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Abstract: Focusing on the squeeze casting of Al alloy bulkhead castings, a study has been carried out in order to
improve their quality and performance. It is found through numerical simulation analysis that the gas entrainment is
primarily concentrated above the side walls of the casting, which is prone to generate pore defects. Shrinkage cavity
defects often occur in local thick and large-size areas. X-ray inspection reveals that after improving the feeding capacity
of the melt, there are no obvious internal defects in the casting. The equilibrium phase composition of the test alloy
was calculated using ProCAST software, and the solidus and liquidus temperatures were predicted based on the Scheil
thermodynamic solid-diffusion model. In addition, the microstructures were analyzed using SEM and EBSD. The
synergistic effect of the modification treatment and the appropriate heat treatment process enhances the modification
effect, promoting the transformation of eutectic Si morphology from thick flakes and short, stubby rods into fibrous
and finely-dispersed spherical shapes. Under the condition of the squeeze casting process, through the dispersion
strengthening mechanism, the ultimate tensile strength (UTS) of the squeeze-cast bulkhead specimens after heat
treatment is increased by 25%, the yield strength (YS) is increased by 20%, and the elongation (EL) is increased by 26%.
Key words: Al-Si alloy; squeeze casting; numerical simulation; DSC thermal analysis; microstructure; modification
treatment
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Fig. 1 Schematic diagrams of the squeeze casting mold structure and sampling for the bulkhead casting test
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Fig. 2 Melt flow length field and 2D mesh division case of the gating and casting system
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Tab. 2 Process parameters and numerical simulation boundary conditions of the experimental alloy squeeze casting process
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Fig. 3 Distribution cloud diagrams of temperature fields during the melt filling and the casting solidification processes
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Fig. 4 Distribution diagrams of solid and liquid phases during the solidification process of casting



Vol.75 No.8 2026

FOUNDRY ﬁ @,‘S%

Es5 WBEmIRFHESSHE

Fig. 5 Air entrainment distribution diagrams during the melt filling process
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Fig. 6 Distribution diagrams of shrinkage cavity defect areas in casting
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Fig. 7 X-ray inspection results of casting ( when the plunger pressure is 2 400 kN )
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Fig. 8 Equilibrium phase diagram, XRD pattern and DSC curves of the experimental alloy
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Fig. 9 Microstructure characteristics and EDS statistics of squeeze-cast samples in as-cast and T6 heat-treated states
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Fig. 10 EBSD images of squeeze-cast samples in as-cast and T6 heat-treated states
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Fig. 11 EBSD data statistics of squeeze-cast samples in as-cast and T6 heat-treated states
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Fig. 12 Engineering stress-strain curves and fracture morphologies of samples taken from as-cast gravity castings, as-cast squeeze castings, and
squeeze castings after T6 heat treatment
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