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Dynamics Simulation of Solid Particles in Compression
Deformation of Rheology Material

C.S. Lee, C. G. Kang
(Received July 14, 2006)

Abstract

It is reported that semi-solid forming process takes many advantages over the conventional forming process, such as a
long die life, good mechanical properties and energy saves. It is important to predict the deformation behavior for
optimization of the forging process with semi-solid materials and to control liquid segregation for mechanical properties
of materials. But rheology material has thixotropic, pseudo-plastic and shear-thinning characteristics. So, it is difficult for
a numerical simulation of the rheology process to be performed because complicated processes such as the filling to
include the state of the free surface and solidification in the phase transformation must be considered. General plastic or
fluid dynamic analysis is not suitable for the analysis of the rheology material behavior. Recently, molecular dynamics is
used for the behavior analysis of the rheology material and turned out to be suitable among several methods. In this study,
molecular dynamics simulation was performed for the control of liquid segregation, forming velocity, and viscosity in
compression experiment as a part of study on the analysis of rheology forming process.
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Fig. 1 Typical DLVO inter-particle potential
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Table 1 Simulation parameter

Test 1 2 3 4
Tool velocity
(m/s) 0.5 0.5 0.5 1

Particle array Rectangle Hexagon Rectangle Rectangle

Tool shape ~ Planer  Planer Free shape Planer

AAEAMEE AHEE o2 YAE AT075
371e WA 4om= EAIL, IFE
2 55%°] T} Test 1,2,490 A1 2] Al 7H2 30, A2
20709 AA7F e F 60070 YAE T
AL Test 3oMAE & 705709 FA7H AHEH AT
Aze] wigel mabA Jazhe] Aol ZA P

fru
S o
_>,i
O

Model I - Square Array

Model 1I - Hexagonal Array

Fig. 2 Microstructure of material (particle array), (a)
Square structure, (b) Hexagonal structure
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(b) At 35% compression
Fig. 3 Simulation result of rectangle array particles

behavior during compression by test 1
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(b) At 35% compression
Fig. 4 Simulation result of hexagonal array particles
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behavior during compression by test 2
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(b) At 35% compression
Fig. 5 Simulation result of particles behavior during
compression by test 3
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Table 2 Verging rate and mean height

Test 1 2 3 4
Rate of spreading
out (%) 30.1 37.6 543 20.6
Particle mean
height (%) 649 623 547 647
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Fig. 7 Force comparison on free shape tool at
different compression rate 35% and 50%
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Fig. 8 Particles behavior at different tool velocities (a)
0.5m/s, (b) 1.0m/s
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a) Velocity of particles with
tool velocity 0.5m/s

(b) Velocity of particles with
tool velocity 1.0m/s
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(c) Force of particles with
tool velocity 0.5m/s

(d) Force of particles with
tool velocity 1.0m/s

Fig. 9 Velocity and force vector of selected particles
(311-320) at different tool velocities 0.5m/s,

1m/s
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Fig.10 (a) Velocity of selected particles, (b) Force of
selected particles at different tool velocities
0.5m/s and 1m/s
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