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HNSWs based transducers in measuring Young’ s modulus nondestructively

Deng Wen, Yang Jianhua, Zhang Yang

(School of Automation, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract : Based on the fundamental theory of highly nonlinear solitary waves (HNSWs) , three transducers embedded with PZT circular
materials are investigated, and designed for the nondestructive testing (NDT) of the Young’ s Modulus of materials. Three different
materials, including Teflon, granite and stainless steel, are tested by the transducers. The testing results show that the differences among
transducers are below 0.5% , and the ratio between standard deviation and average value for single transducer is below 0.4% , which
proves the high consistency and repeatability of the three transducers. The deviations from the theoretical analysis and the three materials
are below 3% , which confirms the accuracy and reliability of the transducers. By comparing the results of Ultrasonic Pulse Velocity
method, the HNSWs based transducers are more affordable, accurate and reliable.
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Fig.1 Schematic diagram of the vertical 1-D elastic

particle chain
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Fig.2 The calculation results of numerical model
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Table 1 Parameters of different materials
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Fig.3 The Hertz contact force vs. time curves obtained

by the pressure sensor when testing the three

different specimens
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Fig.4 Different set-ups of UPV tests
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Fig.5 The emitted and received ultrasonic pulses
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Fig.6  Schematic of the transducer
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Fig.7 Three set-ups when testing the three

different samples
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Fig. 8 Structure of UPV testing system
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Fig.9 Experimental results from the HNSWs based

transducers
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Fig. 10 Average value of the testing results from the

three transducers for different materials
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Table 2 Comparison between numerical and experimental results based on HWSWs
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RS . N . ——
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Table 3 Comparison of Young’s modulus between

theory and experiments
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