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Development and Characterization of Ultrasonic Transducers for
High Temperature Contact Measurement
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Abstract Piezoelectric ultrasonic transducers for high temperature contact measurement were developed. These
high temperature ultrasonic transducers (HTUT) consisted of bismuth titanate piezoceramic element whose
Curje temperature is higher than 600C, a backing material of the mixture of tungsten powder and inorganic
binder, an inner alumina tube, a wear plate and a housing. The operational frequencies of the HTUT were 1.04
and 2.08 MHz, respectively. Various commercially available couplants for high temperature were evaluated and
compared. As a couplant for high temperature ultrasonic testing between HTUT and test specimen, gold epoxy
was selected. The peak amplitude of pulse-echo signals from steel test specimen decreased with increasing
temperature. The operational temperature of the HTUT reached up to 500C at which the continuous contact
measurement was possible.

Keywords: high temperature measurement, high temperature ultrasonic transducer, high temperature
piezoelectric material, couplant
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Table 1 Physical and electrical properties of

bismuth titanate piezoceramic

Parameter Value

Relative Dielectric Constant 165
Thickness Coupling Coefficient, kt >0.15
Piezo electric strain constant ~18

(10"*Coul/Newton), dss

Piezo electric voltage constant 145
(10"*Coul/Newton), gss ’

Mechanical Quality Factor (Thickness), QM 100

Density (gm/cm”) 72

Acoustic Impedance (MRayl) 29
Sound Velocity (m/sec) 4165 h

Curie Temperature (C) >600

Thermal Coefficient of Expansion
(10™°cmiem/C)
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Fig. 1 Schematic diagram of the high temperature

ultrasonic transducer
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Abe] AFelw 1 9 128 HAEA HFAZ Zo HA L2g AeANA A AZHESY A9 E
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250 FEAE VIskste AEAAT. A A9 couplants
250 YAIEE AT g8 29 2xE e
AN 500CHAR ANE =rA71EA AHe EH Maker O.T.~maker) | F.P.(this study)
;Jr jt‘iogj% iﬁ;j_;j%”} AEs A5sd A Sono (USA) 350~580C 375C
Panametrics (USA) 260~540C 350°C
4. ¥y U s
KrautKramer (German) ~550C 300C
41, 128 FEHES 2R EMH 4
Epo-Tek(USA) - 5000
A4 Agsel BT gl Aeel nes A 90 200
ZAEY Ysle 12 EAL BAsATh 7A A ) O.T. notes operating temperature by maker.
B 9o 72t AZHES JAY ©¥E TS 500C F.P. notes flash point in this study.
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Fig. 2 High temperature ultrasonic testing system
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Fig. 3 The main bang and the pulse-echo signal
of the manufactured ultrasonic transducer
for high temperature from 40 mm thickness
of steel block
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Fig. 4 Frequency spectrum of pulse—echo signal of
the manufactured ultrasonic transducer for
high temperature from 40 mm thickness of
steel block
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Fig. 5 Durability test results of the manufactured
ultrasonic  transducer for high temperature
under 500°C of environmental condition
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