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A Finite Element Analysis of Thixoforging Process by using Arbitrarily
Shaped Dies

Chung Gil Kang, Nam Seok Kim

ABSTRACT

A new forming technology has been developed to fabricate near-net shape components by using aluminum
alloys with globular microstructure. The estimations of filling characteristic in the forging simulation with
arbitrarily shaped dies of SSM are calculated by finite element method with proposed algorithm. The proposed
model and various boundary conditions for arbitrarily shaped die are investigated with the coupling calculation
between the liquid phase flow and the solid phase deformation. The simulation processes with arbitrarily
shaped dies are performed on the isothermal conditions and axisymmetric problems. To analyze the forging
process simulation with SSM, new stress-strain relationship for semi-solid behaviour is described, and forging
analysis is performed by a compressible rigid viscoplastic model for the solid phase and the Darcy's law for
the liquid flow. Furthermore, For the purpose of getting net shape of SSM, it is important to be obtain a
solid fraction in forging process with arbitrarily shaped dies. To produce a automotive part which have good
mechanical properties, the filling pattern in accordance with die velocity and solid fraction distribution has to

be estimated for arbitrarily shaped die.

Key Words : Globular microstructure (7733t £ #]), Solid fraction(11} &), Arbitrarily shaped die(%) <} & &4+
A

@), Filling phenomena(% % &), Filling limitations(% A 3+ 7}), Thixoforging(WF &8 ¢ %)
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Table 1 Material properties of A356 at Semi-Solid state.

Parameters Svmbol Unit Value Ref.

Initial solid fraction fq % 50

Friction coefficient mi 0.3
Viscosity coefficient of liguid “L Poise 0.175 (13)
The initial permeability o 36.7x 10° (14)

Th tio of initial bilit
¢ ratio of mttal permeabiity Ko /tL mi/WPa - sec) | 200x10° | ( 12)
and viscosity coefficient
The relatlQn 'of penr}eablllty £ = kol-f) / mm’ (16 )
and hguid fraction
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Engineering stress-strain curve which is considered as strain

rate sensitivity exponent and is expressed by separation

coefficient (V4=10mn/sec, fs

= 50% and m¢ = 0.3)
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