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Figure 1 Size of the notched specimen ( mm)
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Figure 2 Schematic diagram of SHTB devices
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and simulation
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Figure 5 Evolution of stress triaxiality
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Figure 6 Radial distribution of stress triaxiality
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Figure 7 Curve of failure strain and stress triaxiality
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Figure 9 Relationship between failure strain and strain rate
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Figure 10 Tensile test results at different temperatures
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Figure 12 Comparison of numerical simulation and finite element results
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Investigation on Failure Parameters of J-C Damage Model of 18CrNiMo7-6 Alloy Steel

WU Shaoyang', ZHANG Jianwei’, LU Fenggiang', LI Yuanxin®, QIN Jinhong'

(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. School of Mechanics and Safe-
ty Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; In this study, three series of mechanical tests were carried out on 18CrNiMo7-6 alloy steel materials to
determine the damage parameters of the Johnson-Cook (J-C) damage model, which could be widely used in numer-
ical simulations such as high-speed impact and mechanical forming. Through the quasi-static tensile test and finite
element simulation of notched specimens, the calculation method of stress triaxiality considering both spatial distri-
bution effect and strain accumulation effect was determined. The results showed that the failure strain decreased
with the increase of stress triaxiality. Through the tensile test at 107 s™', 10 s™" and 10" s™' strain rates and the im-
pact test of SHTB, it was found that the yield strength of the material increased with the increase of strain rate, in-
dicating that the material had obvious strain rate strengthening effect, and the failure strain increased with the in-
crease of strain rate. In the tensile tests at 25 °C, 200 C, 300 °C and 400 °C, it was found that the yield strength
of the material decreased gradually with the increase of temperature, but the tensile strength of the material at
300 °C was higher than that at 200 C , and the failure strain decreased gradually with the increase of temperature.
According to the above experimental results, the parameters of J-C damage model were fitted, and the reliability of
the fitted parameters could be seen from the goodness of fit. Finally, experimental results and finite element results
of Taylor test were compared. The results showed that when the impact speed was 430 m/s, the impact samples ob-
tained from the experiment and simulation were damaged, and the maximum error between the failure mode of the
samples obtained by finite element simulation and the experimental results was 6.3%. The rationality of the J-C
damage model selected in this study and the effectiveness of the experimental parameters were verified.

Keywords: 18CrNiMo7-6 alloy steel; J-C damage model; stress triaxiality; failure strain; Taylor impact tests



