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ABSTRACT A finite element analysis to solve the coupled thermomechanical problem in the plane strain
upsetting of the porous metals was performed. The analysis was formulated using the yield function advanced
by Lee and Kim and developed using the thermo-elasto-plastic time integration procedure. The density and
temperaturc dependent thcrmal and mechanical properties of porous metals were considered. The internal heat
generation by the plastic deformation and the changing thermal boundary conditions corresponding to the
geometry were incorporated in the program. The distributions of the stress, strain, pressure, depsity and tem-
perature were predicted during the free resting period, deformation period and dwelling period of the forging

process.
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Fig. 1. Flow diagram of the fully coupled thermal-de-
formation analysis.
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Fig. 2. Schematic of plane strain compression.
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Fig. 3. Mesh, initial conditions and boundary conditions.
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Table 1. Properties of the solid specimen and the die
used in the calculations

Sintered Iron  Tool Steel
20°C 12007 20T 1200T
0.171 0.087 0211 0.1
Poisson's Ratio 028 037 03 03
Density, Kg/m? 7870 7420 7600 7420
Heat Capacity, J/Kg-K 465 659 465 674
Thermal Conductivity, N/s-K 782 55 22 31

12.1x10°¢ 13% 10

Properties

Elastic Modulus, MN/m®

Thermal Expansion Coef-
ficient, /K
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Fig. 4. Deformed meshes at various stages of powder
hot compression process. (a) At the end of free resting
(elapsed time t=0.1 sec); (b) 70% reduction in height (t
=0.36 sec); (c) at the end of 0.84 sec free resting after
deformation (t=1.2 sec).
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Fig. 5. Comparison of variations in lateral flow bet-
ween theory and experiment [18].
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(a) (b)
Fig. 7. Relative density distributions at various stages
of powder hot compression process. (a) 70% reduction
in height (t=0.36 sec); (b) at the end of 0.84 sec free
resting after deformation (t=1.2 sec).
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Fig. 9. Predicted temperature distributions at various
stages of powder hot compression process. (a) At the
end of free resting (elapsed time t=0.1 sec); (b) 70%
reduction in height (t=0.36 sec); (c¢) at the end of 0.84
sec free resting after deformation (t=1.2 sec).
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Fig. 10. Residual stress (pressure) distribution. (a) At
70% reduction in height (t=0.36 sec); (b) at the end of
0.84 sec free resting after deformation (t=1.2 sec).
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