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Fig.1 Initial grains (50 pm)
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Fig.2 Dynamic recrystallization in cross section of extruded tube
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Fig.3 Dynamic recrystallization during tube extrusion: (a) initial stages, (b) deformation field,

(c) tube extruded out of die, and (d) extruded tube
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Fig.4 Microstructures of tube in middle wall at different ratios: (a) A=3.46, grain size is 26.82 pm; (b) 1=4.10,

grain size is 21.87 pm; (c) A=5.00, grain size is 20.99 pm
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Fig.5 Microstructure of tube in external wall at different ratios: (a) 4=3.46, grain size is 14.08 pm; (b) 1=4.10,
grain size is 13.13 pm; (c) 4=5.00, grain size is 13.03 pm
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Fig.7 Microstructures of tube in external wall: (a) simulation

d=14.08 pm and (b) experiment d=13.13 pm
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Fig.6  Microstructures of tube in middle wall: (a) simulation Fig.8 Comparison of simulation results and experimental

d=26.82 m and (b) experiment d=23.08 pm results of grain size in middle wall
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Micro-structure Evolution of Dynamic Recrystallization during Tube
Extrusion of IN690 Superalloy Based on Cellular Automata

Wang Zhongtang®, Hu Jinke', Wang Lingyi®
(1. Shenyang Ligong University, Shenyang 110159, China)
(2. Shenyang Institute of Technology, Fushun 113122, China)

Abstract: Dynamic recrystallization of IN690 superalloy during tube extrusion has been simulated based on Cellular Automata (CA). The
model of dislocation density and model of reply and model of nucleation and model of grain growth were determined. Morphology,
distribution, orientation and size of grains during the process of deformation were obtained through dynamic recrystallization analysis. The
results show that the grain size of the external wall is smaller than that of the middle under the same extrusion ratio. With the increasing of
extrusion ratio, the grain size at the same site of the tube decreases. The relative errors of the grain sizes of simulation and experiment are
less than 16.6%.

Key words: superalloy; IN690; cellular automata; dynamic recrystallization; grain size

Corresponding author: Wang Zhongtang, Ph. D., Professor, School of Material Science and Engineering, Shenyang Ligong University,
Shenyang 110159, P. R. China, Tel: 0086-24-24680841, E-mail: ztwang@imr.ac.cn



