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Abstract: The influence of gravity filling and low-pressure filling on the cast structure of A357 alumi-
num alloy stress frame was investigated by test and numerical simulation methods. The mechanical
properties and fracture morphology of two castings were also observed with the use of tensile test,
SEM and EDS after T6 heat treatment. The results indicate that low-pressure filling can reduce the
casting shrinkage and micro-cavity region. Crystal fracture is the principal split pattern of A357 alumi-
num alloy in casting state, cracks appear and fast grow until casting fracture from the defect area.
Dimple rupture is the main fracture factor with some crystal fracture after T6 heat treatment. China
cast CAE simulation study confirms that the low-pressure filling is superiority.
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Fig. 1 The dimension of stress frame casting

(a)shape diagram; (b) three dimensional size diagram
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Table 1 Chemical compositions of A357

aluminum alloy (mass fraction/ %)

Si Mg Ti Mn Fe Cu Zn Al
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Table 2 The process parameters of low-pressure filling
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Fig. 2 The gating system of stress frame casting

(a) gravity filling; (b)low-pressure filling
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Fig. 3 Sampling location of tensile specimen

(a)gravity filling; (b)low-pressure filling
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Table 3 Heat treatment of A357 cast aluminum alloy

Heat Solution Solution Aging Aging
treatment temperature/°C time/h temperature/C  time/h
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Fig.4 The microstructure morphology of stress frame casting
(a)cast state under gravity filling; (b)cast state under low-pressure filling;
(o) heat treatment under gravity filling;

(d) heat treatment under low-pressure filling
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Fig. 5 The mechanical testing of stress frame casting
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Fig. 6 The SEM morphology of cast fracture (a)thin pole under gravity filling; (b) thick pole near runner under gravity filling;

(c) thick pole away runner under gravity filling; (d) thin pole under low-pressure filling; (e) . (f) bilateral under low-pressure filling
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Fig. 7 The EDS analysis of cast fracture

(a) thick pole near runner under gravity filling; (b) bilateral under low-pressure filling
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Fig. 8 The SEM morphology of fracture under T6 heat treatment

(a) thin pole under gravity filling; (b) thick pole near runner under gravity filling; (c) thick pole away runner under gravity filling;

(d) thin pole under low-pressure filling; (e) , (f) bilateral under low-pressure filling
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Fig. 9 The EDS analysis of {racture under T6 heat treatment

(a) thick pole near runner under gravity filling; (b) bilateral under low-pressure filling
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Fig. 10 The numerical simulation of stress frame casting
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(a)the eddy simulation under gravity filling; (b) the eddy simulation under low-pressure filling;

(c) the shrinkage cavity simulation under gravity filling; (d) the shrinkage cavity simulation under low-pressure filling;

(e) filling pressure simulation under gravity filling; (D filling pressure simulation under low-pressure filling
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