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1 Electromagnetically-driven HIFFUTSs

» The typical structure of flexural ultrasonic transducers is a piezoelectric ceramic
bonded to an elastic plate, with a fixed boundary condition.

» Advantages of piezoelectric-based flexural transducers include high sensitivity,
low power supply and low manufacturing costs.
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1 Electromagnetically-driven HIFFUTSs

>

>

>

Elastic plates with a fixed boundary can be driven
electromagnetically, utilizing Lorentz force,
magnetostriction force and/or magnetization force.

Advantages of electromagnetically-driven
ultrasonic transducers include no requirement of
bonding, no soldering points on the plate, more
flexibility of mode control and potential of wider
band frequency response.

A wideband electromagnetically-driven ultrasonic
transducers for fluid-coupled applications have
been designed and fabricated.
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1 Electromagnetically-driven HIFFUTSs

» Key features:
High sensitivity (~80 dB SPL at 100 mm with 7 VVpp input);
Wide bandwidth (-6 dB bandwidth: 40 kHz to 140 kHz);
Flat response (no obvious centre frequency)
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High directivity (~ 5° half beam angle); i A
_ N R ENEEN
» Currently at commercial opportunities !HE!!!!!! :

appraisal and application for patent stage.
More details will be presented at the next
meeting.
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2 Ultrasonic Levitation — an application of ultrasound

» A 3D printed mechanical structure has been
designed to hold two 40 kHz flexural
ultrasonic transducers facing each other,
where the distance between the transducers
can be adjusted.
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2 Ultrasonic Levitation — an application of ultrasound

» A standing wave with a wavelength of 8.6 mm is
formed in the air by the constructive interference
between the two ultrasonic transducers.

» Small particles like polystyrene balls and droplets
can be trapped in the antinodes of pressure of the
standing wave.

» The pressure at the antinodes is strong enough
(with an input voltage 20 Vpp) to defy gravity,
and the particles can hover in the air.
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2 Ultrasonic Levitation — an application of ultrasound

» The pressure with an ’
input voltage of 20 Vpp
IS strong enough to
levitate particles even
when the transducers

are placed horizontally.
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» Multiple particles can be levitated at the same time when
the input voltage is increased to approximately 80 Vpp.

» This technique can be potentially utilized in contactless
manipulation of particles.
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3 Flow measurement with flexural ultrasonic arrays
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3 Flow measurement with flexural ultrasonic arrays

40000~
38000~
36000-

32

sy

an i il
.u,'lll -_"‘Jll.l. | !

,J.‘.M‘“{.I' ."lu'wlul‘:-. g

il

I

T Flow Speed 0 m*/h
i | rI.||.I.-'.‘-‘ ” - o, e, AN A L .'Irllh:ll
.'|L||l||||l_I I:llflulll: .'I|I|IU'- JAAAAR s AR AAANAS AN
RYILLY
I .-r-nri‘-."
A .Illll I||||| | | ,"‘u_ AR AR saanmat AR A AR !
_'_-'| || | | ” || | ‘ ﬂ F| |I ||l||I|||||lI A || |I F, APAAAAAAAAAAAAAAAAAA AN VAAAAAAN

||I|||| ||||[I‘”| |'|flr|h ARAAAA AMVAAAAAA

WWU‘UWWWW%WMWW A

17 ZDElu

GU{IIU |

1
600u

16m

Upstream

Averaged ToA difference of neighbouring elements (upstream)
us

Averaged difference of Teas (10°° s)

Variation of optimum steering angle with flow rates

- @ -Measured resulis
—— Linear curve fitting

50

100

Flow ratesirnalh]

150

20 50

Downstream

Averaged T
"

Averaged difference of ToAs (107 s)

a0

itt0

Flow rates (m’/h)

- ©-Calculated resufts
— Lingar curve fiting

= K =downstream B
| e
N 381 . a.aﬁ'“
36+ Peg-?
2 od
g 34+ 00T
o 32 S
£ Loe®
g 30T
? 28+ ke
261 Ho e
“-K\ .
24 X e e e
>
22 -
0 500 1000 1500 2000 2500

Flow rates (m%/h)

Centre for Industrial Ultrasonics | University of Warwick | Dr. Lei Kang | EP/N025393/1



3 Flow measurement with flexural ultrasonic arrays
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4 Future research

«  Optimization and characterization of the electromagnetically-driven ultrasonic
transducers.

« Investigating and comparing electromagnetically-driven ultrasonic
transducers working with different principles.

«  Conducting high-temperature and high-pressure tests.
*  Preparing papers and patents.
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