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Finite Element Analysis of Compression Holding Step
Considering Solidification for Semi-Solid Forging
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ABSTRACT

The technology of Semi-Solid Forging (SSF) has been actively developed to fabricate near-net shape
products using light and hardly formable materials. Generally, the SSF process is composed of slug
heating, forming, compression holding and ejecting step. After forming step in SSF, the shig is
comperssed during a certain holding time in order to be completely filled in the die cavity and be
accelerated in solidification rate. This paper presents the analysis of temperature, solid fraction and
shrinkage at compression holding step for a cylindrical slug, then predicts the solidification time to
obtain the final shaped part. Enthalpy-based finite element analysis is performed to solve the heat
transfer problem considering phase change in solidification.
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Fig.l1 Mathematical model of compression holiding
step for Semi-Solid Forging
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Table 1 Temperature related to the solid fraction

for A356"
Solid Solid Solid
| Temp. . Temp. - | Temp.
fraction ) fraction ) fraction ()
(%) (%) (%)

0 615.1 35 600.1 70 565.1
5 614.3 40 596.1 75 565.0
10 613.9 45 589.6 30 564.9
15 612.4 50 583.1 85 562.9
20 610.2 55 576.3 90 558.8
25 608.9 60 567.4 95 554.9
30 604.2 65 566.1 100 | 555.0
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Table 2 Properties and initial condition of slug

and die

Specification Value
Initial slug temperature(C) 580
Initial die temperature(C) 250
Emissivity of A356 0.1
Emissivity of AISI H13 06
Heat transfer coefficient (W/m'K) 35000
Surrounding temperature(C) 20

Fig.2 Shape and dimensions for the disk shaped
part
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Fig.3 Distribution of temperature('C) for die and
slug of disk typez)
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Fig.4 Distribution of temperature (C) for die and
slug of disk type by finite element analysis
(elapsed time=0.1 sec)

Forging A:580, B:570, C:550, D530
Dies A:495, B:350, C:300, D:250
Punch A:495, B:350, C:300, D:250



Fig.5 Distribution of solid fraction (%) for slug of
disk type by finite element analysis (elapsed
time = O.1sec) A:60, B:70, C:80, D:90
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Fig6 Shape and dimensions of slug, die and
punch for finite element analysis
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(b) Elapsed time = 1.70 sec

Fig.7 Distribution of temperature (‘C) for slug, die
and punch of cylindrical shape by finite
element analysis
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Fig.8 Distribution of solid fraction (%) for slug
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Fig.9 Shrinkage of slug of cylindrical shape
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