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Table 2 Quantification of microporosity characteristic parameters of 5,—S; based on CA model

o # BHIHE/ (C/s) D,,/um D,,./um L, /um
S, 2.95 38.34+10.71 97.04 159.46 +31.72
S, 0.85 51.31+25.07 141.96 173.29 + 41.71
S, 6.85 26.03 £10.25 50.73 79.38 = 19.53
s, 3.93 31.65 = 13.40 73.39 111.99 + 39.88
S, 6.15 24.42 +10.01 49.74 81.04 + 15.99
S, 2.46 40.88 +20.01 104.05 129.45 +28.73

L. /nm P/% N,/mm”
252.94 0.0799 11.26
545.67 0.0865 5.02
122.20 0.0008 20.92
193.62 0.0603 14.85
111.88 0.0081 22.11
325.92 0.0537 8.19
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Table 3 X-CT quantified the microporosity characteristics of S,—S; locations
(oA WHIER/(C/s) D, /um D,,./um Ly, /um L, /um P/% N,/mm”
S, 2.95 34.18 £20.32 167.68 110.15 +40.32 455.12 0.0812 15.14
S, 0.85 32.32+15.84 118.49 103.98 +39.48 457.98 0.0532 12.03
S5 6.85 21.38 +5.65 40.86 62.69 +22.51 81.62 0.0007 1.15
S, 3.93 29.49 +7.31 113.26 91.11 £ 19.32 362.14 0.0759 6.48
S 6.15 21.07 £5.58 40.36 55.85+10.33 80.63 0.0036 1.15
Ss 2.46 27.39 +13.18 96.26 87.16 +23.32 257.11 0.0259 4.09
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Optimization of Integrated Forming Process for Cast Aluminum Alloys Based
on 3D Microstructure Characterization
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[ABSTRACT]

Casting defects such as gas and shrinkage porosity are common in aluminum alloys, which seriously

affect their performance. In this study, a multi-scale prediction model for defects in cast aluminum alloys based on cellular
automaton models was developed independently. To verify the accuracy of the model, X-ray computed tomography (X-
CT) was utilized to characterize the size and morphology of the microporosities in different parts of the components in
three dimensions. A comparative analysis of the predicted and experimental results revealed that the model was capable
of efficiently predicting the microporosities sizes in various parts of the components, with the most accurate predictions
for the equivalent diameter of the microporosities, exhibiting an average relative error of approximately 25%. This multi-
scale prediction model can effectively accelerate the optimization of the wheel casting process, improve wheel production
efficiency and reduce production costs.

Keywords: Aluminum alloy; X-ray computed tomography (X-CT); Cast; Microporosity; Cellular automaton
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