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Nonlinear ultrasonic test of micro-nano crack
DUN Yi"?, SHI Xiao-hong', WANG Guang-long', ZHOU Zhao-ying®

(1. Ordnance Engineering College , Shijiazhuang 050003, China;
2. Department o f Precision Instruments and Mechanology. s Tsinghua University , Beijing 100084, China)

Abstract: A self-built nonlinear ultrasonic test system was established and the interaction between ul-
trasonic waves and cracks in metal materials and the distortion effects of ultrasonic waves were re-
searched to implement the ultrasonic test of micro-nano cracks in metal materials. On the basis of the
presumption that nonlinearity of ultrasonic waves in solid materials is universal, the distortion effect
caused by the interaction between ultrasonic waves and the micro-nano cracks in metal materials was
explored. Then, according to the analysis on the distortion effect, the measurement of ultrasonic
high-order harmonic amplitude was illustrated. Finally,a regular ultrasonic test and a nonlinear ultra-
sonic test were conducted respectively on fatigue cracks in metal materials, which proves that the non-
linear ultrasonic test is more effective for the micro-nano crack detection. Experiments show that the
length of a fatigue crack is relative closely to the exciting efficiency of the second harmonics and the
length of the crack detected by the nonlinear ultrasonic method based on the second harmonics is 30% lon-
ger than that by the regular ultrasonic test, which realizes the test for micro-nano cracks in metal materials.
Key words: nonlinear ultrasonic detection; non-contack detection; second harmonic; micro-nano
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Fig. 1 Nonlinear ultrasonic response of fatigue crack
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Fig. 2 Dimension of CT samples
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Fig. 3 Nonlinear ultrasonic detection system
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