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Modal analysis of guided waves
in a bar with an arbitrary cross-section

Takahiro HAYASHI™, Mitsunobu SUYAMA and Tsukasa ABE

*4Nagoya Institute of Technology, Faculty of Engineering
Gokiso Showa Nagoya, 466-8555 Japan

Ultrasonic wave packets propagate in the longitudinal direction by inputting low frequency ultrasonic into such
bar-like structures as rails. This ultrasonic mode, called guided wave has become popular as a promising technique
for rapid long-range nondestructinve inspection for pipes and rails. In guided wave inspection, guided wave
velocities (dispersion curves) and wave structures are firstly needed. Dispersion curves and wave structures can be
analytically derived for such simple structures as plates and pipes, but not for bar-like structures with complex cross-
section such as rails. Authors have developed calculation technique to obtain the dispersion curves and wave
structures for such structures using a special finite element method called a semi-analytical finite element method in
which dispersion curves and wave structures can be obtained as eigenvalues and eigenvectors of an eigensystem.
This study developed more accurate calculation technique for dispersion curves and wave structures using mirror
relation of guided wave modes and an iteration method for solution of the eigen problem. And experimental studies
for JIS 6kg rail verify that dispersion curves and wave structures were obtained with sufficient accuracy for typical
out-of-plain vibration modes. Wave structures were obtained by measuring waveforms at many points on the curved
surface of a rail with a laser interferometer controlled by robot arms.

Key Words:  Ultrasonic nondestructive inspection, Guided waves, Dispersion curves,

Rail, Curved surface scanning
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Fig. 1 Cross sectional division for calculations of dispersion

curves with (a) IMSL GVCCYV (107 nodes) and
(b) ARPACK (718 nodes).
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Fig. 2 Group velocity dispersion curves for JIS 6kg rails
derived from (a) (107 nodes, blue triangle) and (b) (718
nodes, black circle) in Fig.1 and 360 nodes (red square).
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Fig.3 Group velocity dispersion curves for JIS 6kg rails
(718 nodes). A vertical line denotes 37kHz and wave
structures for (a)(e) are given in Fig4. (A) and (B) are
modes with longitudinal vibrations.
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Fig4 Wave structures for several guided wave modes in
JIS 6kg rail at 37kHz. (a)-(e) correspond to (a)(e) in Fig3.
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Fig.5 Experimental set-up
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Fig.6 Cross-section of JIS 6kg rail and scanning regions.
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Fig.7 Waveforms detected at region A for normal
incidence on the rail web.
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Fig.8 Displacement detected at many points on the rail
surface with Laser interferometer. (a){(c) show the modes
(a)(c) in Fig4, and (d) shows the mixed modes of (d) and
(e)in Fig4.
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