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Fig. 1 Schematic diagram of die casting model for an

automobile part

Table 1 Thermophysical parameters of Al-7Si-0.35Mg-0.1Ti alloy

Density/ Specific heat/ Thermal conductivity/ Latent heat/ Thermal expansion
(kg'm™) kg " K™ (W-m K™ (kJ'kg™) coefficient/K ™
2680 963 389 2.16X107°
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Table 2 Process parameters of numerical simulation

Parameter Value Parameter Value
Length of high-speed zone/mm 163 Length of low-speed zone/mm 337
Total number of grids 9304020 Pressure chamber length/mm 500
Casting material Al-7Si-0.35Mg-0.1Ti Pressure chamber inner diameter/mm. 50
Mold material HI13 Low speed/(m's™") 0.25
Initial temperature (mold)/C 180 High speed/(m-s ) 1-4
Initial temperature (air)/C 25 Pouring temperature/‘C 680, 720
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Table 3 Chemical composition of unmodified and modified Al-7Si-0.35Mg-0.1Ti alloys
Mass fraction/%
Alloy
Si Mg Fe Cu Ti Sr Al
Unmodified 7.24 0.35 0.25 0.12 0.12 0.0011 Bal.
Modified 6.52 0.34 0.24 0.11 0.11 0.054 Bal.

B2 %GR R Al-7Si-0.35Mg-0.1Ti & 4 BI04 23
Fig. 2 Microstructures of unmodified and modified gravity casting Al-7Si-0.35Mg-0.1Ti alloys: (a), (b) Unmodified alloy;

(c), (d) Modified alloy
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Fig. 3 XRD patterns of unmodified and modified gravity
casting Al-7Si-0.35Mg-0.1Ti alloys
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Table 4

modified gravity casting Al-7Si-0.35Mg-0.1Ti alloys

Mechanical properties of unmodified and

Alloy 00,/ MPa o,/MPa  0/% Hardness, HV
Unmodified 106 165 32 58.2
Modified 103 183 5.8 65.3
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Fig. 4 Tensile stress—strain curves of unmodified and

modified gravity casting Al-7Si-0.35Mg-0.1Ti alloys
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Fig. 5 Tensile fracture morphologies of unmodified and modified gravity casting Al-7Si-0.35Mg-0.1Ti alloys: (a), (b)

Unmodified alloy; (c), (d) Modified alloy
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Fig. 6 Casting simulation image at different casting temperatures: (a) 680 ‘C, 4 m/s, 65% filling rate; (b) 720 ‘C, 4 m/s, 65%

filling rate
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Fig. 7 Secondary dendrite arm spacing at different casting temperatures: (a) 680 C, 4 m/s; (b) 720 C, 4 m/s
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Fig. 8 Filling process at different injection speeds at pouring temperature of 680 ‘C: (a) 1 m/s, 50% filling rate; (b) 2 m/s,
50% filling rate; (c) 4 m/s, 50% filling rate; (d) 1 m/s, 65% filling rate; (e) 2 m/s, 65% filling rate; (f) 4 m/s, 65% filling rate;
(g) 1 m/s, 90% filling rate; (h) 2 m/s, 90%filling rate; (i) 4 m/s, 90% filling rate
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Fig. 9 Solidification process at pouring temperature of 680 C and 4 m/s injection speed: (a) Solidification of 50%;
(b) Solidification of 60%; (c) Solidification of 70%; (d) Solidification of 97%

10 680 ‘CHSTEIRFEA 4 m/s [ I FE R A b BSOS

Fig. 10 Residual melt modulus criteria at pouring temperature of 680 ‘C and 4 m/s injection speed: (a) 50% residual;
(b) 40% residual; (c) 30% residual; (d) 3% residual
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Fig. 11 XRD patterns of Al-7Si-0.35Mg-0.1Ti alloys at
different injection speeds and pouring temperature of
680 C
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Fig. 12 Microstructures of Al-7Si-0.35Mg-0.1Ti alloys at different injection speed and pouring temperature of 680 C:

(a), (b) 1 m/s; (c), (d) 2 m/s; (e), (f) 4 m/s
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Table 5 Mechanical properties of tested alloys at different

injection speed and pouring temperature of 680 ‘C

Injection 00,/ oy/ n/ Hardness,
speed/(m's”')  MPa MPa % HV
1 129 224 2.6 67.8
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Fig. 13 Tensile stress—strain curves of tested alloys at

different injection speeds and pouring temperature of 680 ‘C
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Fig. 14 Tensile fracture morphologies of tested alloys at different injection speed and pouring temperature of 680 C: (a), (b)

1 m/s; (c), (d) 2 m/s; (e), (f) 4 m/s
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Simulation optimization of die-casting process, microstructure and
mechanical properties of Al-7Si-0.35Mg-0.1Ti alloys

LIU Wen-cai', DING De-hua', WANG Yong-bo’, LU Ye-jun’

(1. National Engineering Research Center of Light Alloy Net Forming,
School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Shanghai NATE Automobile Fastener Co., Ltd., Shanghai 201111, China)

Abstract: The effects of micro Sr modification on the microstructure and mechanical properties of
Al-7Si-0.35Mg-0.1Ti alloy were firstly studied. Then, the pouring temperature and injection speed of 0.06% Sr
modified Al-7Si-0.35Mg-0.1Ti alloy in the die casting process were calculated by numerical simulation technology,
and the experimental verification was carried out. The simulation results show that when the pouring temperature is
680 C, the secondary dendrite arm spacing is smaller; with the increase of injection speed (1 m/s, 2 m/s, 4 m/s),
although the air entrainment is more obvious, the position and quantity of air entrainment are more, but the pore
size is relatively small. The results of die casting verification experiment show that, with the increase of injection
speed from 1 m/s to 4 m/s, the primary a(Al) phase changes from cellular dendrite to globular or near globular, and
the average grain size decreases gradually; the volume gas in the casting changes from large-size pores to
small-size shrinkage porosity, which is basically consistent with the numerical simulation results. At the same time,
the ultimate tensile strength and elongation of the die casting alloys increase by 23.7% and 188.5%, respectively.
And the fracture mechanism of the tested alloys changes from the brittle fracture determined by large pores at 1
m/s to mixed fracture mode of brittle fracture and ductile fracture determined by eutectic Si phase at 4 m/s.

Key words: Al-7Si-0.35Mg-0.1Ti alloy; die casting; numerical simulation; pouring temperature; injection speed
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