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Abstract: The traditional semi-analytical finite element(SAFE) models can not distinguish between longi-
tudinal waves and torsional waves. The SAFE models of longitudinal waves and torsional waves were inde-
pendently established based on basic SAFE principle combined with mechanical properties of longitudinal
waves and torsional waves. The SAFE models respectively calculated longitudinal waves and torsional
waves, avoided complex mode differentiation,reduced the computational complexity and improved the effi-
ciency. The results of SAFE models were compared with PCdisp which is based on global matrix method to
examine the accuracy of SAFE models. The examples of longitudinal waves and torsional waves propaga-
ting in epoxy-Fe-epoxy composite pipe were analyzed.
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Fig. 1 Diagram of FEM discretization
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Fig. 2 Phase velocity dispersion curve of steel pipe
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Tab. 4 Mechanical parameters of epoxy-Fe-epoxy composite
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Fig. 4 Phase velocity curve and energy flow velocity

curve of longitudinal waves in epoxy-Fe-epoxy

composite pipe
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Fig. 5 Wave structure of longitudinal waves in epoxy-

Fe-epoxy composite pipe (200 kHz)
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Fig. 6 Phase velocity curve and energy flow velocity

curve of torsional waves in epoxy-Fe-epoxy
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