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Nonlinear ultrasonic test for mechanical
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Abstract: In order to study the feasibility of using nonlinear ultrasonic testing technology to evaluate the
tensile strength of materials, nonlinear ultrasonic testing and mechanical tensile tests were carried out on
3D printing aluminum alloy materials with different forming angles. The results show that there is a strong
correlation between the tensile strength, the microscopic defect ratio and the acoustic nonlinearity

parameter of the material. With the increase of the microscopic defect ratio of the material, the acoustic
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nonlinearity parameter increases, while the tensile strength tends to decrease. Thus, the acoustic
nonlinearity parameter can be used to evaluate the strength of the material. In addition, fatigue tests were
carried out on 3D printing aluminum alloy specimens with different forming angles. The {indings reveal that
the acoustic nonlinearity parameter of the specimens after fatigue loading increases with the initiation of
microcracks. Therefore, nonlinear ultrasonic testing technology can be used for mechanical performance
evaluation and microcrack detection of 3D printing aluminum alloy materials.

Keywords: nonlinear ultrasonic; 3D printing aluminum alloy; tensile strength; microcracks
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Fig. 1 Manufacturing strategy of the specimens
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Fig. 2 The diagram of the tensile specimens
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Fig. 3 Stress and strain curve of three groups of specimens
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Table 1 Results of tensile experiment
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Fig. 4 The diagram of nonlinear ultrasonic experiment
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Fig. 5 Experimental setup of the nonlinear ultrasonic method
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Fig. 6 The time domain diagram of excitation signal and receiver signal
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Fig. 7 Time-domain and frequency-domain signals for varying driving voltages
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Fig. 8 The second harmonic amplitude versus square of

the fundamental amplitude for varying driving voltages
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Table 2 The results of acoustic nonlinearity parameter
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