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Study on Nonlinear Physical Propertg Estimation of Viscoelastic Materials via
Inverse Analysis of Equation for Bubble Dynamics
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From a medical engineering point of view, dynamic properties of viscoelastic

materials in high strain rate region are considerably important for understanding influences of
recent minimally invasive surgical techniques with lasers, ultrasounds, and shock waves on
biological tissues. In this study, a microscopic evaluation method of dynamic properties of
viscoelastic materials is newly constructed instead of traditional macroscopic rheometries. The
procedure consists of an optical measurement of an inertial micro cavitation inside the viscoelastic
materials induced by a high-energy pulsed laser and a numerical solution with respect to an inverse
analysis of the equation of motion describing the cavitation dynamics. Polyvinyl alcohol hydrogels
(PVA-H) with different mass concentrations are employed as test materials and evaluated to validate
the proposed rheological methodology.
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Fig. 1 Experimental Setup for Optical Measurement of a Laser-Induced Inertial Micro Cavitation.
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Fig. 2 Schematic Image of Bubble Motion Profiles and Reference Points
of Objective Function for Optimization.
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Fig. 3 High-speed Images of Cavitation Bubble Growth, Collapse and Subsequent Motion
in 9 wt% PVA-H Sample.
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Fig. 4  Estimated Mean Profiles of Cavitation Bubble Radius Fitted to Experimental Data
of 5 wt% PVA-H Sample (Left) and 9 wt% PVA-H Sample (Right).

Table 1  Statistics of Estimated Dynamic Properties of 5 wt% PVA-H.

Property Mean SD
R, 44.7 pm 6.9 um
Roax 331 pm 49.9 um
u 0.596 Pa-s 0.129 Pa-s
G 17.1 kPa 3.5kPa

A 3.29 us 0.69 ps




Table 2 Statistics of Estimated Dynamic Properties of 9 wt% PVA-H.

Property Mean SD
R, 40.6 pm 6.1 um
Ronax 253 pum 39.6 pym
u 0.647 Pa-s 0.141Pa-s
G 31.3 kPa 3.5kPa
A 3.55us 0.72 ps
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