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Abstract. In order to investigate the vibration characteristics of the object in the nondestructive test 
using thermosonics, the device for measuring vibration micro-displacement was built based on the laser 
displacement sensor and the ultrasonic excitation equipment. On this basis, the vibration displacement 
of the object was measured under the condition of ultrasonic loading with the frequency of 40 kHz and 
non-ultrasonic loading respectively. Then, the analysis on the frequency spectrum of vibration 
displacement obtained by the test was carried out. The obtained results show that there is fundamental 
frequency in the vibration spectrum of the object as well as the high-order harmonic frequencies, which 
confirms the existence of acoustic chaos in the thermosonics detection test. This work is of importance 
as it lays the foundation for the further investigation on the detection mechanism of thermosonics. 

Introduction 
Thermosonics is a new nondestructive testing technology [1-3], which uses ultrasonic wave as a heat 

source to cause object with surface damage to the surface damage to generate heat and utilizes the 
infrared camera to capture the thermographic images to observe the damage. This method is very 
suitable for detecting the joint damages such as surface/subsurface crack, delamination caused by 
impact etc.. 

Motivating the ultrasonic vibration of the object is the prerequisite for the nondestructive testing 
using thermosonics. Thus, the investigation on vibration characteristics attracts many attentions, 
especially the discovery of acoustic chaos phenomenon. In 2002, Xiaoyan Han etc. pointed out that the 
contact state between the ultrasonic gun and the specimen had an important influence on the generation 
of acoustic chaos, which did not depend on the existence of crack [4]. Moreover, they indicated that the 
presence of acoustic chaos could enhance the thermoraphic signal at the crack, and improved the 
detection capability of thermosonics [5, 6]. Afterwords, a series of numerical simulations on metal 
structures were carried out, which demonstrated the nonlinear vibration phenomena in the experiment 
through the analysis on the model vibration waveform and spectrum diagram of the metal structures 
[7]. In addition, I. Y. Solodov and B. A. Korshak pointed out that the generation of subharmonics was 
due to the existence of non-linear effect nearby the damage of object [8]. The authors of this paper [9, 
10] investigated the vibration mode using finite element numerical simulation model and found the 
existence of the acoustic chaos in the thermosonics detection. But they did not perform the experiment 
to validate the simulation results. 

Therefore, the device for measuring vibration micro-displacement was built based on the laser 
displacement sensor and the ultrasonic excitation equipment and the vibration displacement of the 
specimen was measured using laser displacement sensor. Then, the frequency spectrum of the object is 
obtained using FFT transform to investigate the acoustic chaos. 
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Experimental investigation 
In order to investigate the vibration characteristics in the thermosonics detection, the experimental 

device was built is shown in Fig. 1, including ultrasonic excitation source, laser sensor and computer 
control and processing system. 

Ultrasonic excitation source is used to generate ultrasonic waves, with short pulses (50 ~ 200 ms) 
and low frequency (20 ~ 40 kHz), on the surface of the specimen to motivate the vibration of the 
specimen The laser sensor is used to measure and record the vibration displacement of the specimen 
and transfer the displacement data to the computer. The computer is mainly used to deal with the 
displacement data. 

In the experiment, the ultrasonic excitation equipment, with type of 2000LPt, is made by 
BRANSON with the maximum power of 4 kW, excitation frequency of 40 kHz. The laser sensor with 
type of LK-G5000 series, is made by KEYENCE, with the high reproducibility of 0.005 um, ultra-high 
accuracy of 0.02%, ultra-fast speed of 392 kHz. 

In order to eliminate the influence of noise in the air, the test process is divided into the following 
two steps. 

Step 1: under the condition of non-ultrasonic loading, the laser sensor is used to measure the 
vibration displacement of the specimen. 

Step 2: under the condition of ultrasonic loading with the frequency of 40 kHz, the laser sensor is 
used to measure the vibration displacement of the specimen. 

The vibration displacement data obtained by the above two steps were extracted respectively and the 
corresponding frequency spectrum was calculated by FFT is shown in Fig. 2. As is from in Fig. 2(a) 
and (b), despite the absence of ultrasonic loading, the higher harmonics (140 kHz, 200 kHz and 270 
kHz) still occur, the reason is mainly due to such factors as air noise, airflow etc.. Fig.2 (c) and (d) 
show that in the theomosonics detection, there is not only the fundamental frequency (40kHz) but also 
the high-order harmonic frequencies (80 kHz, 320 kHz, 360 kHz) in the vibration spectrum of the 
specimen. Compared with Fig.2 (b) and (d), it can be seen that the generation of higher harmonics in 
the specimen is due to the excitation of the ultrasonic loading, not the air noise or airflow, which proves 
the existence of acoustic chaos in the thermosonics detection, which is consistent with the numerical 
results in Refs. [10]. 

 
Fig. 1. Experimental equipment 
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Fig. 2. Vibration displacement and corresponding frequency spectrum of the specimen. (a) Vibration displacement without ultrasonic 
loading. (b) Frequency spectrum without ultrasonic loading. (c) Vibration displacement under Ultrasonic Loading with the frequency of 
40 kHz. (d) Frequency spectrum under ultrasonic loading with the frequency of 40 kHz. 

Conclusions 
In this work, the vibration displacement measurement of the specimen under two conditions (non-

ultrasonic loading and ultrasonic loading with the frequency of 40 kHz) was carried out. By analyzing 
the experimental data and frequency spectrum of vibration displacement of the specimen, the results 
show that there is not only the fundamental frequency but also the high-order harmonic frequencies in 
the vibration spectrum of the object, which confirms the existence of acoustic chaos in the 
thermosonics detection test. 
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