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Abstract

Direct attachment of piezoelectric transducers on hot targets raise formidable

challenges as piezoelectric materials will lose their piezoelectric characteristic at elevated

temperature due to Curie temperature limitation. In this paper, an attempt was made to build

an integrated probe for hot target which enables to alleviate innovatively the Curie

temperature limitation. In addition, the problem of sensor debonding due to the mismatch of 

coefficient of thermal expansion between the target, sensor and bonding material was 

experimentally illustrated. A fiber acoustic wave PZT (FAWPZT) sensor was then used to 

solve the debonding problem and Curie temperature limitation. The FAWPZT sensor was 

made from a stainless steel fiber, with one end welded on the hot target and the other end 

bonded with a PZT sensor. An ultrasonic propagation imaging (UPI) system consisted of a Q-

switched Nd-YAG pulsed laser (QPL) with 20 Hz-repetition rate and a motorized tilting

mirror system (TMS) for rapid scanning of target was successfully applied on a 

stainless steel target plate at a temperature of about 1503mm1500500
o
C. Although the 

target temperature stood at 150
o
C, the temperature of the PZT part in the FAWPZT remained

almost room temperature. The UPI system scanned a area of interest on the

target enclosed with an artificial 2 mm-open crack. The result was presented in the form of 

ultrasound wave propagation movie visible as a concentric wavefield emerging from the 

sensing point. The damage was detected and visible as scattered wave emerging from the 

location of damage. Overall, the result confirmed that the FAWPZT sensor combined with a 

QPL is an economic technology with good potential for implementation in hot target

integrated structural health monitoring.
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1. Introduction

Ultrasonic wave has been widely used in structural health monitoring (SHM) systems

because ultrasonic waves are sensitive to most flaws, are not radiation hazardous, and provide 

many features for flaw characterization. Among them, SHM systems utilizing piezoelectric

transducers such as PZT transducers have shown prominent advantages for a wide range of 

structures made of metallic or composite, for example pressure vessels, rocket engine pipe [1]

and wind turbine [2]. However, PZTs will lose their piezoelectric characteristic when they are

heated to their curie temperature. Application of PZT technology on structures at elevated 

temperature, for example boilers and chemical reactor hence encounters formidable

challenges. In order to grasp the advantages of using PZT transducers, a study had been 

undergone to determine the temperature withstanding capability of a simple PZT ultrasound 

pitch-catch system. It was then found that the problem of sensor debonding due to the miss-

match of coefficient of thermal expansion between the target, sensor and bonding material

was difficult to surmount. Getting the idea from the ultrasonic structural evaluation in 

cylindrical rod-like waveguides like multiwire strands [3,4], bolts [5], and also the 

environmental sensing based on optical fibre ultrasonic waveguide [6,7], a fibre-guided 

acoustic wave PZT (FAWPZT) sensor was developed to solve this problem. A Q-switched

pulsed laser (QPL) combined with this FAWPZT sensor was used to form an ultrasound 

propagation imaging (UPI) system [8] for the hot target inspection.

2. Methodology 

2.1 Problems in direct bonding of PZT transducers on hot target. 

Two PZTs were bonded using high-temperature adhesive epoxy on a 

aluminum plate for ultrasound pitch-catch configuration, as shown in 

Fig. 1. The dimension of the PZTs was 

3mm0.5702300

mm2.0110 and they were made of soft type 

material with curie temperature . The distance between the PZTs was

. The actuator PZT was connected to a function generator with  hamming-

windowed sine tone burst of with burst rate of . The receiver PZT was

connected to a programmable filter set at band-pass , and then to a digital

oscilloscope. The effect of connecting a programmable filter on the signal at room

temperature was studied and it was found that the time-of-flight (ToF) deviation due to the 

filter, as shown in Fig. 2, was slight and it was safely neglected for the subsequent experiment.

A hot wind generator was placed at the opposite site of the aluminum plate to heat the target

structure. A thermocouple was attached adjacent to the receiver PZT to sense the operating

temperature of the receiver PZT. The signals from the thermocouple were sent to a data 

acquisition terminal card and were acquired by a computer at a quasi-real time rate for 

temperature monitoring. Function generator was activated and a 256 averaged ultrasound 

signal was saved from the oscilloscope when the temperature was at (the room

temperature), , and the subsequent multiples of .
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Fig. 1 Schematic of experiment for direct bonding of PZT transducers on hot target.
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Fig. 2 Effect of using filter on the ToF of signal acquired at room temperature.

2.2 Utilizing FAWPZT sensor and QPL on hot target. 

A FAWPZT sensor was used to solve the transducer debonding problem explained in 

the result discussion for Section 2.1. The schematic of the experiment was shown in Fig. 3. A

SUS-304 stainless steel plate with a artificial slit at (230, 260) 

mm from left bottom corner was used as target. The FAWPZT sensor was made from a SUS-

304 stainless steel fibre with diameter and length . One end of the fibre was 

welded at (250, 200) mm and the other end bonded with a receiver PZT that has a central 

frequency . The receiver PZT was connected to an amplifier, a programmable filter

for bandpass filtering at , and then to a digital oscilloscope. A hot wind 

generator was placed at the opposite site of the steel plate to heat the target. A thermocouple

was attached to the PZT bonding end of the steel fibre and another thermocouple was attached 

adjacent to the welding point of the FAWPZT sensor on the target for temperature monitoring

of both the target and the receiver PZT. The signals from the thermocouple were sent to a data 

acquisition terminal card and were acquired by a computer at a quasi-realtime rate. 

3mm1500500 2mm21

mm6 mm1000

kHz350

MHz00.1~96.0

A UPI system consisted of a Nd-YAG QPL with 20 Hz-repetition rate and a motorized
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tilting mirror system (TMS) was used to scan the target. The scanning area was a 

area on the target with the artificial damage enclosed, and the laser impinging

interval was . One scan was performed at room temperature so that comparison can 

be made with result from hot target scanning. Hot target scanning started when the 

temperature of the target reached . The scan paths were vertical followed by small

horizontal displacement as in Fig. 3. Ultrasonic waves generated at each laser impinging point

along one vertical movement were stored on one data spreadsheet according to the data 

structure illustrated in Fig. 4(a). It was then rearranged to get the structure illustrated in Fig. 

4(b) and sliced along the time axis so that each slice of data physically maps the ultrasonic

magnitude at every laser impinging points of the scanned area. The sliced data were smooth

using small kernel 

2mm100100

mm5.0

C140 o

2_33 spatial averaging, and then the smoothed data were loaded to an 

intensity graph successively to generate the ultrasound propagation movie. Every plot of 

intensity graph also represents one image snapshot from the movie.
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Fig. 3 Schematic for experiment using FAWPZT sensor and QPL on hot target.
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Fig. 4 Data structure and processing. (a) Data for one vertical scan saved on one data 

spreadsheet. (b) Rearrangement and slicing of data along the time axis. 
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3. Results and discussions 

The temperature history for Section 2.1 were given in Fig. 5. Ultrasound signals

acquired at points A, B, C and D in Fig. 5 were given in Fig. 6(a) while their amplitude was

plotted in Fig. 6(b). It can be seen that the magnitude and ToF of the signal increased when 

the temperature increased to but the signal vanished when the temperature was 

. The experiment was ended at point E when the temperature was due to the

melting of lead wire soldering on the PZT. In fact, the curie temperature of the PZT is 

, which is far more higher than the temperature of point D. The vanishing of the signal 

at point D was due to the debonding of the PZT receiver at elevated temperature. The average 

coefficient of thermal expansion (CTE) for aluminium alloy is , PZT is

 and epoxy is . It was believe that this CTE mismatch caused the

debonding when the system undergone large temperature difference. In order to reduce the 

CTE mismatch across the bonding layers, the experiment was repeated with a stainless steel 

wear plate (CTE= ) bonded between the target aluminum plate and the PZT

transducers. However this step did not eliminate the debonding problem.
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Fig. 5 Temperature history for experiment in Section 2.1. 
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Fig. 6 (a) Signals acquired at different temperature. (b) The plot of ultrasound amplitude at 

each temperature.

The temperature history of experiment Section 2.2 was shown in Fig. 7. It can be seen 
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that although the temperature of the target undergone great increment to as high as 

during the experiment, the fibre of the FAWPZT sensor effectively kept the temperature of the 

PZT component low throughout the experiment. The result for Section 2.2 was presented in 

the form of ultrasound wave propagation movie visible as a concentric wavefield emerging

from the sensing point. Fig. 8(a) shows the slit damage and the FAWPZT sensor welding 

point on the target plate. A snapshot from the result of room temperature scanning was given 

in Fig. 8(b) while a snapshot from the result of hot target scanning was given in Fig. 8(c). The 

damage was detected and visible as scattered wave emerging from a source at the damage

location. Comparison of these snapshots as well as their corresponding ultrasound 

propagation movie shows that the temperature difference for both scans did not affect the

results.

C145o

The experiment was repeated using a shorter FAWPZT sensor, i.e.  long for

comparison. The snapshot taken from the result was given in Fig. 9. The comparison with 

previous FAWPZT sensor case shows that the ultrasound propagation movie for 

the shorter FAWPZT sensor case is clearer. We can logically deduce that the signal lost is

lower for a shorter FAWPZT sensor.
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Fig. 7 Temperature history of Section 2.2 at the target plate and at the fibre end bonded with 

PZT sensor.
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Fig. 8 Snapshots from the ultrasound propagation movie. (a) The target with slit and FAWPZT

sensor welding point. (b) Snapshot from room temperature scanning. (c) Snapshot for hot 

target scanning. Click figure for the movie. 



DEFEKTOSKOPIE  2008                         85 

Fig. 9 Snapshot from the ultrasonic propagation movie for the  FAWPZT sensor

case.

mm500

4. Conclusion 

Transducer debonding problem was demonstrated in PZT transducers based hot target

ultrasonic inspection. The debonding problem happened although the temperature was 50% 

lower than the curie temperature of the PZT transducers. In order to solve the problem,

FAWPZT sensor-based UPI technology was introduced. The fibre of the FAWPZT sensor 

successfully kept the temperature of the PZT component low throughout the experiment. The 

results in the form of ultrasound wave propagation movie visible as a concentric wavefield

emerging from the sensing point were presented. The damage was detected and visible as 

scattered wave emerging from the location of damage. The results confirm that the FAWPZT

sensor combine with a QPL is a technology with good potential for implementation in hot 

target integrated SHM. 
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