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Method of contact ultrasonic-attenuation coefficient correction
considering surface roughness
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(1. College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044,
P. R. China; 2. The Low Speed Institute of China Aerodynamics Research and Development Center,
Mianyang, Sichuan 621000, P. R. China)

Abstract: The surface quality of material significantly affects the accurate measurement of the ultrasonic
attenuation coefficient. According to the influence of surface roughness on the propagation of a vertical incident
ultrasonic beam, a method of contact ultrasonic-attenuation coefficient correction considering surface roughness
was proposed. Firstly, based on the correction theory of reflection coefficient of rough interface in the case of
uncoupling and the calculation formula of reflection coefficient of smooth interface in the case of coupling, the
formula of reflection coefficient of rough interface in the case of coupling was derived. Then, a method of contact
ultrasonic attenuation coefficient correction including roughness information based on the formula of attenuation
coefficient was proposed. Finally, cylinder specimens of 45 steel and 304 stainless steel with different surface

roughness were prepared, and the ultrasonic measurement platform of attenuation coefficient was established. The
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influence of surface roughness on signal time domain and frequency domain was investigated to verify the validity
and practicability of the proposed correction method. Experimental results show that the proposed attenuation
model can effectively compensate the attenuation of ultrasonic backscattered signal caused by roughness, and the
relative measurement error of transmission method is less than 6%.

Keywords: roughness; ultrasonic attenuation coefficient; reflection coefficient; contact ultrasonic transducer
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Fig. 1 Schematic diagram of transmission and reflection methods
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Table 1 The measurement parameters and calibration parameters of specimens

g5 R./um R,/um R/pm H/mm c/(mes™")
A0 0.078 0.548 0.062 29.85 5751.445
Al 1.149 7.889 2.238 29.84 5749.518
A2 3.545 16.491 6.734 29.97 5769.009
A3 8.215 38.533 14.557 29.87 5760.849
A4 14.208 62.465 24.368 29.94 5752.161
BO 0.089 0.661 0.077 29.91 5670.009
B1 1.256 8.689 2.752 29.88 5659.817
B2 5.368 32.533 10.557 29.95 5 665.904
B3 12917 53.485 21.187 29.93 5662.486
B4 20.354 116.330 27.784 29.94 5660.205
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Fig.2 Experimental system
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Fig. 6 Calibration results of reflection method and transmission method for 304 stainless steel specimens
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Fig. 7 The reflection time domain signals and spectra of the first bottom echo for 45 steel specimens
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Fig.8 The transmission time domain signals and spectra of the first bottom echo for 45 steel specimens
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