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ABSTRACT 

In order to develop a tire that can run safely even on a frozen road surface, it is necessary to elucidate 

the friction phenomenon of rubber on ice. However, it is a quite complicated phenomenon due to the 

melting of ice. Researches using experiments and predictions have been made, but the phenomenon 

remains unclear. In this study, in order to elucidate the friction characteristics of rubber on ice, thermal 

fluid-structure interaction analysis considering phase change using particle-based simulation is 

developed. 

Ice and water are modelled using Lagrangian particle-based method, and a phase change model is 

introduced to consider ice melting. However, it is difficult to simulate solid (ice) and fluid (water) 

stably with a single particle-based method. Therefore, ice is modelled by peridynamics [1], which is 

often used for crack analysis of solid. If the deformation of the ice road can be ignored, it is modelled 

by rigid particles to improve the computational efficiency. Water is modelled by the moving particle 

simulation (MPS) method [2], which is often used for fluid analysis. Thermal fluid-structure interaction 

is taken into account between ice particles and water particles, and ice particles that have reached the 

melting point are subsequently treated as water particles. 

Since the particle method is difficult to change the spatial resolution by changing the particle density, 

the finite element method (FEM) is used for the rubber in order to calculate efficiently. Thermal fluid-

structure interaction is taken into account between FEM and particle-based method, and friction and 

friction heat are introduced. 

The surface of the winter tire has narrow grooves called sipes to drain water between the tire and the 

ice road efficiently. In this research, a rubber block with sipes is pressed against the ice surface and 

slipped, and the prediction of the relation between the number of sipes and the coefficient of friction 

is carried out. The developed method predicts that the contact area between the rubber block and the 

ice road surface decreases due to the ice melting, and that the coefficient of friction decreases due to 

low drainage performance when the number of sipes is small. 
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