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Cymbailtype transducers and devices, for (a) surgery, and (b) tuneable
frequency applications, utilising shape memory alloys
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A Research conducted with University of Glasgow academics and small satellite specialists, Clyde Space Ltd
A The purpose of the research was to develop a deorbit mechanism for small satellites. My major contribution w

to useNitinol shape memory alloy as part of the spageb deployment system
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Flexural Transducers

A The flexural transducer istmimorphdevice,with a piezoelectric
driver bondedto a metalcap.

A The vibration of the piezoelectric element causes bendifite
metal cap, withsignificant vibratioramplification

A A notable advantagef flexural transducersompared to standard
ultrasonic transducers is théhe transducer couplesfficiently to
low-impedancemedia,operatingwith lower input voltage.

A Rexuraltransducers have beegxploitedfor arangeof
applicationsjncludingfor non-destructiveevaluation, andas car
parkingsensors.
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U T.J.R. Eriksson, SRamadasand S.M. Dixon, "Experimental and simulation characterisation of flexural vibration mag&sniorphultrasound

transducers,'Ultrasonicsvol. 65, pp. 24248, 2016.

U0 T.J.R. Eriksson, S.M. Dixon, and Bawadas"Metal cap flexural transducers for aioupledultrasonics' In 4B5'Annual Review of Progress in Quantitative

Nondestructiveevaluation: Volume 34AIP Publishing, vol. 1650, no. 1, pp. 22891, 2015.

U T.J.R. Eriksson, S.M. Dixon, and Bahadas"Flexural mode metal cap transducer design for specific frequency air coupled ultrasound genehatiri,3 IEEE

InternationalUltrasonicsSymposium (IUSpp. 16021605, 2013.
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Modes of Vibration
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A The modes of vibration of a flexural
transducer can be considered in
terms of plate vibration modes

A Flexural transducers are commonly
driven in the (0,0) and (1,0)
fundamental axisymmetric modes
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Principal Objectives

Currently,flexural transducerare manufactured and driven embient atmosphericonditions, up to
approximately 50kHz. Flexutahnsducers which can operate effectively at higher frequencieslasgable,

since at frequencies around 50kHz, the associated signal wavelengths are relatively long, thereby decreasi
measurement resolution. These new transducers are also desired to endure high pressures (around 200 be
andtemperatures of the hostilenvironmentsof manyindustrialapplications. The new transducer class is
termed HIFFUT (High Frequency Flexural Ultrasonic Transducer)

Exploration of different driving mechanisms for HiIFFUTSs, including using a range of different piezoelectric
elements, and through electromagnetic excitation

Development of hardware and software algorithms for ultrasonic beam steering with flexural arrays, after
which demonstrator technology can be produced

For this research investigation, four work packages have been proposed:
Calculationand subsequent publishing of parameter matrix for HiIFFUdesign
The electromagnetic driving of flexural transducers

1

2.

3. Evaluation of transducer performance in hostile environments

4 Development of demonstrator applications, focusing on outreach and engagement 9
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Staffing and Resources

Research Team
Two postdoctoral researchegsone employed for four years, and a second employed for three years, upon
completion of Work Package 1.
A skilled technician, Jonathan Harrington, recently joined the Department of Physics
Two postgraduate research students will be involved during the course of the fellowship
Undergraduate project students will contribute to the research through dissertdéweal research projects

Key Resources and CIU Facilities
Transducer fabricationapability, including piezoelectric ceramics
Opticaltest equipment, including a Laser Doppl@brometer(Polyteq for measuring the modal vibration of
transducers|nterferometersfor accurate displacememheasurement, andhermal imagingequipment
Ultrasonicpulsersand amplifiers for drivingiezoelectricdevices and EMATs (Electromagnetic Acoustic Transduc
RapidPrototyping, with two 3D printers available for fast production of laboratory components
Project webpage:http://www2.warwick.ac.uk/fac/sci/physics/research/ultra/research/hiffut
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Current Research Contributions

Finite element analysis software, PZFlex®, has been used to desigr —
prototype titanium HiFFUT, in the form of elRaxisymmetric model -
The dimensions of the HIFFUT have been set to ensure the frequen
of the (0,0) and (1,0) modes exist between BIDkHz
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Current Research Contributions
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Simulation results for the HiIFFUT operating in the (0,0) mode, showing (a) the normalised amplitude
profile as a function of frequency at the centre of the cap output face, and (b) the calculated mode shape.
Note that a symmetric boundary condition is placed in the finite element model
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Current Research Contributions

Simulation results for the HIFFUT operating in the (1,0) mode, showing (a) the normalised amplitude
profile as a function of frequency at the centre of the cap output face, and (b) the calculated mode shape.
Note that a symmetric boundary condition is placed in the finite element model
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