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Rheological Solidification Theory and Technology of Semi-solid Metal

Forming with Flow (SSMF)
Xing Shuming', Gao Wenjing', Pan Qijun*, Hu Baili*, Wang Chao®
(1.School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University;

2.Wuhu Hetian Automobile Industry Co., Ltd.)
Abstract ; Based on the characteristics of strong coupling between rheology and solidification in semi-solid rheologi-
cal casting process, the rheological solidification theory of rheological collision nucleation and rheological merging
growth was proposed. The theory claims that the classical structural undulating nucleation theory is no longer ap-
plicable under the condition of strong flow, and nucleation mechanism is dominated by collisional merging nuclea-
tion between atomic clusters(crystal embryos) in liquid metal instead, where the rheological nucleation rate is the
sum of the classical undulating nucleation rate and the rheological collision nucleation rate. In the presence of
strong rheological conditions, the primary solid phases contact and collide firstly, then become coarsening and
grow, which is dominant mechanism for growth and evolution of the primary phase during rheological forming
process. On this basis, the semi-solid metal forming with flow (SSMF) was put forward. The basic steps cover
rheological preparation, rheological filling and rheological solidification. During the rheological filling process, the
liquid metal nucleates and grows with the manifold, and evolution as well as solidification of the residual liquid
phase occur in the subsequent semi-solid forming process. In conclusion, a new technology that integrates the ma-
terial preparation and forming is manifested, which achieves a seamless connection between slurry preparation and
semi-solid forming manufacturing of workpiece, fundamentally solving the problems of oxidation and air entrain-
ment during preparation, transportation, and filling process of semi-solid slurry.
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