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Design and Optimization of Low-pressure Casting Process Parameters for A356
Aluminum Alloy Rear Subframe
ZHANG Gong, SU Xiaoping
(College of Mechanical and Power Engineering, Nanjing Technology University, Nanjing 211816)

Abstract: In order to improve the forming quality and production efficiency of low-pressure casting A356 aluminum
alloy rear subframe, Design-Expert software was adopted to design response surface experiment with pouring tempera-
ture, mold preheating temperature, filling time, and filling pressure as optimization parameters and pore volume, sec-
ondary dendrite arm spacing, and solidification time of castings as response indicators. Numerical simulation of produc-
ing procedure was conducted using ProCAST software, and multi-objective optimization of optimization parameters
was carried out by Matlab software using genetic algorithm. The optimal parameter combination is presented as fol-
lows: pouring temperature of 707.89 “C, mold preheating temperature of 329.61 °C, filling time of 3.06 s, and filling
pressure of 14 822.30 Pa. Finally, the optimization scheme was validated through trial production. The results indicate
that the produced castings meet the usage requirements, validating the feasibility of optimization scheme.
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Fig.1 Aluminum alloy rear subframe
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Fig.2 Low-pressure casting gating system for rear subframe
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Tab.1 Process parameters for cooling system

B AHKE AHEH  BHKEE/ KEIFR KEHS

%5 JE/C A&/mm (m*-h™) Wl /s /s
1~4 20 20 1 14 50
5~8 20 20 1 20 65
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Tab.2 Thermophysical parameters of A356 aluminum alloy
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Fig.4 Numerical simulation results of initial scheme
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Tab.3 Factors level table of response surface test
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A TRERE/C BULBURILE/C AN /s I Pa
—1 680 300 2.44 14 306.92
0 700 325 3.05 14 791.14
1 720 350 3.66 15275.36
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Tab.4 Design and numerical simulation results of response sur -

face experiment

oy Ak 241 i) B 45 A

X,/C X,/C  X,/s X,/Pa Y,/em®  Y,/um  Y,/s
1 680 300 3.05 14791.14 0411 38.75  113.44
2 720 300 3.05 14791.14 0.213 40.51 132.42
3 680 350 3.05 14791.14 0.249 42.51 148.91
4 720 350 3.05 14791.14 0.062 43.82  165.87
5 700 325 2.44 14 306.92 0.321 41.54  142.57
6 700 325 3.66 14 306.92  0.160 41.56  144.29
7 700 325 2.44  15275.36  0.120 41.59  140.03
8 700 325 3.66 15275.36  0.233 41.63 141.82
9 680 325 3.05 14 306.92 0.376 40.72  134.46
10 720 325 3.05 14306.92 0.072 42.26  151.41
11 680 325 3.05 15275.36  0.202 40.74  130.68
12 720 325 3.05 15275.36  0.120 42.31 14941
13 700 300 244 14791.14  0.341 39.67 122.53
14 700 350 244  14791.14 0.183 43.21 157.21
15 700 300 3.66 14791.14 0.316 39.71  123.93
16 700 350 3.66 14791.14 0.160 43.23  159.05
17 680 325 2.44  14791.14 0.358 40.71  130.49
18 720 325 244  14791.14 0.143 42.41  149.64
19 680 325 3.66 14791.14 0.312 40.92  133.17
20 720 325 3.66  14791.14 0.140 42.21  150.01
21 700 300 3.05 14 306.92 0.368 39.67 125.12
22 700 350 3.05 14 306.92 0.104 43.09  160.39
23 700 300 3.05 15275.36  0.198  39.69 122.63
24 700 350 3.05 15275.36  0.147 43.23  157.41
25 700 325 3.05 14791.14 0.056 41.58 141.31
26 700 325 3.05 14791.14 0.056 41.58 141.31
27 700 325 3.05 14791.14 0.056 41.58 141.31
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Tab.5 Fitting parameters of second-order response surface

models
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Tab.6 Significance analysis of pore volume
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Fig.5 Three dimensional response surface diagram of dual factor interaction of pore volume
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Tab.7 Significance analysis of SDAS
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Fig.6 Three dimensional response surface diagram of dual factor interaction of SDAS
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Tab.8 Significance analysis of solidification time
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Fig.7 Three dimensional response surface diagram of dual factor interaction of solidification time
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Fig.8 Products and metallographic structue of casting
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