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Research on damage failure of TA18 titanium
alloy based on stress triaxiality

Zhang Tianwen', Wang Ying™’, Li Wei', Jiang Jian™’, Peng Li*’, Yu Hui'

(1. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, Hebei, China; 2. Pangang Group Re-
search Institute Co., Ltd., Panzhihua 617000, Sichuan, China; 3. Chengdu Advanced Metal Materials Industry Techno-
logy Research Institute Co., Ltd., Chengdu 610300, Sichuan, China)

Abstract: Tensile specimens made of TA18 titanium alloy with different notch sizes were designed to
carry out tensile tests under different stress states at room temperature, and fracture morphology obser-
vation had been done. The ductile fracture characteristics of TA18 titanium alloy were studied through
the combination of experiment and numerical calculation. The influence law of stress state on micro-
scopic fracture mechanism had been analyzed. The Bridgman forward calculation method was used to
correct the stress data after necking instability. The Johnson-Cook (JC) constitutive model of TA18 ti-
tanium alloy was established, and the average stress triaxiality and fracture strain of the tensile speci-
men were calculated and determined by the regression method. The damage failure model of TA18 ti-
tanium alloy is presented. The results show that the fracture strain of TA18 titanium alloy under differ-
ent stress states is different. The fracture strain decreases with the increase of stress triaxiality, and the
fracture dimple size is positively correlated with the stress triaxiality. The established damage failure
model can explain the fracture characteristics of the material.
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Fig. 1 Schematic diagram of specimen size
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Fig. 2 Tensile fracture test
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Fig. 3 Displacement-load curve
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Fig. 4 Macroscopic fracture morphology of specimens

UL (a) SRB; (b) NR1; (c) NR2; (d) NR3
5 R ORSR

Fig.5 Microscopic fracture morphology of the specimen
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Fig. 6 Finite element model of tensile specimen
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Fig. 7 Correction of true stress-strain curve
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Fig. 8 Comparison of simulated and experimental results
of displacement-load
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Fig. 9 The triaxiality distribution law of cross-sectional stress for different notched specimens
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Table 2 Fracture parameters of different samples
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