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Abstract: Over 90% of passenger car wheels are made of aluminum alloys by a low-pressure casting process. Casting
defects are among the most important factors influencing the mechanical properties and service safety of automotive
wheels. Therefore, controlling casting defects effectively not only is a product quality issue but also impacts the safety of
the entire vehicle. The influence of the low-pressure casting process on shrinkage pores is systematically studied and
summarized in this paper. To predict the generation of shrinkage porosity defects in low pressure casting hubs, the effects
of process parameters such as pouring temperature, mold preheating temperature, filling rate and holding pressure on the
formation of shrinkage porosity were studied. The results show that increasing the pouring temperature and mold preheating
temperature increases the filling capacity and reduces the shrinkage porosity to a certain extent. However, overheating the
mold or a super high pouring temperature will lead to the opposite effects. In addition, slower filling at the laminar stage
significantly reduces the shrinkage porosity on the premise of successful filling, and a high holding pressure helps with
closing the pores.
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Fig.1 Schematic diagram of low-pressure casting
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Fig.2 3D model of the aluminum alloy wheel hub: (a) top view, (b) front view
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Fig.3 Wheel hub and metal die model in VisualMesh: (a) metal
die, (b) hub
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Tab.1 Chemical composition of the A356.2 aluminum
alloy"*""
(mass fraction/%)

Si Mg Ti Fe Mn Cu Zn Al

6.5~7.5 030~045 <02 =0.12 <0.05 <0.05 Bal

% 2 VisualCast #{#EEH A356 A6 &£ BB FEM S
Tab.2 Chemical composition of A356 aluminum alloy in
the VisualCast database
(mass fraction/%)

Si Mg Ti Fe Mn Cu Zn Al
7 03 <02 <012 <005 <01 =<0.05 Bal

=<0.1
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Tab.3 Chemical composition of the H13 steel™
(mass fraction/%)

C Cr Mn Mo Si v P S
0.32~0.45 475~5.50 0.2~0.5 1.10~1.75 0.8~1.2 0.8~1.2 <0.03 <0.03
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Tab.4 Chemical composition of H13 steel in the VisualCast

database
(mass fraction/%)
C Cr Mn Mo Si \'% P S
0405 5.125 0.35 1.425 1 1 <0.03 =<0.03
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Fig.5 Areas imposed by boundary conditions: (a) external surface of the metal die, (b) inlet of the rise tube
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Fig.6 Initial stage of pressure curve: (a) without delay, (b) considering a short delay
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Fig.8 Results for different mesh size divisions: (a) 12 mm, (b) 9 mm, (¢) 6 mm, (d) 3 mm
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Fig.9 Simulation results for different mesh size divisions: (a) 3 mm, (b) 6 mm, (c) 9 mm, (d) 12 mm
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Tab.6 Simulation experiment on the relationship between
the pouring temperatureand shrinkage defect
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Fig.10 Distribution of shrinkage defects with different pouring temperatures
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Fig.11 Relationship between the pouring temperature and
volume of shrinkage defects
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Tab.7 Simulation experiment on the relationship between
the die preheating temperature and shrinkage defect
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Tab.8 Simulation experiment on the relationship between
the filling rate and shrinkage defect
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Fig.14 Relationship between the filling time and pressure
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Fig.15 Distribution of shrinkage defects with different
filling time
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Fig.16 Relationship between the filling time and volume of
shrinkage defect
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Fig.17 Filling time in filling pressure experiments with a filling
pressure twice the metallostatic pressure
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Tab.9 Simulation experiments on the relationship between
holding pressure and shrinkage defects
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Fig.18 Relationship between the time and holding pressure
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Fig.19 Distribution of shrinkage defects with different holding pressures
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Fig.20 Relationship between the holding pressure and volume
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