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The Influence of Compression Step on Products
for Semi-Solid Forging

Jae Chan Choi, Hyung Jin Park and Byung Mok Lee

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 and ejecting step. After forming step in SSF, the slug is compressed
during a certain holding time in order to completely fill the die cavity and accelerate the solidification
rate. The decision of compression time is important since it can affect microstructural characteristics,
mechanical properties and shape of products. In order to determine it, proper overall heat transfer
coefficient between the slug and dies should be investigated. This paper presents the procedure to find
the overall heat transfer coefficient between the slug and dies by nonlinear optimization technique and
to predict proper compression time to obtain the final shaped part with information of temperature and
solid fraction for a cylindrical slug at compression step in closed-die semi-solid forging. In finite ele-
ment heat transfer analysis, release of latent heat during solidification was considered. The influence
of the predicted compression time on miscrostructural characteristics, mechanical properties and shape
of products is finally investigated by experiment.

Key Words : Semi-Solid Forging (8t-8-§ ©2), Compression time (7}} A17}), Solid fraction (13&),
Overall heat transfer coefficient (&8 AE44), Microstructure (D]A123),
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Fig. 2 Die set for closed-die compression process
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Fig. 3 Positions to observe microstructure for cylindrical
part (a) Cylindrical part, (b) Horizontal cross
section, and (c) Vertical cross section
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Fig. 4 Variation of temperature versus time in step
heating(A356)
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Fig. 8 Microstracture distribution of slug cooled in the air
for 5 sec after heating (A356)
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Fig. 14 Microstructure distribution of part for 11 sec in
compression time (A356)

Table 1 Size of microstructure for original slug, heated
slug and final parts

Positions | Horizontal | Vertical

Conditions cross section | cross section
Original slug 370 m 384 m
Heated slug 47.6 m 49.8 m

Part of 1 sec in compression time Iim 352 m

Part of 11 sec in compression time BTm Vim

Part of 21 sec in compression time 418w 36.2 m
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