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Fig.1 Composite casting model of multi-material
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Fig.2 SEM morphologies of silica sand (a), chromite sand (b), and zircon sand (c)
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Table 1 Basic chemical composition and physical parameters of sand grains

Material Main component  Acid demand value/mL-g™* Specific surface area/m=kg™ Particle shape
Silica sand SiO; 1.30 26.20 Hexagonal system

Chromite sand Cry04 1.99 45.56 Sharp-angled
Zircon sand ZrO; 0.84 31.06 Round/polygonal
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Fig.6 Preparation of A356 alloy casting of multi-material composite casting
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Fig.7 Grain sizes of the casting with different wall thicknesses
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Fig.8 Grain diameters of multi-material composite castings with

different wall thicknesses
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Fig.9 EPMA element mappings of multi-material composite casting with the wall thickness of 8 mm
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Fig.10 EPMA element mappings of multi-material composite casting with the wall thickness of 20 mm
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Table 2  Performance of castings with different thickness for multi-material composite casting

Wall thickness/mm Materials Maximal force/lkN  Tensile strength/MPa  Tensile strength error/%  Elongation/%  Plastic elongation error/%
Silica sand 3.645 99 3.1 1.8 21
8 Chromite sand 4.998 137 4.2 25 19
Zircon sand 5.434 161 3.6 3.0 2.2
Silica sand 3.385 93 3.1 15 1.7
20 Chromite sand 4.415 121 2.6 2.0 14
Zircon sand 5.044 136 4.1 2.0 25
Silica sand Chromite sand Zircon sand
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Fig.11 Fracture SEM morphologies of the casting with the different wall thicknesses
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Performance Control Mechanism of A356 Aluminum Alloy
Based on Multi-Material Composite Casting

Yan Dandan®?, Shan Zhongde **, Zang Yong®
(1. State Key Laboratory of Advanced Forming Technology and Equipment, China Academy of
Machinery Science and Technology Group Co., Ltd, Beijing 100044, China)
(2. University of Science and Technology Beijing, Beijing 100083, China)
(3. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: A multi-material composite casting model with variable wall thickness structure was built. Firstly, by simulating the filling and
solidification process of A356 alloy in the multi-material composite casting mold, the filling time and temperature field results of the
multi-material composite casting mold were obtained. The solidification time of zircon sand with silica sand, chromite sand with silica sand
decreases progressively. The solidification time of casting is shorter at the transition of zircon sand with silica sand and chromite sand with silica
sand, and the solidification speed of metal liquid is faster. Fracture morphology of A356 alloy casting with silica sand, chromite sand and zircon
sand composite casting in gravity casting was investigated by EBSD and EPMA, and the tensile strength test was carried out. The results show that
at the same wall thickness, the grain size of chromite sand and zircon sand castings is smaller, the concentration ratio of Al, Mg, Si and other
elements is lower, the mechanical properties are improved, and the fracture is characterized by ductile fracture. At the same time, with the decrease
of wall thickness, the grain size of sand castings of the same material is refined, the concentration ratio of elements is reduced, the mechanical
properties are improved, and the fracture surface presents the characteristics of ductile fracture.

Key words: multi-material; composite casting; microstructure; performance control
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