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Table 1 Contact properties between different materials

Density/ Particle Friction Damping coefficient/
Contact model Kn/(N/m) Kratio
(kg'm) diameter/um coefficient (Ns'm™)
Face Linear 1.5x10'*
0.5
304L 7930 160 Linearcbond 0.8x10'°
1 0.5
w 19320 30-110 3.29x10"
Linearpbond 0.1
Cu 8960 80-160 1.51x10'°
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Fig.2 Distribution of (a) force chain and (b) particle displacement during HPT processing
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Fig.5 Particle morphology of (a) W powder and (b) Cu powder
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Discrete element simulation and experimental study on the W-Cu homogeneous

composites processed by high-pressure torsion
Wang Xue, Zhu Yahui, Yang Cen, Gan Guogiang, Li Ping, Xue Kemin*
(Engineering Research Center of High Performance Copper Alloy Materials and Forming Processing, Ministry of Education, School of Materials
Science and Engineering, Hefei University of Technology, Hefei 230009, China)
Abstract: The discrete element simulation of high-pressure torsion (HPT) deformation of W-Cu homogeneous powder material was carried out by
PFC-3D software. The force chain and displacement distribution of particles during compression and torsion deformation were analyzed, and their
effects on porosity, coordination number and equivalent stress in different regions were discussed. The simulation results indicate that the particle
displacement exhibits a gradient distribution along both the compression direction and radial direction, with the maximum displacement located at
the sample edge and on the upper surface. During the compression stage, particle rearrangement reduces the porosity rapidly, while shear deformation
further promotes secondary particle rearrangement and rotation, which leads to a gradual decrease of porosity. The relative density and coordination
number at the sample edge are higher than at the center, indicating that shear deformation with large torsional radius favors powder densification.
Under the conditions of 400 °C and 1.5 GPa, HPT deformation was applied to the cold-pressed W-30Cu powder compacts with different turns. The
experimental results show that with the increase of torsional radius and HPT turns, the degree of particle breakage, microstructure refinement and
homogeneity are improved significantly. Under the combined effect of high hydrostatic pressure and shear force, the pores were elongated and
enclosed, which results in the relative density increasing from 95.44 + 0.87% after 10 turns to 96.03 + 0.54% after 20 turns. The crystallite size of
tungsten significantly reduces to 20.8 nm and the dislocation density rapidly increases to 2.35x10'* m2 after 15 turns and then the grain refinement
and dislocation accumulation achieve the dynamic equilibrium. After 20 turns, due to the combined effects of powder densification, microstructure
refinement and dislocation accumulation, the microhardness at the samples edge reaches 334.8 + 4.2 HV, which represents an increase of
approximately 78.7% compared to the sample center after 10 turns.

Key words: W-Cu composites; High-pressure torsion; Discrete element simulation; Powder densification; Microhardness
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