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A Study on the Manufacturing of an Aluminum Shift-Fork
by Casting/Forging Process

W. B. Bae(School of Mech. Eng, PNU),
S. J. Lee(Dept. of Precision & Mech. Eng, PNU), M. S. You(Dept. of Precision & Mech. Eng, PNU)

ABSTRACT

In this study, the casting/forging process was applied to the Shift-Fork, a manual transimission part of
automobiles.

In the casting experiments, the effects of additives, Sr, Ti+B and Mg, on the mechanical properties and the
microstructure of a cast preform were investigated. When 0.03% Sr were added into the molten aluminum alloy,
the finest silicon-structure was observed in the cast preform and the highest tensile strength and elongation
accomplished. And when 0.2% Ti+B were added into the molten Al-Si alloy, the highest values of tensile
strength were obtained. The maximum hardness was in case of 0.2% Mg.

In the forging experiment, it was confirmed that the optimal configuration of the cast preform could be
predicted by FE analysis. To minimize the cost as the press size, the compact shape of preform was proposed to
reduce the volume of flash. The modification of shape in designing preform was performed to attain a satisfactory
performance in the areas where the mechanical strength were more required.

By using FVM(Finite Volume Method) software, it was verified that a proposed casting design was available.

To identify the relationship between effective strain and mechanical properties of the final forged product, the
compression test was performed. As the result, the tensile strength and elongation of a cast preform were much

higher than before forging. The minimum forging temperature was found 400 to save heating time.
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Table 1 The chemical compositions of ADC12

Composition Si Cu Mg

Fe Mn Ni Ti LAl

Mass (%)

9.6~12.0 | 1.5~3.5 | max 0.3 | max 0.03 | 0.3~0.6 | max 0.5 max 0.5 - : Rem.
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Table 2 Input data for the forging simulation
of the Shift-Fork

Material ADCI12
Material temperature 430 C
Stress-strain rate relation ?= 140 :.0'15
Punch velocity(mm/sec) 10
Simulation mode Isothermal
Friction factor(m) 0.3
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Table 3 Input data for the cast preform design

Mold Steel
Cast alloy ADC12
Pouring temperature 650 T
Filling time 10 sec
Punch velocity(mm/sec) 0.02cal/cm2 sec T
Mesh Resolution 3x10°
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Table 4 Conditions for solution and aging treatments

temp(C) time(t)
solution treat| 480, 500, 520, 540 | 2, 4, 6, 8
aging treat 160, 180, 200 4, 6, 8, 10
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Fig. 1 Effect of Sr contents on the tensile strength of

a cast specimen
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Fig. 2 Effect of Sr contents on the elongation of a

cast specimen
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Fig. 3 Effect of Ti+B contents on the tensile
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of a cast specimen

o] Aol Alcte oJulAFANNE FYAH
S HAAFFoZ Foles W, TuAl #AR F¥
3 Ay Fo] TAHR £ Ha} Ags e FRA
2 HYES IEE 3] A3k AN EAY §

AL ARSHAT. ANRD GuARAAME 2719
NEEE: % 1719 vgdEo e Adste YA A
Hygo] FYg FWAL ). 2gxn AT
EE %0]7] A5ty I8 Bo] @A AZEXS
o G R AxE Fol7] Yt v A
2oz Hojle AL AFFez A F2 Agd
Fo] A EE st JFHoR HuAoirn
= E3E%4E B ZUAEAN & 4 AN

54 HE M=

541 &=
AZR2RY YRR £5 AHS 2Yse

Fig. 5 Strain distribution of a forged product

Fig. 6 Theoretical results for two casting plans
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Fig. 7 A cast preform

Fig. 8 Microstructures of a forged product
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Fig. 9 Comparison of the hardness of shift-forks
according to casting processes
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