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Design and Optimization of Process Parameters for Aerospace
Cylindrical Casting Based on Machine Learning

SHENG Ziyi, QIU Haoyue, SHEN Houfa
(School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The thickness of thin-walled castings such as aerospace cabin bodies is uneven, which makes it difficult to feed
them during solidification. The shrinkage porosity of cylindrical low-pressure aluminium-silicon alloy castings was studied
via numerical simulation. A data-driven machine learning program was developed on the basis of the Gaussian regression
surrogate model and genetic algorithm. The results show that the shrinkage porosity predicted by machine learning in
low-pressure casting is consistent with the numerical simulation results based on the mechanism model. The higher holding
pressure with the lower degree of superheating and the shorter filling time lead to a smaller tendency toward porosity
formation during casting. Compared with an orthogonal design, machine learning can design reasonable process parameters.
The efficiency of predicting porosity via machine learning is greater than that via numerical simulation.
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1 Tab.1 Chemical concentration of the AC—42100 alloy
(mass fraction/%)
11 Si Mg Fe Cu Zn Ti Al
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Fig.1 Physical properties of the AC-42100 alloy with respect to temperature: (a) conductivity; (b) density; (c) specific heat; (d) solid
fraction
2 :(a) 3(b)

Fig.2 Gating system for thin-walled low-pressure casting: (a) 3D view; (b) top view
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Fig.4 Flow chart of the genetic algorithm 6
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Fig.5 Filled volume of low-pressure casting: (a) 36.3%; (b) 100%

6 :(a) 3D ;(b)
Fig.6 Porosity after solidification via low-pressure casting: (a) 3D view; (b) top view
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, 2.98 cm’, p=220 kPa ,Tw=740 C \T\=275 C .i=12 s,
3 1 2 Lo(3%) 7 4
9 ° o ) o
o o 0.001 474, 8
3 1.9%, 95%
Tab.3 Sampling for the orthogonal experimental design +0.002 9, ,
Pouring Mold ) Hold Simulated
No. temperature temperature P?urlng pressure porosity ’
/C /C tmels /kPa volume/cm?
1 700 250 8 180 2.9752
2 700 275 10 200 2.3011
3 700 300 12 220 1.9563
4 740 250 12 200 2.0792
5 740 275 8 220 2.1323
6 740 300 10 180 2.1679
7 780 250 10 220 2.6294
8 780 275 12 180 1.9617
9 780 300 8 200 2.5956 7
2.2 Fig.7 Comparison of the porosities of low-pressure casting with
3 those of GPR-GA prediction and numerical simulation
81 0
0.613 ms,
3 h, 4
° 81 ,
s H ,
H ,
° 8
4 Fig.8 Relative error of the testing set
C )

Tab.4 Portion of porosity during low—pressure casting via
numerical simulation and a surrogate model

) ) Simulated Predicted
Pouring Mold  Pouring Hold ) .
porosity porosity

No. temperature temperature time pressure

/C /C /s /kPa

volume volume

Jem?® Jem?®
1 700 250 8 180 29752 29752
2 700 250 8 200 2.596 1 2.5956
3 700 250 8 220 2.0675 21323
4 700 250 10 180 2.107 6 2.1679
5 700 250 10 200 22295 23011
6 700 250 10 220 2.663 6 2.629 4
7 700 250 12 180 1.9827 1.9617
8 700 250 12 200 2.0237 2.0792
9 700 250 12 220 2.0209 1.956 3
3, )
: .
. .
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Fig.9 Porosity after solidification via low-pressure casting with
process optimization
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