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Abstract 
Recently, Out of all the nondestructive inspection technologies widely used at present, Infrared thermography 

has expanded its  application range gradually to industry. UIRT (Ultrasound Infrared Thermography) has a merit  
to inspect a wider range in a short time with no contact with the target object.  UIRT is one of the active 

thermography technologies, and when it injects infrared wave ranging 15 to 100kHz into the test material, heat is 
generated in the crack part and the heat source is measured by the infrared thermography camera to detect  

defects. The method used for this experiment was lock-in phase method out of all the active methods, and it can 
calculat e the size of defects by taking a particular stimulus as harmonic function and conveying it to the target 

object and then processing the response signals from the target object.  To detect defects effectively, the lock-in 
phase technique was applied to the experiment, with the ultrasonic vibration cycle and synchronized signals.   

The infrared thermography inspection equipment was composed of an ultrasound vibrator and an infrared 
thermography camera, and to minimize the thermal exchange between the specimen and the outer heat source, 

the experimental equipment was installed inside an insulated chamber.The ultrasonic vibrator was set as 10~200 
Watt in output and 1~20khz in frequency, Device used in this study has used a Terfenol-D type. and as an 

infrared camera for this experiment, this study chose Silver 420 Model NETD (Noise Equivalent Temperature 
Difference) 25 mK, made by Cedip in France.  For the detection sensitivity of infrared thermography, the surface 

of specimens was coat ed with ultra flat black paint with the emissivity regulated over 0.95 in order to provide 
similar conditions to those of a black body. In this study, we detected the defect by applying the optimal 

frequency that takes into account the characteristics of the materi al the frequency that single with. Depending on 
the characteristics of the variable frequency even in the same test specimens and experimental results , it was 

confirmed that an effect on the detection of the defect . 
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1.  Introduction 
 

Infrared has a longer wavelength than that of visible light among electromagnetic 
wavelengths. This infrared radiation is also referred to as an electromagnetic wave emitted by 

all objects with a temperature greater than an absolute temperature value. In recent years, 

infrared thermography has shown a tendency to be used in non-destructive testing areas in a 

new way, and its advantage that measures a wide range and allows a visible image to be seen 

has contributed to technology development in a variety of test methods. Infrared 
thermography is traditionally divided into passive and active methods. The passive method is  

a technique of measuring the energy emitted by the object, and the active method is to 

measure the energy after applying the energy to the object for inspection. In particular, active 

infrared thermography is in turn divided into mechanical and optical methods.[1] The 

mechanical methods typically include ultrasonic and eddy current methods, and the optical 
method uses a halogen lamp or a xenon lamp for inspection. Among these methods, ultrasonic 

infrared thermography is a technology for detecting the heat generated from the defective part 

by applying the excitation energy of ultrasonic bandwidth to the object. Up to now, fixed 

excitation method of piezo-type that has a single frequency has been used,[2] but it has posed 

difficulties in meeting different variables such as material shape acoustic impedance of the 
material, fixing method for the material, and shape and position of the defect, etc. In this 

regard, this study investigated the applicability of the defect detection using variable 
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ultrasound excitation inspection methods using Terfenol-D, a magnetostrictive material that 

can change the natural frequency. 

 

2. Experiment Material and Apparatus 
 
The dimension, which serves as the basis for the production of the specimen used in the 

experiment is based on KS B ISO 12106:2004 (Fatigue testing of metallic materials-axial-

strain-controlled method) as shown in Figure 1. The half-size specimens were manufactured 

for the purpose of the fatigue test. Among them, dissimilar weld specimens with microscopic 

defects in the welded zone are largely divided into deep defect specimen and thin defect  
specimen. The defective areas were examined using a liquid penetrant testing method to 

confirm the presence of defects. For deep defect specimen, SA106 and STS304 steels were 

used for the production of cracked dissimilar metal weld specimen. The crack specimen was  

manufactured by controlling the size of the defect in joining of dissimilar materials, and the 

presence of the actual defect can be identified through the liquid penetrant test as shown in 
Figure 2. The thickness of the defect specimen is 2.9 mm, and the depths of the defect on each 

side of the specimen are 1.24 mm and 1.85 mm respectively based on the bottom surface of 

the specimen. The width of the defect is 0.0044 mm, and its suitability for the defect 

specimen based on 5 ㎛ standard was verified using a microscope with x500 magnification 

through Figure 3. [3] 

 

Fig. 1. The specimen of micro defect 

 

(a) Opposite side of the defect (b) Defects of the side ( bottom),depth (1.24mm) 

(c) Surface defects (d) Defects of the opposite side , depth (1.85mm) 

Fig. 2. The Defect detection of micro defect specimen by the liquid penetrant 

Fig.3. The defect width measurement 



Figure 4 (a) shows the configuration of experimental method. For the experiment, ultrasound 

excitation device, control equipment and infrared thermography camera for synchronization 
with excitation frequency and measurement were used. A matt black paint was applied to the 

measurement surface for all specimens to have the same emissivity of 0.95. In addition, the 

defect was measured on the opposite side of the defective area so that the defect could not be 

directly seen. 

 
(a) The configuration of the experimental apparatus             (b)Actual experimental apparatus 

Fig. 4. Configurations of ultrasound excited thermography system 

 

3. Experimental results 
 
The usual ultrasonic excitation has  a natural frequency due to the use of PZT elements, and it  

is applied to the object by maximizing the frequency of oscillation. However, in the case of an 

actual object, the natural frequency varies depending on each material property, and it is not 

the same as that of the actual object in most cases, which poses the problems that inhibit 

maximization of defect detection using ultrasonic infrared thermography and various 
applications of tool horn used in ultrasonic excitation. As a method to solve these problems, 

an ultrasonic oscillator using a Terfenol-D element that can apply the excitation frequency of 

the ultrasound in a variety of ways was used. Figure 4 (b) contains an image showing the 

actual excitation experiment.[4] In the image of excitation horn, the tool horn was designed to 
allow the ultrasonic waves to be focused on one position. In the case of excitation horn using 

a Terfenol-D element, the tool horn is also available in a variety of shapes, and this can be 

achieved through the technology to use the oscillator according to the natural frequency of an 

object. 

Figure 4 shows a defect image that appears when variable ultrasonic excitation is applied to 
the actual defect specimen. Other conditions of the specimen are the same, and the ultrasonic 

excitation was applied using a square wave with a cycle time of 25 seconds. In the case of a 

lock-in technology using actual infrared thermography, a sine wave rather than a square wave 

is used in most cases. However, in the case of ultrasound infrared, if all generating power is 

100% or off with the use of a square wave rather than a sign wave, a good result value tends 
to appear in most cases. In this experiment, defects were detected using the square wave.  

The presence of actual defects can be confirmed through Figure 4. The result obtained 

through a 17.00 kHz excitation is shown in (a) of Figure 4, a 18.23 kHz excitation in (b), and 

a 19.00 kHz excitation in (c).  In reality, difference results were obtained when the experiment  

was conducted only by changing the frequency with respect to the same specimen. 
It is generally known that the higher the number of excitation frequencies, the easier the 

defect detection, but it is possible only when the actual object is subjected to the same 

excitation at a high excitation frequency. Unlike the case of the excitation frequency, if the 



natural frequency of the object is taken into account, the result of (b) displays the entire defect  

more effective compared to that of (c) as shown in Figure 4. This suggests that in the case of 
(c) defect, the optimum defect detection is possible when the defect width of the crack (depth 

from the base: 1.85 mm) that occurred at the top appears at 19.00 kHz of (c), whereas this  

result is not applicable to the defect (depth: 1.24 mm) at the bottom. In addition, it can be 

confirmed that 18.23 kHz of (b) is the excitation frequency appropriate for both defects at the 

top and the bottom. 
 

 

Fig. 5. Infrared thermography defect detection in accordance with a variable frequency 

 
4. Conclusion  

 

A variety of variables such as the shape and depth of the defect and fixing method, etc are 
applied to the same specimen under ultrasonic excitation, and based on these variables, the 

optimum defect detection method can be found through the variation in excitation frequency 

rather than the time frequency displacement in the fixed frequency. 
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