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Effects of axial loading on the coupling vibration in bioliquid-filled

microtubules

XIONG Jing-ting, WANG Xi( State Key Laboratory of Ocean Engineering, School of Naval Architecture,
Ocean and Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: Objective To describe the effects of axial loading, small-scale parameter, bioliquid density in a micro-
tubule (MT) and constrained stiffness of surrounding biomedium on the coupling vibration frequency in the biolig-
uid-filled MT, and to provide references for ultrasonic inspection on nano-MT under axial loading and the clinical
application of biological medicine. Methods The non-local elastic theory was utilized to describe the nano-scale
characteristics of the MT, and the analytic solutions to the coupling vibration frequency of the bioliquid-filled MT
under axial loading were given. Results The axial loading exerted on the bioliquid-filed MT made the couple vi-
bration frequency drop rapidly, and as the small-scale effect increased, the couple vibration frequency of the bi-
oliquid-filled MT was gradually decreased. The effect of axial loading on the couple vibration frequency of the bi-
oliquid-filled MT was larger than that of the small-scale parameter. Conclusions When the density of bioliquid in
MT increases, the first order frequency of the bioliquid-filled MT embedded in biomedium is decreased; when the
initial axial loading exerted on the bioliquid-filled MT increases, the effect of bioliquid density in MT on the first or-
der frequency of bioliquid-filled MT is reduced gradually.
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Fig.1 Calculation model for the coupling frequency of a bioliquid-filled microtubule embedded in medium under the initial axial loading
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Fig.2 Effect of small scale on the first order coupling frequency of

the bioliquid-filled microtubule embedded in biomedium
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Fig. 3 Coupling frequency of the bioliquid-filled microtubule

embedded in biomedium under axial load
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Fig.5 Effect of radial constrain on the coupling frequency of the

bioliquid-filled microtubule embedded in biomedium
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