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Abstract- This project aims to simulate temperature variation on defects structure due to ultrasonic excitation 
(Vibrothermography). The effects of excitation frequency and load amplitude to temperature variation are analyzed in 
Harmonic analysis and Transient analysis, respectively. The geometry of aluminum alloy (Al-5052) with crack is modeled 
and simulated in ANSYS Parametric Design Language (APDL). The excitation frequencies are between 20 kHz-30 kHz with 
100 Hz increment, it is found that 21 kHz provides the highest temperature variation when the initial temperature of material 
is 27C˚. Based on excitation frequency of 21 kHz, the temperature variation increases as increasing in load amplitude. In this 
research, the amplitude load are 5, 10, 30 and 50 µm. Moreover, temperature increases on compression area and decreases 
on tension area. 
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I. INTRODUCTION 

 
Nowadays, the industries need more reliable, 
convenient and quicker nondestructive testing (NDT) 
for detecting defects on structure. Each conventional 
NDT method has some limitation, such as time 
consuming in liquid penetrant , difficult used in X-
ray, single point inspection in eddy current and 
ultrasonic method [1]. In fact, the field inspection of 
large structure needs NDT method that is faster and 
easier than conventional method. In order to full fill 
these requirements, special NDT techniques are 
developed, Pulsed phase thermography [2], Lock-in 
Thermography [3], sonic IR imaging [4], and 
vibrothermography. 

For vibrothermography technique, it is the 
nondestructive testing that excites ultrasonic vibration 
on structure and observes heat generation in defect 
with infrared camera. This technique has been proved 
and implemented in following application: aerospace 
CFRP composites [5], crack in titanium (Ti 6-4) [6], 

crack in aluminum [7] and aircraft engine turbine 
blade [8]. Some experiments, ultrasonic welder is 
used as ultrasonic excitation device which is fixed to 
the specific frequency. This means that it does not 
optimized the excitation frequency for heat 
generation in crack. Therefore, the optimized 
frequency and load amplitude must be analyzed. To 
understand the physic behind, finite element 
modeling (FEM) is developed.  
Finite element modeling of vibrothermogrphy is able 
to be developed in MSC-Marcs, COMSOL 
Multiphasics and ABAQUS commercial software. All 
previous FEM consider the heat generation in defects 
due to frictional heating [9]-[10]. In fact, there is not 
only friction between the interfaces of open crack, but 
internal hysteresis and thermoelasticity also cause the 
loss of mechanical wave energy at defect location. In 
this research, the FEM of vibrothermography is 
developed in ANSYS. The effects of excitation 
frequency, load amplitude are analyzed and 
optimized. Heat generation in crack is proved in FEM 
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II. FINITE ELEMENT MODELING 
 
1.1 Geometry Model 
A specimen in this research is mentioned to be the 
aluminum alloy (5052) with length, width, and 
thickness of 200mm, 40mm and 10mm, respectively. 
Here, the crack region is defined as a sample cut on 
top surface of the specimen. In order to reduce 
simulation time in FEM, the 2D geometry of 
specimen is modeled and analyzed in ANSYS. The 
excitation point is designed to be on the middle point 
of top surface. Measuring point (P1) represents the 
location of crack node, while the measuring point (P2 
and P3) represent the healthy nodes on specimen. In 
simulation, the right and left edges are fixed to 0 
displacement. 

  
1.2. Coupled structural – thermal analysis of 
vibrothermography 
In this section, harmonic analysis is firstly performed 
to analyze the response of the structure under cycling 
load with varying frequencies. Then the excitation 
frequency with good result in temperature variation 
will be selected as excitation frequency in transient 
analysis. Displacement in Z axis is applied as the load 
on excitation point with maximum amplitude of 5 
μm. The excitation frequencies are between 20 kHz – 
30 kHz with 100 increments. To simulate temperature 
variation as structure deforming, element type 
PLANE 223 is used. It is 2D quadrilateral element 
with 8 nodes. In each node, there are 3 degrees of 
freedom (X, Y and Temperature) and the element size 
is 1 mm. The initial temperature of material is 27C˚. 
In simulation, the model is fixed on both ends for all 
displacement degree of freedom.  
 

Table 1: Material properties of aluminum alloy 5052 

 
 
In the second step, transient analysis is performed to 
analyze the dynamic response of a structure under 
time-varying load. The excitation frequency is 
obtained from harmonic analysis. The displacement 
load is defined by sine equation (1) with maximum 
amplitude of 5, 10, 30 and 50 μm, respectively. The 
total duration of simulation is 0.025s with 200 
substeps. Other boundary conditions and element 
type are the same as using in harmonic analysis. 

 
a = Asin(2πft)  (1) 

Where 
 a = Displacement load (m) 

A = Maximum displacement load (m) 
 f = Excitation frequency (Hz) 
 t = Duration of excitation time (s) 
 
III. RESULTS AND DISCUSSION 
 
The results of harmonic analysis is presented in term 
of temperature variation at crack node (P1) as shown 
in Fig.2. It can be seen that temperature of deformed 
structure is difference in each frequency.  
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The highest differential temperature from initial 
temperature is 26.66 C° at excitation frequency of 
21.3 kHz. This frequency is interested to use as 
excitation frequency in transient analysis and 
experiment. However, it must be avoided about the 
natural frequency of structure. If the natural 
frequency is used, it might increases the size of crack 
on structure. The modes of natural frequency can be 
analyzed in modal analysis, it is found that the nearest 
natural frequency to 21.3 kHz is 7th mode at 19.397 
kHz. Therefore, excitation frequency of 21.3 kHz is 
the acceptable frequency. But for more convenience 
in analysis, the excitation frequency is reduced to 21 
kHz for using in transient analysis. 
In transient analysis will present the effects of crack 
location, load amplitude and time on the heat 
generation in crack. Firstly, the comparison of 
temperature between measuring point P1, P2 and P3 
are presented in Fig.4. It can be seen that temperature 
variation at crack note (P1) is greater than on healthy 
structure points (P2 and P3). The temperature 
variation from initial temperature at P1 is between 
0.01 C°. Moreover, the duration of excitation time 
does not effect on the magnitude of temperature. 
However, the temperature in real experiment is 
possible to be higher than simulation results, because 
friction effect is ignored in this simulation. In Fig.3 
presents the graphic of temperature of crack node at 
time 0.004 s. Temperature decreases on tension area 
and temperature increase on compression area. 

The temperature variation is depended on 
magnitude of displacement load as shown in Fig.5. 
The highest temperature variation is 0.8541 C° for 
displacement load of 50 μm and this temperature 
variation decrease as decreasing in displacement load 
to 30, 10 and 5 μm, respectively. These simulation 
results allow to know the minimum displacement 
load in experiment that just enough to generate heat 
in crack for inspecting with infrared camera.  
 
Table 2: Temperature variation from initial temperature of 27 

C˚ 

 
 
CONCLUSION 
 
Heat generation in crack due to vibration on 
aluminum alloy (5052) is simulated in ANSYS and 
the major conclusion are as follows:  
 

1.  The temperature variation at crack location is 
higher than other location of healthy structure. 
Therefore, it will be cleared to notice the crack 
location by using vibrothermography concept. 

2. Temperature variation is depended on the 
magnitude of displacement load. Temperature 
decrease as decreasing in displacement load and 
temperature increases as increasing in 
displacement load. 

3. To validate the results of simulation in 
experiment, infrared camera, actuator and 
specimen of aluminum alloy (5052) are needed. 
When infrared camera Photon 320 is used, the 
displacement load must not less than 10 μm. 
Because the differential temperature of these 
displacement load are in the range of infrared 
camera (temperature sensitivity: 0.1C°). 
However, if it simulation is longer than 0.025 s, 
temperature variation is possible to be higher 
than the results in table 2. Because heat 
accumulates in defect location.  
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