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Fig. 1 Steel substrate with porous structure on the surface, and SEM

morphology of pure 316 stainless steel powder
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Fig. 2 Schematic diagram of shear mold
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Fig. 3 Topology optimization basic unit and topology optimization grid division results
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Fig. 5 Topology optimization of lattice element structures with different porosity
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Fig. 6 Regularized lattice unit structure
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Fig. 7 Macrostructure and microstructure of steel/aluminum interface under different casting methods
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Fig. 8 Stress strain curve of steel/aluminum interface shear strength

under different casting methods
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Fig. 9 Macrostructure and microstructure of steel/aluminum interface under different porosity in squeeze casting
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Fig. 10 SEM image and element distribution of steel/aluminum interface
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Fig. 11 Stress—strain curves of steel/aluminum under different porosity
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Fig. 12 Improved 3D lattice regularization pattern of steel substrate
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Fig. 13 SEM image and element distribution of steel/aluminum interface at different pouring temperatures
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Fig. 15 Stress—strain curves of steel/aluminum at different pouring temperatures
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Steel-Aluminum Composite Casting Interface Design and Organization
Regulation

FAN Hao-tian, GUO Bing-xin, WANG Yu, KONG Xiang, XU Hong, MAO Hong-kui, WU Jun-teng
(School of Materials Science and Engineering, North University of China, Taiyuan 030051, Shanxi, China)

Abstract:

The steel/aluminum composite structure combined the respective advantages of steel and aluminum alloy and
was widely used in industrial production, especially in automotive manufacturing. In order to improve the
bond strength of the steel/aluminum composite interface, this study proposed to use topology optimization to
design the steel substrate surface into a porous dotted structure, and the molten aluminum alloy flows into the
porous structure to form a bi-directional interpenetrating interface with the steel substrate in conjunction with
mechanical occlusion and metallurgical bonding to increase the interfacial bond strength. In this paper, the
effects of casting method, porosity and pouring temperature on the microstructure and mechanical properties
of the steel/aluminum interface were investigated.The results showed that the extrusion casting helped the
molten aluminum alloy to fill into the porous structure, and there was no gap at the steel/aluminum interface
macroscopically. From microscopic morphology, with the increase of porosity, the gap at the steel/aluminum
interface under extrusion casting gradually decreased and the shear strength gradually increased, and when
the porosity was 70% and the pouring temperature was 730 °C , there was no gap and no metallurgical bond
at the steel/aluminum interface. After the improvement of the dot matrix structure with 70% porosity, when
the casting temperature of molten aluminum alloy was 760 °C , the intermetallic compound of Al,sFeSi phase
with a thickness of 2 um was formed at the steel/aluminum interface, and the shear strength of the steel/
aluminum interface was 118.1 MPa.

Key words:
steel/aluminum composite casting; topology optimization; lattice structure; microstructure; shear strength;
double interpenetrating interface
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