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The Effect of Forging Process Conditions of Semi-solid
Aluminum Material on Mechanical Properties
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Abstract

Reheating

Semi-solid forging (SSF) process of A356 aluminium alloy has been studied to assess the effect

of process variables on the component integrity. Semi-solid material (SSM) was fabricated by

mechanical and electro-magnetic stirring process. The fabricated SSM by using mechanical
stirring process has been carried out on cooling rate of 0.022°C/sec 0.0094°C /sec and stirring
speed n=600, 1000 rpm, respectively. The fabricated SSM by using electro-magnetic stirring
process is supplied by Pechiney. The holding time and temperature in the semi-solid state before
forging also affects the globular microstructure of alloy. Therefore, the influence of these two

parameters is discussed in terms of the microstructure of alloy. The SSF process has been
conducted with three different die temperatures(Tq.=250°C, 300°C, 350°C) and two kinds of gate
types (straight gate and orifice gate). This paper is to investigate the influence of gate shapes of
die on filling phenomena in SSF process more deeply. The mechanical properties of forged

components were also investigated for variation of process conditions such as die temperature,

gate shape and SSM.
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Table 1 Chemical compositions of A356 aluminum alloy
Element si Mg Fe Cu Pb Mn T Ti Al
Rate(%) | 6.70 0.43 0.27 0.06 | 0.01 0.09 ] 0.04 Bal.
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Fig. 1 Schematic diagram of furnace and stirring
devices
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Table 2 Chemical compositions of Pechiney
Si Mg Fe Cu Pb+5n Mn Ti Zn Sr Ni

Min 6.5 0.30 -

- - - 0.01 -

0.03

Max 7.5 0.40 0.15
1

0.03 0.20 0.05 0.05 0.03

Table 3 Experimental conditions for reheating of semi-solid materal

Temperature T,=577C (fs=50)

T:=589C (fc=40) T =598C (f,=30)

Holding time 15 min L 20 min

Semi-solid material

Upper die

™~ Lower die

i W e 17 %
E//@M#i (unit : mm)

(b) Orifice gate type

I
-

Fig. 2 Gate type of forging die, initial of semi- solid
specimen
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(@) fs=30%, n=600 rpm (b) fs=30%, n=1000 rpm
and C=0.022°C/sec and C=0.0094C /sec

Fig. 4 Microstructure of aluminum alloy for varia-
tion of fabrication conditions
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a) Without stirring at solid fraction fs=09%

(
(b) With stirring of n=1000 rpm at fs=
(¢) Electro-magnetic stirring

30%

Fig. 5 Comparison of the variation of microstructure
and effective solid fraction
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Fig. 6 Temperature of semi-solid reheating process
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(a) 15 min (b) 20 min

Fig. 7 Microstructure of fs=30% after reheating in
577°C for heating time t,.=15, 20 minutes
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(a) 15 min

Fig. 8 Microstructure of fs=309% after reheating in
589°C for heating time t..=15, 20 minutes
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Fig. 9 Microstructure of fs=30% after reheating in
598°C for heating time t..=15, 20 minutes
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Fig. 10 Microstructure of Pechiney after reheating in
577°C for heating time t..=15, 20 minutes
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(b) 20 min
Fig. 11 Microstructure of Pechiney after reheating in
589°C for heating time t,.=15, 20 minutes

(a) 15 min

(b) 20 min
Fig. 12 Microstructure of Pechiney after reheating in
598°C for heating time t,.=15, 20 minutes

(a) 15 min
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Fig. 13 Semi-solid forged components
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{a) Partially filling in die cavity with Tg4.=300C (A)

(b) No filling in die cavity with T4.=250C

Fig. 14 Unfilled product with orifice gate die
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Fig. 15 Observation points to investigate micro
structure of speciments after semi-solid
forging

Fig. 16 Microstructure of dendritic after semi-solid forging with various points at die temperature 350°C and

punch speed 60 m/s
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Fig. 17 Microstructure of Pechiney after semi-solid forging with various points at die temperature 350°C

punch speed 60 m/s
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Fig. 18 Microstructure of Pechiney after semi-solid forging with various points at die temperature 300°C

punch speed 60 m/s
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Fig. 19 Microstructure of Pechiney after semi -solid forging with various points at die temperature 250°C and

punch speed 60 m/s
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Fig. 20 Location of tensile specimen with gate types
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