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Project Overview

Project Objective:
• The proposed research aims to support the realisation of a new non-contact smart conveying
technology using squeeze-film phenomenon to levitate and move objects.

Justification:
• The development for industrial level applications requires better understanding of the underlying
fundamental mechanisms, optimisation of potential effects and control over conveyance.
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Acoustic levitation - Overview
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Demonstration video
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Modal Analysis - Finite Element

(a) LBv1
(b) LBv1 Mode 2 @
3600Hz

(c) LBv1 Mode 6 @
8750Hz

(d) LBv1 Mode 12 @
12,500Hz

(a) LBv2
(b) LBv2 Mode 6 @
5450Hz

(c) LBv2 Mode 14 @
9880Hz

(d) LBv2 Mode 17 @
11,600Hz
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Distributed Impedance analyses – LBv1 & LBv2
• We present the idea of utilising an in-situ
impedance (Z) analysis to determine forced
excitation patterns.

• Approach is similar to how the resonant
frequency of actuators are determined.

• Resonance occurs when the deformation of the
actuators is primarily in the Z-axis.

• The geometry of the device results in the
desired deformation in the linear bearing.

• Hinging of the bearing in the plane of actuator
deformation is imperative to achieving efficient
deformation and desired patterns.

• LBv1 shows clear resonance frequencies at
3700Hz, 8850Hz, and 12,500Hz.

• LBv2 shows similar peaks at 4850Hz, 6750Hz,
and a main peak at 10,250Hz.

• These frequencies make up the initial test
parameters.
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LBv1 Impedance and phase vs frequency
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PZT I vs PZT J - Z Sweep comparison

(b)
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LBv2 - Distributed Z-Sweep
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Levitation Testing

V(t) = VDC + VAC · sin (ωt + ϕ)
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Squeeze film thickness vs loaded mass

0

1

(a)

(b)
17th International Conference on Sustainable Energy & Environmental Protection 8/13



1

Acknowledgements

2

Overview

3

Demonstration Video

4

FE Modelling

5

Testing

6

Impedance Analysis

7

Transportation

8

Publications

Digital Image Correlation
• Digital Image Correlation (DIC) used to confirm
forced excitation patterns.

• Setup in (a) used to carry out testing.
• 2x HS cameras at a shallow relative angle.
• Low flicker light source.
• External DAQ device for camera
synchronisation.

• 50,000FPS @ 448 * 184 px
• Resolution reduced to isolate ROI.

• Data collected using correlation of point data at
PZT boundary and central deformation point.

• Results show good correlation with those from
both FEA and displacement sensor.

• Demonstrating strong support for the forced
excitation results.

• Additional frequency response peak at 2fs will
need further investigation.
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Digital Image Correlation - Contd.

(a) (b)

(c) (d)
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Transportation Approach
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