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Analysis of Ultrasonic Scattering from Side-drilled Holes
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Abstract Two different methods were used for the scattering analysis of side-drilled holes(SDH). The
scattering models include an explicit model based on the Kirchhoff approximation and the solution of the exact
separation of variables. The far-field scattering amplitude was calculated and their time-domain results were
compared for the case of shear vertical wave. The exact solution predicts the existence of the creeping wave.
The Kirchhoff approximation agreed to the exact solution, except the case of the creeping wave. Two
measurement models were introduced to predict the response from the SDHs for the case of immersion,
pulse-echo testing. The received voltage was calculated for the case of the shear vertical waves with the
incident angle of 45° to the SDH with the diameter of 1 mm, and compared with the experimental results.
Keywords: side-drilled hole, Kirchhoff approximation, separation of variables, far-field scattering amplitude,
creeping wave, measurement model
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Fig. 1 Geometry for calculating the pulse-echo

response of a side-driled hole in the
Kirchhoff approximation
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Fig. 2 Far-field scattering amplitude calculated as
a function of kb: Comparison of Kirchhoff
approximation and exact solution
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Fig. 3 A band-limited spectrum of 10 MHz center
frequency and its time domain signal
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Fig. 4 Time domain far-field scattering amplitude
obtained by (a) Kirchhoff approximation, and
(b) separation of variables exact solution
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Fig. 5 Pulse—echo immersion set-up to predict the
response from SDH at an oblique incidence
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Fig. 6 (a) Geometry of the SDH, the plane of
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SDH; (b) surface Cyi where n is the normal
pointing out on the SDH surface
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