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Abstract

Chilled cast iron is widely used in key wear-resistant components such as rolls and liners because
of its high hardness and excellent wear resistance. However, its high brittleness makes crack initi-
ation and edge chipping likely to occur during machining. To obtain microscopic parameters suita-
ble for discrete element simulation of chilled castiron cutting, a linear viscoelastic frictional bonded
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parallel-bond discrete element model was established. The microscopic parameters were calibrated
and cross-validated through numerical uniaxial compression and three-point bending tests. The ef-
fects of particle mesoscopic Poisson’s ratio, rolling friction coefficient and particle stiffness on elas-
tic modulus, compressive strength and flexural strength were investigated by the control variable
method. The results show that the particle mesoscopic Poisson’s ratio has little influence on the elas-
tic modulus. Within the practical range of 0.24~0.28, the fluctuations of compressive strength and
flexural strength are both less than 5%. The rolling friction coefficient has no significant effect on the
elastic modulus or peak strength. The macroscopic elastic modulus is approximately linearly related
to particle stiffness, which makes it possible to calculate particle stiffness from the target elastic mod-
ulus. The research results can provide a basis for discrete element modeling and parameter calibra-
tion of the cutting process of chilled cast iron.
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Table 1. Mechanical properties of chilled cast iron and DEM simulation results
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Figure 1. Particle assembly of chilled cast iron and velocity cloud map of its failure under uniaxial compression
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Figure 2. Stress-strain curve under uniaxial compression
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Figure 3. (a) Three-point bending model; (b) Velocity cloud map at the instant of fracture in the three-point bending test
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Figure 4. Stress-strain curve in the three-point bending test
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Figure 5. (a) Stress-strain curves in uniaxial compression under five working conditions; (b) Young’s modulus under five working
conditions; (c¢) Flexural strength under five working conditions
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Figure 6. (a) Stress-strain curves with different rolling friction coefficients; (b) Effect of rolling friction coefficient on com-
pressive strength; (c) Stress-strain curves under different particle stiffnesses
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