that the contamination accumulation on the insulator surface is serious when

the shed structure is complex and many ribs exist on the lower surface. The structure of the insulator shed with

less contamination accumulation on the insulator surface is simple, and the shed surface is smooth [13]. Jiang et
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al. regarded the insulator surface as an infinitely large flat plate, and established a collision model between the

particles and insulator surface. The deposition conditions of the particles are obtained from the perspective of

torque balance that consider the rolling of particles on the insulator surface. When the adsorption torque of the

particles is higher than the sum of the frictional stress, drag stress, and elastic moment of the particles, the

particles will be deposited on the insulator surface. Therefore, particle size is the critical value for deposition when

it is 25 μm. If the particle size is below 25 μm, then the particles are deposited on the insulator surface [14]. Lv et

al. considered the surface energy of the insulator surface, regarded the insulator as an infinitely large flat plate, and

established a collision model between the particle and insulator surface from a three-dimensional perspective. The

deposition conditions of particles are obtained according to their force balance. If the kinetic energy of all forces

acting on the particles is higher than the energy of the particles before collision on the insulator surface, then the

particles are eventually deposited on the insulator surface [15,16]. In the preceding research, the main object was

the insulators in the power system environment and the arrangement of the insulators was vertical installation, so

the application of the results is limited. To date, there is still a lack of research on the contamination deposition of

an insulator in a catenary environment and the collision theory of particles on the insulator surface for the

arrangement of the insulator.

2. Data, Model, Applications and Influences

2.1.Theory of Particle Collision and Deposition on Insulator Surface

Various installation methods are used for catenary insulators including cantilever insulators installed horizontally

and obliquely, and positive feeder insulator strings installed vertically. Figure 1 shows the site chart of electrified

railway catenary insulators. The particles are infinitely small relative to the insulator, and the shed occupies most of

the insulator area, so the insulator is considered as an infinite flat plate when establishing the collision model. As

the insulator sheds are about perpendicular to the central axis of the insulator, in the preceding research, the

insulator arranged vertically was often considered as a horizontal infinite flat plate [18]. However, the installation

methods of catenary cantilever insulators are unique, hence, the research should consider the installation method

of the insulator.
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Figure 1. Insulators of the electrified railway catenary: (a) insulator in the working state; (b) catenary structure

chart.

This study assumes that the particle shape is spherical. For horizontally installed insulators, the surface of the

insulator sheds was regarded as an infinitely large plate placed vertically when establishing a collision deposition

model. For the same reason, the inclination angle for an insulator installed obliquely was assumed to be φ, and the

insulator was regarded as an infinitely large flat plate with an inclination angle of 90°−φ. Figure 2 illustrates the

collision model between the particles and insulator surface.

Figure 2. Collision model between the particles and insulator surface.

The assumption was that the particles collide with the insulator surface at the horizontal and vertical velocities of

v  and v , respectively, and assumed that the particles were round spheres, and adopted a hard ball model (i.e.,

particles do not deform when they collide). This study took a horizontally installed insulator as an example to

analyze the collision deposition process between the particles and insulator surface.
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The collision deposition process of the particles and insulator surface can be divided into four stages: injection,

collision, recovery deformation, and ejection. When the cantilever insulator is installed horizontally, the insulator

can be assumed as an infinitely large flat plate with the particle size relative to the insulator surface. Figure 3

shows the schematic of the collision deposition of the particles and insulator surface.

Figure 3. Schematic of the particle collision deposition.

Injection stage: The particles are injected on the insulator surface at a horizontal velocity v , vertical velocity v ,

and collision angle of θ.

Collision stage: The particles collide with the insulator surface in an inelastic manner. The horizontal velocity of the

particles gradually decreases. When the elastic deformation on the insulator surface is the maximum, the normal

velocity of the particles is 0.

Recovery deformation stage: When the horizontal velocity is 0, the particle receives the largest elastic force on the

insulator surface. At this time, the particle moves in a horizontal direction. When the insulator wall is restored to

deformation, the elastic force becomes 0, and the horizontal and vertical velocities of the particles are v  and v ,

respectively.

Ejection stage: The particles are ejected outward at a velocity v  and are bound by adhesion. If the particles can

overcome the adhesion of the insulator surface, then they will bounce back in the air. However, if the particles

cannot overcome the adhesion of the insulator surface, then they will be deposited on the insulator surface.

After the particles are injected on the insulator surface at the horizontal and vertical velocities of v  and v ,

respectively, then the particles are subjected to gravity, friction, and gas drag in the vertical direction, and the

adhesion and elastic force of the insulator surface in the horizontal direction.

Some of the particles will adhere to the surface of the insulator when it comes into contact with the insulator

surface. The adhesion force mainly includes the Van der Waals, electrostatic, and capillary forces. The Van der

Waals force action begins to appear only when the distance between the particle and insulator surface is below
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100 nm and increases as the distance decreases. This action is the main component of adhesion. The electrostatic

force is due to the potential difference between the particles and plate, and other factors dominate after adhesion

occurs. For the capillary force, the particles and insulator surface will form a liquid bridge after the relative humidity

is above 50%, and the main influencing factor is related to air humidity. Figure 4 shows the schematic of the

adhesion of particles to the surface of objects.

Figure 4. Schematic of the surface adhesion.
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