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The Die Design for Semi-Solid Forging Process of
Computer Simulation and Experimental
Investigation of Filling Phenomenon

D. H. Lee and C. G. Kang

Abstract

‘Die design by computer simulation has some advantages compared with the conventional method which
has performed by designer’s experiences and trials and errors. The die filling and solidification process of
thixoforming process were simulated by MAGMAsoft/thixo module. Furthermore, the die design for
thixoforming was performed with the various geometry shape. The effect of designed gate dimension on
filling phenomenon was estimated by filling simulation. The calculated results was compared with
experimental data. The free surface phenomenon obtained by experiment have good agreement with
computer simulation results. The solidification effect much as prosity and shrinkage for designed
semi-solid forging die had been predicted by computer simulation. The designed die for semi—solid
forging had been applied to produce of the frame part which is used to airconditious system.
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o : density (kg/m’)

7 : apparent dynamic viscosity (Pa - s)
m : Ostwald-de Waele coefficient (m'/s)
y : shear rate (1/s)

#n : Ostwald-de Waele exponent

7 : shear stress (Pa)

22l YelY = ' dulA 0 F power law
g 2og dEHA L o]714 QOstwald-de Waele
257 1018 m=p7} & Newtonian -5 T @2 0]
g Kim¥5¢ #522e FEH Ostwald-de Waele
2 JIXE o]gdte] MAGMAsoftE o] 83le F3
37 2 S 4e st A% Ao vluws)
A< ¥ Ostwald-de Waele 55 do] wh&§ A
e} #A o 8,310}1:}5 A2E
ol &% F&

o

22

ol

!::12

BT e

oft rfz ol

Cere Pin
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(¢) 3D solid model used for CATIA (d) STL file used for geometry transfer

Fig. 3 The geometry modelling of designed gating
system for Al_frame
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Table 1 Volume and mass of each madelled part

. Properties
Material
Volume(1) | Volume(Kg)

Cast alloy 0.08917 0238
Permanrnt Mold(1) 3.39782 26539
Permanrnt Mold(2) 00173 0.140
Inlet 0.01637 0.044
Gating(runner) 0.04963 0132
Ingate 0.01067 0.028
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Fig. 5 The temperature distribution at 70, 90%
filled state with 25mm,18mm gate area
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Fig, 7 The geometry modelling of modified gating
system for Al frame

Table 2 Volume and mass of each madelled part
(modified model)

Properties
Matenial
Volume(1) | Volume(Kg)

Cast alloy 0.10771 0.287
Permanrnt Mold(1) 3.36836 26.359
Permanrnt Mold(2) 0.01005 0.079
Inlet 0.04441 0.118
Gating{runner) 0.06879 0.157
Ingate 0.00166 0.004
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Table 3 Gate velocity of two kinds of designed gating
systems

Ve

Gate Area(diameter of gate) .
(Gate Velocity)

Initial Gating Shape 1, 25mm 157 m/s
Initial Gating Shape 2, 18mm 321 m/s
Modified Gating Shape, 21mm 725 m/s
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Fig. 8 The generation of material group used
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Fig. 9 Mesh of the casting and designed gating
system in the die

23 sfAldx} g

AAE Hde olgslol 28 o 24 9
AH g E} Fig 8% Fig. 99 24?%817194 X}% o

NLES)

e

& A
[e}

|
8

= 59,6687 01z, F o 4=
63,5170 el et, el el o] g% TJEL*Eﬂ o] o] Aleke
Indigo22] R10000 CPU, 512M ®l2a)e] v|md 43



AFH ABeUIAL ol §F WEF DEF

AAazeol g o]Gate] Hats|H
F-3l3 MAGMAthixo 2E& o] 8389S 4%

e o 104 mrh 2259 4 o) gHolxl Y
225% Table 49 eI

Table 4 Property values of A356 used to thixoforming

simulation
Parameters Symbol |Unit  [Values
Solidus temp. Tsal T 547
Liquidus temp. Tiiq " 617
Latent heat q kl/kg 4305
Punch speed Vowen  |[m/s 370
Initial billet temp. Thigee | C 577
Initial die temp. Teic " 250
Pressurize parameter Ton  |38(19sec)
Boundary condition K W/mK |500
(heat transfer coefficient) | # (mold&mold)
W/mK 1,000
(cast&mold)
Mesh—control volumes EA 591,668
—metal cells " 63,751

Temperature[T|

0.102s 0.109s %
75% 80% 0

Fig. 10 The temperature, pressure and velocity
distribution at 75, 80% filled state with
designed gating system
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Fig. 11 The temperature, pressure and velocity
distribution at 85, 100% filled state with
designed gating system
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Fig. 13 The temperature distribution at 70%, 90%
filled state(section view)
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Experimental Results

Simulation Results

Fig. 14 The comparison of computational analysis
and experimental result by filling test
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