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Analysis of the Hot Deformation of Porous metals by Finite
Element Method
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Abstract

The thermomechanical elasto-plastic problems in hot forging of the porous metals
are analyzed using the thermo-elasto-plastic finite element method. This finite
element program has been formulated using the yield condition advanced by Lee
and Kim and developed using the thermo-elasto-plastic time integration procedure.
Thermomechanical responses and densification behaviors of the porous metals
during hot forging are calculated at various initial relative densities, strain rates
and temperatures. The calculated results are in good agreement with experimental
data.
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Table 1. Elastic preoperies[15} and melting temperature[3] of alloy steel

Melting temperature, Tm (°C)

1536

Temperature, °C

RT 300 600 700 800 900 1000 1100 1200

Poisson’s ratio, v

0275 0.280 0.310 0.320 0.375 0.450 0.370 0.370 0.370

| Young's modulus, E (MPa)

171 163 144 131 107 93 99 93 &7

Table 2. Parameters in equations (18) and (19)

Ys(MPa) Ks &s

m A Q(J/mol) n

69.61 08067  0.07413 1.211 1370 171400 2.336

Table 3. Thermal and mechnical properties(2,17,18] of alloy steel

ap, K 1.98 x 107
he, Jsec'm K™ 5500
hn, Jsec 'mK™! 10

Temperature, °C | RT 300 600 700 800 900 1000 1100 1200

Cb, JKg K™ 48 -

- 1062 861 659 659 659 659

pr, Kgm™ 7900 7780 7660 7620 7580 7540 7500 7460 7420

kn, Jsec'm 'K 3% 35

31 - 28 - 28 - -

kv, Jsec'm™K™? | 0001 0.026 0047 0.052 0.058 0.063 0.068 0.073 0.078
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Figure 1. Comparisons between cal-
culated curves (solid) and stress
-strain data[5] (symbols) for non

-porous base alloy steel cylinders at
various temperatures and strain rates
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Figure 2. Normalized initial yield
stresses of sintered porous alloy steel
as a function of relative density[5]
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Figure 3. Comparisons between load-
displacement data (symbols) and nu-
merical predicts (solid) for porous
alloy steel preforms: (a) Ro=0.846 and
v=0.12mms™, (b) Ro=0.846 and v=12
mms ), (c) Re=0.878 and v=0.12mms
and (d) Ro=0.878 and v=1.2 mms .
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Figure 4. Initial mesh and boundary
conditions for coupled analysis of
porous alloy steel ring compression
with varing temperatures.
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Figure 6. Calculated temperature dis-
tribution of the porous alloy steel
ring for varing temperature case
under coefficient of fricton, 0.1 at 25
% reduction.
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Figure 5. Comparison between ex-
perimental[5] and numerical deformed
shape of the porous alloy steel with
initial relative density, Ro = 0.866 at
25% reduction. Samples were tested
at initial temperature 1000°C and axial
velocity 1lmms™. Dashed and thin
solid lines denote finite element
calculations with constant and varing
temperatures and thick solid lines
denote experimental result[5].
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Figure 7. Comparisons between (a) experimental relative density distributions
(5] for a porous alloy steel ring from hardness test and (b, ¢) finite element
solutions at 25% reduction under coefficient of friction, 0.1: (b) and (c) denote
finite element solutions from constant and varing temperatures, respectively.
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