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High Frequency Ultrasound Measurement

Log-scale Impedance (£2)

Measurement of high frequency ultrasound in air using two FUTs, one
as a transmitter and one as a receiver.

Separation: 500 mm, but with the capacity for data acquisition at much
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greater distances.
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High Frequency Ultrasound Measurement

(1,0) mode at 176.2 kHz
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All datarecorded with one FUT
as a transmitter and one as a
receiver separated by 500 mm
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High Temperature HIFFUTs

. Two high temperature HiIFFUTs constructed.
. Custom pressure rig used to bond components together.
. A high temperature epoxy resin (EPO-TEK® 353ND) used.
. Titanium (Grade 2 ASTM) cap.
. PZ46 bismuth titanate (BiT) ceramic (Meggitt), 0.89 mm thick, 6.35 Laser-cut
mm diameter. Disc, cut from Ti sheet, with Side-wall membrane
: . ecess cut
BiT ceramic bonded on top, . .
A11.46 . into tubing
~ - ./formmg the membrane

Assembled Configuration

Prier to laser welding Ti tubing to act as transducer side-wall

Cap components fabricated from laser welding 4




High Temperature HIFFUTs

(0,0) mode, PZFlex FEA

. LDV and microphone measurements (distance of 65 mm) undertaken at room
temperature prior to thermal characterisation.
. Laboratory furnace (Pyrotherm) used for thermal characterisation, at 300 mm.
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High Temperature HIFFUTs
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Measurement at High Pressure

. Full system assembled and tested, with a ratiometric Pressurisation port for
pressure sensor (Honeywell) for pressure measurement. / connection to the pump

. Two M.Phys. dissertation students have conducted tests
on commercial FUTs and FUTs with oil in the housing.

Thermal Detection Ltd High Ho?;):"‘i“;"'\lg_rre(s:sum Sensor
Pressure Insulated Wire Sealing R -d 3(())886Ct'|0207 A
Gland (HPPL) ated up to psi ( ar)

* Viton sealant * Ratiometric

* Seals up to 2070 bar (at 20°C)
* Grade 316L stainless steel

ICATORS) COMPANY L0
MK4 Hill Air Pump

.
* 1/8” BSP Connection / {
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Sample Data at High Pressure
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Research Output (Sep. 2017 — Present)

PAPERS

. A. Feeney, L. Kang, and S. Dixon, "High frequency measurement of ultrasound using flexural ultrasonic transducers," IEEE Sensors Journal, Accepted subject
to approval of revision, 2018.

. A. Feeney, L. Kang, G. Rowlands, and S. Dixon, "HiFFUTs for high temperature ultrasound," Proceedings of Meetings on Acoustics, vol. 32, no. 1, 045003,
2017.

. A. Feeney, L. Kang, G. Rowlands, and S. Dixon, "Dynamic characteristics of flexural ultrasonic transducers," Proceedings of Meetings on Acoustics, vol. 32,
no. 1, 045002, 2017.

. L. Kang, A. Feeney, and S. Dixon, "Flow measurement based on two-dimensional flexural ultrasonic phased arrays," Proceedings of Meetings on Acoustics,
vol. 32, 2017.

. A. Feeney, L. Kang, and S. Dixon, "Nonlinearity in the dynamic response of flexural ultrasonic transducers," IEEE Sensors Letters, vol. 2, no. 1, pp. 1-4, 2018.
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PRESENTATIONS & PUBLIC ENGAGEMENT

. A. Feeney, L. Kang, and S. Dixon, "HiFFUTSs for high-temperature ultrasound,” The 2017 International Congress on Ultrasonics, Honolulu, Hawaii, USA,
December 2017.

. A. Feeney, L. Kang, G. Rowlands, and S. Dixon, "Dynamic characteristics of flexural ultrasonic transducers," The 2017 International Congress on Ultrasonics,
Honolulu, Hawaii, USA, December 2017.

. L. Kang, A. Feeney, and S. Dixon, "Flow measurement based on two-dimensional flexural ultrasonic phased arrays," The 2017 International Congress on

Ultrasonics, Honolulu, Hawaii, USA, December 2017.
. A. Feeney and L. Kang, demonstrators of ultrasonics and HiFFUT research to the public, XMaS Science Gala, University of Warwick, January 2018. 9



Next Steps

. Complete fabrication and testing of demonstrator piezoelectric HIFFUTSs.

. Develop the second phase of HiIFFUTSs for high temperature applications, accounting for the
outcomes from the first phase reported at the 2017 International Congress on ultrasonics.

. Construct and test a laser-welded HIFFUT.
. Design HiFFUTSs for high pressure environments towards 200 bar.

10



Project Gantt Chart o P e

- Activity of PDRAZ, Pl & Technician ——3
Tasks/ Deliverables Month 1-6 | A2 ] 1318 | 19-24 | 25-30 ( 31-36 | 37-42 | 43-48 | 49-54 | 56-60
WP1 | Calculate and publish parameter matrix for
RAat1 | HIFFUT design

Pl Design matrix for HIFFUT calculated and published.
Tech - - Ms1.2
Four demonstrator piezo based HIFFUTSs tested. .

WP2 | Driving flexural transducers electromagnetically

RA1 | Lorentz force based HIFFUT ( MS2.1
?Lch magnetostrictive force based HIFFUT. Ms2.2
WP3 | Evaluating transducer performance in hostile ~
RA2 | environments
Pl Design / construct / test pressure cell. .
L8l Design / construct [ test temperature cell 2
Design / construct / test high pressure HIFFUTs IMS3.3
Design / construct / test high temp HIFFUTs .
WP4 | Demonstrator applications, Outreach and
Engagement
m‘; Demonstration of steerable array MS4.1
P Online resources and data storage [ _IMS4.2 J:' - 1
Tech | General industry B / user engagement activities [ = o = [EE L o L
Public lecture or science fair @ ] ] ]
School visit O / open day or widening participation] \ O O |:|/ mIMS4. 4fu| O O O O O
Advisory Committee meetings [ 2 n 5 5 i 3 g 10




