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Table 1 Sensitivities of constitutive parameters for Ti-6Al-4V
Sampling Parameter K K> n @
time range Value Sensitivity Value Sensitivity Value Sensitivity Value Sensitivity
20 [0.01, 100] 0.213 B 0.606 B 0.243 B 0.704 A
512 [0.01, 100] 0.971 A 0.176 C 0.324 B 0.118 C
2048 [0.01, 100] 0.682 A 0.068 C 0.455 B 0.273 B
50 [1, 100] 0.290 B 0.879 A 1.000 A 0.166 C
100 [1, 100] 0.193 C 0.550 B 0.440 B 0.486 B
400 [1, 100] 0.342 B 0.025 C 0.861 A 0.329 B
Sampling Parameter s p q o
time range Value Sensitivity Value  Sensitivity Value Sensitivity Value Sensitivity
20 [0.01, 100] 1.000 A 0.847 A 0.347 B 0.037 C
512 [0.01, 100] 0.588 B 1.000 A 0.765 A 0.735 A
2048 [0.01, 100] 0.023 C 0.341 B 0.886 A 0.364 B
50 [1, 100] 0.454 B 0.544 B 0.066 C 0.815 A
100 [1, 100] 0.046 C 0.761 A 1.000 C 0.651 A
400 [1, 100] 0.734 A 0.266 B 1.000 A 0.734 A
Sampling Parameter K m £ éo
time range Value Sensitivity Value  Sensitivity Value Sensitivity Value  Sensitivity
20 [0.01, 100] 0.164 C 0.025 C 0.204 B 0.116 C
512 [0.01, 100] 0.441 B 0.912 A 0.324 B 0.529 B
2048 [0.01, 100] 0.023 C 1.000 A 0.205 B 0.727 A
50 [1, 100] 0.554 B 0.092 C 0.053 C 0.649 B
100 [1, 100] 0.211 C 0.780 A 0.505 B 0.174 C
400 [1, 100] 0.316 B 0.709 A 0.456 B 0.025 C

2 Ti-6Al-4V Bk &AM S B E
Table 2 Optimized values of dual-phase constitutive based on

experimental data

" K| m" K, K, n'
62.7 667 0.054 2427 1050 0.84
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Dislocation-mechanics-based constitutive model of
TC4 alloy and its numerical simulation

LI Yun-fei', ZENG Xiang-guo®

(1. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, China;
2. College of Architecture and Environment, Sichuan University, Chengdu 610065, China)

Abstract: A new physically-based constitutive model of dual-phase Ti-6Al-4V alloy (TC4) was developed based on the
microscopic mechanism of plastic deformation and the theory of thermally activated dislocation motion. The
relationships among constitutive parameters and microstructure characteristics, as well as the physical meanings were
illustrated. In order to determine the constitutive parameters and improve the efficiency and precision of parameters
identification, an overall analysis method of parameter sensitivity based on Latin Hypercube Sampling (LHS) method and
spearman rank correlation method was presented. Furthermore, the constitutive parameters of the material were
determined by a global genetic algorithm composed of an improved niche genetic algorithm, a global peak determination
strategy and local accurate searching techniques. By adopting a stress compensation updating algorithm, a subroutine
VUAMT of the proposed constitutive model of dual-phase titanium alloy was programmed on plat of ABAQUS/Explicit.
Then finite element simulation of dynamic responses of TC4 alloy under loading conditions of high strain rate and high
temperature was investigated. The comparison results indicate that the proposed model is more suitable and accurately to
describe the mechanical behavior of material subjected to high strain rate than Johnson-Cook model.
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