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Fig. 1 The structure drawing of 45 % steel specimen
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Fig.2 The generation diagram of LCR wave
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Fig. 3 The structure diagram of nonlinear ultrasonic experiment
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Fig.4 The receiving signal of nonlinear ultrasonic experiment
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Fig. 5 The relation between amplitude of second harmonic(A.) and square

of fundamental wave amplitude( A})
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Tab. 1 Relative nonlinear coefficient and specimen deformation in on-line experiment
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Tab. 2 Relative nonlinear coefficient and specimen deformation in off-line experiment
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Fig. 6 Comparison between on-line and off-line experiment data
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Fig. 7 Correlation between relative nonlinear coefficient and deformation
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Plastic damage evaluation of metal materials based on
the nonlinear critical refraction longitudinal wave

ZHANG Yuhua', QUAN Silong"?, HU Xiaoya', CHEN Qiang',

LI Yuezhong', LIU Shubo', GE Yuanxiang'
(1. School of Mechanical and Electronic Engineering, East China University of Technology, Nanchang 330013, Jiangxi, China;
2. Jiangxi Engineering Province Engineering Research Center of New Energy Technology and Equipment,
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Abstract: In this paper the nonlinear property of critical refraction longitudinal wave was applied to
evaluate the plastic damage of metallic materials in actual engineering application. Firstly, the two
groups of specimens were subjected to on-line and off-line stress loading respectively, so that the
specimens have different stress states. Then the nonlinear ultrasonic experiments based on critical
refraction longitudinal wave were conducted on two kinds of specimens and the relative nonlinear
coefficient was calculated. The experimental results indicate that the relative nonlinear coefficient and
deformation increase monotonically with stress, both on-line and off-line experiments have similar
variation trend. Furthermore, the Pearson correlation coefficient between the relative nonlinear
coefficient and deformation are 0. 9884 and 0. 9876, respectively, which indicates the relative nonlinear
coefficient and deformation has strong correlation. The power exponential function is established,
which can be used to quantitatively explain the internal relationship between the macroscopic
deformation of specimens and the relative nonlinear coefficient. Without knowing the microstructure
of material, the power exponential relation can be applied to predict the relative nonlinear coefficient
according to the deformation of material, which is very convenient to evaluate the plastic damage in
practical engineering application.

Keywords: nonlinear critical refraction longitudinal wave; on-line load; off-line load; plastic damage;

relative nonlinear coefficient



