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Table 1 Value of simulation parameters

Parameters Value Property
Yao/(J m’) 0.869 Grain boundary energy*"
b/m 2.74%X107"° Burgers vector™
K/(IK™ 1.381x107% Boltzmann constant
_ Grain boundary thickness
D 27X10 O usion coeffcient
G/G G Shear modulus”
a 0.5 Taylor constant
v 0.28 Poisson’s ratio'*”!
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Fig. 1 Comparisons between simulated and experimental
stress—strain curve of polycrystalline tungsten under
deformation conditions: (a) 7=1523 K, £=0.001, 0.01, 0.1
and 1s';(b) £=0.01s", 7=1523, 1573, 1623 and 1723 K
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Fig. 2 Average grain size versus true strain when strain

rate £=0.01 s ' at different temperatures(a) and grain size

distribution curve at different times with temperature
T=1623 K and strain rate £=0.01 s '(b)
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Fig.3 Time evolution of microstructure when 7=1623 K and £=0.01 s ': (a) Initial; (b) 2000 dt; (c) 4000 dt
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Fig. 4 Dislocation density distribution map obtained when 7=1623 K and £=0.01 s at time of 2000 dt
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Fig. 5 Dynamic recovery fraction curves when £=0.01 s™', 7=1523, 1573, 1623 and 1723 K(a) and 7=1573 K, £=0.001,
0.01, 0.1 and 1 s'(b)
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Establishment and simulation in dynamic recovery process of
tungsten using phase field model

LI Zuo-sheng, TANG Sai, LIANG Chao-ping, LIU Wen-sheng, MA Yun-zhu

(National Key Laboratory of Science and Technology for National Defense on High-strength Structural Materials,
Central South University, Changsha 410083, China)

Abstract: Coupled with the Estrin-Mecking(E-M) dislocation density model innovatively, a multiphase field
model was established to simulate the dynamic recovery process of tungsten in this work. The mechanical response
behavior of polycrystalline tungsten during the dynamic recovery process was studied under the circumstances that
strain rate ranging from 0.001 to 1 s~', and temperature 1523 to 1723 K. We carefully analyzed the dependences of
the stress—strain curves, average grain size and dynamic recovery volume fraction on strain rate and temperature.
The results reveal that stress—strain curves and dislocation density distribution at different temperatures and strain
rates are in good agreement with experimental observations. As the temperature increases, the grain boundaries
moves slightly, and the averaged grain size increases accordingly. Moreover, by quantifying the volume fraction of
dynamic recovery, it is found that increasing the temperature or strain rate can accelerate the dynamic recovery
process. This agrees well with previous theories and experimental studies.

Key words: dynamic recovery; phase-field method; dislocation density; tungsten; microstructure evolution

simulation
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