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Abstract 

The objective of the work presented here is the development of an ultrasonic transducer 

which works under in-situ high temperature conditions in Liquid M etal Fast Breeder Reactor 
(LMFBR). The authors have previously demonstrated the working of contact-type high 

temperature transducer for under sodium viewing. Key features of this design are rugged outer 
casing and pressure contact. However, in extending this approach for direct defect 

characterization, the key challenges are in improving working temperature range of the active 

element and prevention of debonding of interfaces within the transducer. Hence, two solutions 
are proposed, a high temperature transducer with active elements Lead Zirconate Titanate (PZT) 

and Lead Meta Niobate (LMN or PbNb2O6) and the other with thin-film PZT active element. The 

advantages and disadvantages of these approaches are detailed.  

Introduction 

 Non-Destructive Evaluation (NDE) of nuclear reactor structures is essential to ensure 
safe working conditions. Conventional NDE is performed during dedicated maintenance as most 
current methods require plant shut-down to let structures and components to cool. In-service 

continuous monitoring is thus of much interest to reduce downtime. A variety of methods have 

been investigated over the years. Ultrasonic inspection has proved to be very efficient and 
reliable in detecting and monitoring growth of defects [1, 2]. Ultrasonic sensors operating at high 
temperature have been developed for particular applications like NDE of hot steel plates and 

pipes, wall thickness measurement, weld inspection [3] and long term measurements in a liquid 
Pb/Bi alloy [4].  

This paper is based on a current research by the authors to address the problem of in-
service monitoring of structures at 200 °C. Two solutions are proposed to this problem; the first, 
development of an ultrasonic transducer with elements Lead Zirconate Titanate (PZT) and Lead 

M eta Niobate (LMN or PbNb2O6), and the second, with thin-film PZT active element. This paper 
is organized as follows; the components of the prototype ultrasonic transducer and their 

functions are explained in the section under proposed design. However, the prototype ultrasonic 
transducer with PZT and LM N disc-active element faced a major drawback during continuous 
high temperature operation: the evaporation of couplant between the active element and the 
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cover plate which causes the ultrasonic energy to get completely reflected completely within the 
transducer and not get transmitted to the specimen under examination. To overcome this 

drawback, the second solution was proposed. The prototype ultrasonic transducer with PZT thin-
film active element eliminates the need for this couplant by using a cover plate integrated with 
the thin-film deposited PZT active element. The experimental procedures are explained in the 

section under methods, followed by discussion of the results of these studies. Then, the directions 
for future work are laid out. 

 

Proposed design 

 This section, divided into two, briefs the components and their function for both the 
proposed solutions. The major difference in the design of two proposed solutions is in the 

coupling of the active element with the cover plate. Figures 1 and 2 show the schematic and 

photograph of the prototype ultrasonic transducer with PZT and LM N disc-active element, and 
with thin-film active element, respsectively. 

1. Ultrasonic transducers with PZT and LMN as active elements: 

 This section details the design, components and working of two ultrasonic transducers 

with PZT and LMN as active elements. The ultrasonic transducer consists of the following 
components, a Stainless Steel casing, a cover plate, Ceramic collars, backing mass and a slot 
made to accommodate the active element. The backing mass is in electrical contact with active 
element serves to minimize ringing. The backing mass, the casing and the cover plate are made 

of Stainless Steel. This is to ensure that they withstand the high temperature environment. The 

Ceramic collar serves as refractory insulation to reduce the amount of heat taken by the active 
element. A schematic of the developed ultrasonic transducer and its photograph are shown figure 
1. A screw is also designed onto to the top of the ultrasonic transducer, which serves to hold the 
backing mass and the active element in place. Commercially  available 1 M Hz Ceramic crystal 

PZT and LM N in the form of discs (available from www.sparklerceramics.com) are used as 

active elements. Alternating voltage is supplied to the insulated threads. These threads which 
hold the backing mass and the active element conduct this alternating voltage to the active 
element, resulting in generation of ultrasonic sound waves into the medium under examination. 

2. Ultrasonic transducer with PZT deposited as thin-film as the active element:  

 The active element in this proposed solution is deposited in the form of a thin-film by 
paint deposition technique on the wear plate of the transducer. Use of thin-film deposited PZT as 

active elements for the generation of ultrasonic energy has been demonstrated by Kobayashi et 
al. [5, 6]. Techniques for generation of ultrasound for extended periods at high temperatures are 

reviewed in [7]. The use of the active element in the form of thin-films eliminates the need for a 

couplant between the active element and the wear plate. The thickness of the film deposited is 
approximately 650 µm and the diameter is 13 mm. The cover plate is designed such that it can be 

tightly  treaded onto the casing which would ensure proper contact. Design and fabrication of the 
ultrasonic transducer with PZT deposited as thin-film is evidently  similar to the developed 
ultrasonic transducer with disc active elements.  



 

(a)                                                         (b) 

Figure 1: (a) Schematic, (b) Photograph of the prototype ultrasonic t ransducer 

 

 

Figure 2: Photograph of the cover plate with thin-film PZT  
 

Methods 

 This section details the experimental procedure used in the studies of the proposed 
solutions to address the problem of in-service continuous monitoring at high temperature. The 
operating temperature range of the ultrasonic transducer with PZT and LMN discs shaped active 
elements is limited by two factors, namely, the Curie Temperature of the active element and the 

operating temperature of the couplant used.  

1. Ultrasonic transducers with PZT and LM N  as active elements: 

The following experiments demonstrate working of the developed ultrasonic transducer in room 
temperature and high temperature. 

a) Working at high temperature: 

To demonstrate working at high temperature, similar experimental setup (figure 4) is 
used. The only difference is that the developed ultrasonic transducer along with the test block of 

Aluminium is placed inside a furnace. Temperature is gradually  increased from room 
temperature to 200 °C. After every increment of temperature, a choke time of around 20 minutes 
are provided so that, the temperature inside the furnace is uniform. A commercially available 

high temperature couplant Sonotech Pyrogel Grade 100 [8] was used in these experiments.  



 

 (a)                                              (b) 
Figure 4: (a) Schematic, (b) Photographs of experimental setup 

 

 

2. Ultrasonic transducer with PZT as a thin-film active element: 

 The ultrasonic transducer with PZT thin-film active element, the thin-film deposited is 
approximately 650 µm thick. It is crucial to determine the optimum input variables of the 

transducer to get the best response from it. The most important of them are determination of 

central frequency and determination of optimum input voltage. Once the central frequency and 
optimum input voltage are determined, the final experiment is to test the transducer at high 
temperature ranges.  

a) Determination of central frequency: 

 

Figure 5:  Photograph of experimental setup 

 

 The experimental setup to determine the central frequency of the developed prototype 
ultrasonic transducer is described in figure 5. The RITEC 4000 is used as the pulser-receiver [9]. 

A LASER Vibrometer measures the output from the bottom end of the test block and is 
displayed on the oscilloscope (Agilent Technologies) [10].  



b) Working at high temperature: 

 The final experiment is to establish working of the developed ultrasonic transducer with 

thin-film deposited PZT as active element is at high temperature. The experimental setup is very 
much similar to previous experimental demonstration of the working of ultrasonic transducer 

with PZT and LM N disc as active elements at high temperature. 

Results 

 The results of the experimental studies conducted are discussed in this section. The 
following results establish working of the developed prototype ultrasonic transducer at high 
temperature ranges.  

1. Ultrasonic transducers with PZT and LMN as active elements: 

The first and the second part of this section explain the results from experimental studies 
conducted on the first proposed solution to in-service continuous monitoring at high temperature 

with the developed prototype ultrasonic transducer with PZT and LM N disc-active and with thin-
film PZT deposition as active element, respectively. 

(a) Ultrasonic transducer with PZT disc-active elements: 

The following displacements versus time plots recorded at different temperatures 

establish the working of developed ultrasonic transducer with PZT. The recorded A-scans are 
stacked one below the other for temperature range 50 °C to 200 °C, (figure 6) show marked 
decrease in amplitude of reflected signal from back wall of the test block. During continuous 

operation at high, the amplitude of the reflected signal decreases; this is caused due to the 
degeneration of the acoustic couplant.  

 

Figure 6: A-Scans recorded by prototype ultrasonic t ransducer in the temperature range 50 °C to 200 °C. 

 



(b) Ultrasonic transducer with LM N disc-active elements: 

The following A-scan at 200 °C establishes the working of the transducer at high 

temperature. The reflected signal is encircled in figure 7. Similar to results from PZT disc active 
elements, there is a decrease in amplitude of reflected signal, making the prototype ultrasonic 

transducer unsuitable for continuous in-service operation at high temperature. 

 

Figure 7: A-scan at  200 °C using the ult rasonic transducer with LMN as act ive element . 
 

 

2. Ultrasonic transducer with PZT as a thin-film active element: 

This sub-section explains results for two experimental studies conducted; the first, to 
determine the central frequency and the second, to establish working of the developed prototype 
ultrasonic transducer with thin-film PZT active element. 

(a) Central frequency of the ultrasonic transducer 

FFT of the response of the developed prototype ultrasonic transducer, detected by the 
LASER Vibrometer, shows that the central frequency is approximately  1 M Hz. The FFT plot: 
amplitude versus frequency graph is shown in figure 8. 

 

 
 
 

Figure 8: FFT  of response of the ult rasonic t ransducer with thin-film act ive element  



 

(b) Results for working at high temperature: 

 

Figure 9, A-scans at  different  temperature range from 50 °C to 190 °C 

 

 Figure 9 show A-scans from the ultrasonic transducer with PZT thin-film. The thin-film 
active element is capable of sustaining high temperature without disbonding from the cover 
plate. Thus, this method is suitable for continuous in-service operation at high temperature 

ranges. These stacked A-scans at different temperature ranges establish the working of the 
developed ultrasonic transducer at high temperature. 

 

S ummary and Future work 

 
 The work presented here has demonstrated the working of the developed ultrasonic 

transducer with PZT and LM N discs, and PZT thin-film deposits as active elements. Although, 
the ultrasonic transducer with PZT and LM N disc-active elements can operate at high 
temperature briefly , only the ultrasonic transducer with thin-film active element can sustain high 

temperature for longer duration and are suitable for continuous in-service operation.  
 

An ultrasonic transducer with PZT thin-film active element has the following advantages 
over their disc active element counterpart, (i) they do not require an acoustic couplant between 
the active element and the cover plate (ii) they can be used for transduction of ultrasonic energy 

even when the material under examination doesn’t have flat surfaces. Future work should include 
studies at higher temperature ranges. With proper modifications in design, this work may be 

extended to ultrasonic NDE under immersion. 
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