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ABSTRACT: To effectively inhibited the occurrence of liquid segregation during semisolid forming and improve the homoge-
neities of microstructure and mechanical properties of semisolid formed components, multi-stage semisolid forming processes
including multi-stage thixoforming and multi-stage rheoforming were proposed in this study. Multi-stage semisolid forming was
composed of preparation of semisolid slurry, first forming, controlled cooling, and secondary forming. Multi-stage thixoforming
of SKD11 tool steel and rheoforming of 6061 Al alloy were conducted on a Thermecmastor-Z compression machine and a me-
chanical servo press machine, respectively. In the first forming stage, the cavity was filled with semisolid slurry of high liquid
fraction at high strain rate. The time and space for out-flow of liquid phase was restrict. In the controlled cooling stage, the lig-
uid fraction of semisolid slurry was decreased by partial solidification. In the secondary forming stage, the cavity was filled with
semisolid slurry of low liquid fraction at low strain rate. Plastic deformation of solid particles resulted in excellent mechanical
properties of component. The feasibility of multi-stage semisolid forming processes on manufacturing ferrous and non-ferrous

alloys components with homogenous microstructure and mechanical properties is verified.
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Fig.1 Illustration of conventional and multi-stage semisolid forming processes
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Tab.1 Chemical compositions of commercial SKD11 steel and 6061 aluminum alloy (mass fraction) %
C Si Mn P Cu Ni Cr A% Mo Mg Zn Ti Fe Al
SKD11 1.46 0.26 0.44 0.26 0.11 0.20 11.56 0.22 0.82
6061 0.64 0.15 0.25 0.24 1.0 0.25 0.15 0.70
6061 /
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Fig.2 Experimental schemes of physical simulation
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Tab.2 Forming parameters of different semisolid forming processes
/°C /mm /s /°C /mm
1280
SKD11
1280 4 24 1240 2
625 16
6061
625 13.5 4 595 2.5
3
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Fig.3 SEM micrographs of different positions in the multi-stage thixoformed SKD11 tool steel specimens
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Fig.4 Distributions of former liquid fraction, Vickers hardness and tensile yield strength in the multi-stage
thixoformed SKD11 tool steel specimens
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Fig.5 SEM micrographs in the cup-shaped 6061 aluminum components by multi-stage thixoforming
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Fig.6 Distributions of former liquid fraction, Vickers hardness, and compressive yield strength in the cup-shaped

6061 aluminum components manufactured by multi-stage rheoforming
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Fig.7 Microstructural evolutions of semisolid slurry during different semisolid forming processes.
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