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Table 1 Chemical composition of AlSi7Mg aluminum

alloy in this experiment (mass fraction, %)

Si Mg Ti Fe
6.930 0.490 0.054 0.020
Mn Cu Zn Al
0.033 0.011 0.043 Bal.

2 AISiTMg fa&e Mk oY S5 7 %
Table 2 Experimental plan of forming AlSi7Mg aluminum

alloy
Exp Ie\Ir(i)ment psriesxs:lllt;l:/ teigzi;rtlfre/ templ:;zture/ Envr:/l;
' MPa T c

1 0 700 250 30
2 398 660 200 30
3 398 680 200 30
4 398 700 200 30
5 398 720 200 30
6 398 740 200 30
7 398 660 250 30
8 398 680 250 30
9 398 700 250 30
10 398 720 250 30
11 398 740 250 30
12 398 660 300 30
13 398 680 300 30
14 398 700 300 30
15 398 720 300 30
16 398 740 300 30
17 398 700 250 5

18 398 700 250 15
19 398 700 250 45
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Fig. 1 DSC curve, die design, part drawing and sampling locations of AlSi7Mg aluminum alloy components (Unit: mm):

(a) DSC curve; (b) Die design involving upper plate 1, male die 2, clamping plate of male die 3, clamping plate of female die

4, female die 5, die case 6, mandril 7, lower plate 8, bolts 9 to 11; (c¢) Part drawing; (d) Sampling locations, A, B and C

meaning sampling location of microstructure
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Fig. 2 Macrographs of gravity casting and squeeze casting

parts: (a) Gravity casting part; (b) Squeeze casting part
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Fig. 3 Microstructures of parts formed by
different methods: (a) Gravity casting part;
(b) Squeeze -casting part formed under
experimental No. 15 conditions; (¢) Squeeze

casting part formed under experimental No. 9
conditions; (d) High magnification of gravity
casting part; (e) High magnification of
casting  part
experimental No. 15 conditions

squeeze formed  under
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Fig. 4 Microstructure in different locations of squeeze

casting part formed under experimental number 15

conditions: (a) Location B; (b) Location C
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Fig. 5 Comparison of mechanical properties of AlSi7Mg

Squeeze
casting 1

aluminum alloy components formed by different methods
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Fig. 6 Fracture morphologies of gravity casting and squeeze casting parts formed under experiment number 15 in Table 2:

(a), (b) Gravity casting part; (c), (d) Squeeze casting
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Fig. 7 Microstructures and average grain size of squeeze casting parts at different pouring temperatures: (a) 660 C; (b)

680 C; (c) 700 C; (d) 720 °C; (e) 740 C; (f) Average grain size
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Fig. 8 Mechanical properties of squeeze casting parts at

different pouring temperatures: (a) Ultimate tensile strength;

(b) Yield strength; (c) Elongation
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Fig. 9 Microstructures and average grain size of squeeze

casting parts at different pouring temperatures: (a) 250 C;
(b) 300 C; (c) Average grain size
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Fig. 11 Point EDS of squeeze casting part formed under experimental number 15 conditions in Table 2: (a) SEM image;

(b) Point 4; (c) Point B; (d) Point C
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Fig. 12 SEM image and element mappings of squeeze casting formed component under experimental No. 9 conditions in
Table 2: (a) SEM image; (b) Al element; (c) Si element; (d) Mg element; (e) Fe element; (f) Ti element
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Influences of process parameters on microstructure and mechanical
properties of AISi7Mg aluminum alloy components formed by
squeeze casting

JIANG Ju-fu', WANG Ying’, XIAO Guan-fei', DENG Teng’, LIU Ying-ze', ZHANG Ying'

(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: AlSi7Mg aluminum alloy components were formed by gravity casting and squeeze casting. Influences of
process parameters on microstructure and mechanical properties of formed parts were investigated by tensile test,
optical microscopy and scanning electron microscopy. The results show that the yield strength, ultimate tensile
strength and elongation of parts formed by squeeze casting increase by 41%, 562% and 0.5%, respectively,
comparing with those of parts formed by gravity casting. The average grain size of parts formed by squeeze casting
decreases and then increases with increases of pouring temperature, die temperature and dwell time. The optimal
process parameters obtained in this research involve the pouring temperature range from 700 ‘C to 720 C, die
temperature range from 200 C to 250 ‘C and dwell times from 15 s to 30 s. The optimal mechanical properties
such as yield strength of 121.5 MPa, ultimate tensile strength of 221 MPa and elongation of 7.6% are achieved
under the optimal conditions. The alloy elements such as Si, Fe, Mn and Mg segregate on the grain boundary,
which is detrimental to the mechanical properties of parts formed by squeeze casting.
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