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Fig. 1 Substructure of dislocation cells
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Table 1 Experimental data for parameters identification

Curve Strain rate/s” ! Temperature/K
1 4,0x107" 298
2 4.0X107" 407
3 0.01 298
4 0.1 298
) 1 298
6 1 542
7 5.2X10° 542
8 6.0x10° 298

*® 2 SHEVESE B MM ARS8

Table 2 Value domains and identified material parameters

Material Estimated Estimated Identified
parameters low limit upper limit values
C,/MPa 1.659X 107 1214.336  6.591X10°7
C,/K —5052.155 2 994.571 —4170.1
C;/MPa 0.017 5 21.747 2.519
C,/K 1.2 2 200. 608 593.5
Cs/s™! 2.760X10°*  1628.508 1 622. 224
Cs/K —9072.0 7 917.029 3 786.757
C;/MPa! 0.010 7 0.139 0.113
Cs/K —3.072 1 005. 614 355. 623
Cy/MPa 16. 528 892. 555 880. 38
Ci /K 0.041 1 842. 039 0.053 9
Ci /(s MPa) '2.200X10"° 0.018 1 2.500X 107"
C,/K 26. 956 7 507. 226 3 656. 84
C5/MPa™! 0.003 28 3. 244 2. 297
Ci./K —1425.544  1598.282 507.016
Ci;/MPa 327.923 1 104. 828 880. 835
Cis /K 0.179 516. 232 0.187
Ci7/(s » MPa) '1.468X10 7 0. 009 34 3.168x10*
Cis/K 0.588 2 612.062 29. 848
&y /mm 0.03 0.16 0.058 4
0,/ mm 0.001 30 1.121
a. 1.0 120 10. 239
g 0. 001 290 3. 406
Ve 1.000X 10 * 200 0.033 3
0w /mm 0.001 0.36 0.017 6
a, 1.0 180 80. 011
¢ 0.001 50 43.767
Ve 1.000X 10" 80 0.025 6
Fitness value 2 165.292
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Table 3 Relative error of constitutive model predictions

Strain rate Temperature Relative error/ %}
/st /K BCJ model  This model

4., 0x10"" 298 2.468 1.626
4.0X107* 407 3.934 1.923
0.01 298 4.952 2.266
0.1 298 3.383 0. 956
1 298 1. 861 2.042
1 542 6.494 3. 369
5.2X10° 542 9.939 5.525
6.0x10° 298 6.777 2.603
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for different experimental conditions
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An internal state variable viscoplastic constitutive model considering
the evolution of microstructural characteristic length

Tan Yang., Chi Yilin, Huang Yayu. Yao Tinggiang
(Faculty of Mechanical and Electrical Engineering » Kunming University of
Science and Technology, Kunming 650500, Yunnan, China)

Abstract: During high strain rate and large strain deformation of crystalline metals, there exist phe-
nomena of continuous refinement of microstructural characteristic length, like the size of dislocation
cells, which occurs intensively and would have significant influence on the work hardening and macro-
scopic flow stress. In this work, based on the inverse relation between macroscopic flow stress and
and the cell size, a new type of BCJ constitutive model was proposed. The flow rule and evolution e-
quations for internal state variables in BC] model were modified by involving the cell size parameter;
the evolution equation for the cell size considering the dependence of the strain rate and the tempera-
ture was introduced into the model; and an internal state variable viscoplastic constitutive model that
considers the evolution of microstructural characteristic length, accumulation and annihilation of dis-
locations was then established. The new constitutive model was illustrated by predicting the experi-
mental stress-strain data of OFHC Cu over a wide range of strain rates (10°*—10° s™!), temperatures
(298—542 K) and strains (0—1). The results show that the predicted data agree very well with the
experimental data. Compared with the BCJ model, the predictive accuracies of the proposed model in
various loading conditions are obviously improved, the maximum average relative error is reduced
from 9.939% to 5.525%.

Key words: solid mechanics; new viscoplastic constitutive model; cell size; high strain rate and large
strain deformation; microstructural characteristic length
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