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4. Simulation of AE wave propagation in casing under temperature field 

4.1. AE wave propagation in a thin-walled structure without the unwanted reflections 

Fig. 9 shows the wave propagation scenes at two distinct times. It can be clearly seen that the 
two fundamental mode waves are separated when the AE waves are propagating in the casing. 
Besides, there are no obvious reflections when the AE waves reach the cylinder boundary. The 
resulting displacements from one transducer are plotted in Fig. 10(a). It can be clearly seen from 
the waveform in time domain that there is little reflections from the boundary. It confirms that 
infinite elements are able to remove most of the unwanted reflections, and with the help of 
Rayleigh damping they are suitable for high accuracy removal of unwanted reflection of bulk 
waves. Therefore, the AE signals with high signal-noise ratio can be obtained, which are suitable 
for the continuous AE source location. In addition, the AE wave propagation direction is mainly 
along the axial direction while there is almost no mode wave in the circumferential direction. This 
phenomenon is generated due to the directivity of the force dipole used in the AE source 
simulation. Hence, if the AE sensor array is distributed along the vertical direction of the 
wave-front, that is the circumference of a circle, the AE signal with strong energy and high quality 
can be tested. Otherwise, if the AE sensor array is set in the direction parallel to wave front, that 
is the axial of a circle, the energy of the AE signals would be weak that it is easy to be 
overwhelmed with background noise. Some important information contained in the original AE 
signals, such as the arrival time will be confused, which affects the AE source location accuracy. 

Fig. 10(b) displays AE waveform in time domain and the corresponding time-frequency 
analysis result. It can be found that the frequencies of AE signal mainly concentrated about 
100 KHz, which agrees with result of the previous dispersion characteristics calculation. There 
are two main modes of AE signals in this frequency domain. It is similar to the AE wave 
propagating characteristics in the plate structure with the same thickness. 

 
a) ݐ = 30 μs 

 
b) ݐ = 60 μs 

Fig. 9. Propagation of AE wave at two distinct times  

4.2. Influence of temperature on the AE wave propagation 

Based on numerical simulation method of the thermo-elastic coupled issue, the influence of 
temperature on the AE wave propagation is analyzed in this section. Both the uniform and 
non-uniform temperature fields are taken into consideration. 

4.2.1. Case of uniform temperature field 

Since the temperature of the aero-engine is very high and the temperature difference of 
different position is large, the temperature range of the simulation is assigned between 20 °C and 
700 °C. During the analysis, several parameters of properties material must be linked with 
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temperature. 
The effect of the sample thermal expansion on the mass density for the Young’s modulus 

calculation also has to be taken into account. Thus, in the case of a free volume submitted to a 
thermal variation, the corresponding mass density ߩ(ܶ) is given by: ߩ(ܶ) = ቆ1ߩ + ߙ × ቀܶ－ ܶቁቇ,

(7)

where ߩ(ܶ)  the mass density at room temperature ܶ ߙ ,  is the coefficient of linear thermal 
expansion. The values of the elastic modulus ܧ  (GPa) and Possion’s ratio ߥ  used for the 
theoretical calculations in this paper are given by reference [43], as shown in Table 1. 

 
a) Receiving sensor response 

b) ܵ time of arrival c) ܣ time of arrival 
Fig. 10. Measurement of time of arrival of two modes at room temperature  

Table 1. Elastic versus temperatures ܶ (°C) 21 93 149 204 203.4 198.6 (GPa) ܧ 649 593 538 482 427 371 316 260 195.1 191 188.2 184.1 175.8 166.9 154.4 140.7 124.1 107.6 

It can be observed from Fig. 11 that at 700 °C the guided modes present a larger time of flight 
(slower speed of propagation) if compared to those at 20 °C, but while at 20 °C the signal has in 
average bigger amplitude with respect to that at 700 °C. The peak-to-peak amplitude is further 
analyzed for all temperature values investigated. Fig. 12(a) shows the peak-to-peak amplitude 
versus temperature for the first Lamb wave packet for the ܵ mode wave (solid waveform) and 
the ܣ  mode wave (dashed waveform). The analyzed amplitude generally decreases with the 
increased temperature. Clearly, the trend is not linearly related to temperature. Fig. 12(b) shows 
the arrival time of the first and the second Lamb wave packets for various damage severities 
involved all temperature values investigated. The results show that for both ܵ mode wave and ܣ 
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mode wave with increasing temperature values, arrival times also increase. Also, the trend is not 
linearly related to temperature. 

In summary, for plane time-harmonic waves the coupling function between the thermal and 
mechanical fields affects the essentially mechanical waves in that these waves become dispersed 
and attenuated.  

 
Fig. 11. Waveforms in time domain of the AE signals tested under 20 °C and 700 °C 
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Fig. 12. a) Peak-to-peak amplitude versus temperatures; b) solid waveforms represent data of ܵ mode 
wave whereas dashed waveforms correspond to ܣ 

 
Fig. 13. Non-uniform temperature field 

4.2.2. Case of non-uniform temperature field 

To create the non-uniform temperature field condition, the heat source is concentrated in a 
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small region of the casing. The temperature of central area is 649 °C. Fig. 13 shows the 
non-uniform temperature field, which is assigned as an input condition of the thermo-elastic 
coupled analysis. It also displays the temperature distribution along a whole cycle path. Since the 
non-uniform temperature field distribution is obtained, the thermo-elastic coupling analysis can 
be carried out according to the previously proposed method. Fig. 14 shows the waveforms of the 
AE signals tested from simulation with different temperature conditions. It indicates that the 
non-uniform temperature field also has effects on the amplitude and arrival time of the AE wave. 
Besides, although the temperature of the central area is the same as the uniform temperature field, 
the influence is not the same. Thus, it is necessary to consider the factor of non-uniform 
temperature field acting on the AE source localization for the real aero-engine. 

 
Fig. 14. Comparison of AE waveforms in time domain obtained from different temperature  

5. Conclusions 

When the AE wave propagates in the casing, the waveform is affected by the propagation path 
and environmental factors, where the temperature has serious effect. In this paper, the authors aim 
to propose a simulation method that can consider the factor of the temperature for the AE wave 
propagating in the casing. The thermo-elastic coupling simulation method is proposed to reveal 
the affecting mechanism of the uniform temperature field and non-uniform temperature field on 
the propagation characteristics of AE waves. Some conclusions are summarized as following. 

1) By analyzing the AE waveforms obtained from simulations with different temperatures, it 
concludes that the peak-to-peak amplitude and arrival time are prone to be influenced. For both ܵ mode wave and ܣ mode wave with increasing temperature values, arrival times are delayed 
while the amplitudes are decreased. Besides, the non-uniform temperature field also has effects 
on the amplitude and arrival time of the AE wave. Although the temperature in the central area of 
the non-uniform is the same as the uniform temperature field, the influence of the former on the 
peak-to-peak amplitude and arrival time is less weak than the latter. However, the rubbing source 
localization is conducted based on the difference of arriving (DOA) time among the AE sensors 
rather than the DOA of one sensor. When a thin-walled cylinder structure is surrounded in 
non-uniform temperature field, the temperature difference of different positions is extremely large. 
Effects of non-uniform temperature field on the acoustic emission wave propagation can be 
regarded as linear superposition of numerous different uniform temperature fields. The DOA of 
different AE sensors is not the same so that the influence of non-uniform temperature field on the 
rubbing source localization is much more complicated than the uniform temperature field. 
Therefore, for the issue of non-uniform temperature field it is impossible to eliminate AE source 
localization errors through changing the velocity. 

2) When the AE wave propagation direction is mainly along the axial direction, there is almost 
no mode wave in the circumferential direction. This is caused due to the directivity of the force 
dipole used in the AE source simulation. Hence, if the AE sensor array is distributed along the 
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vertical direction of the wave-front, that is the circumference of a circle, the AE signal with strong 
energy and high quality can be tested. Otherwise, if the AE sensor array is set in the direction 
parallel to wave front, that is the axial of a circle, the energy of the AE signals would be weak that 
it is easy to be overwhelmed with background noise. This will generate large error to some 
important information contained in the original AE signals, such as the arrival time, which affects 
the AE source location accuracy. Therefore, the research on the mechanism of rubbing AE wave 
such as predisposing factors and the directivity of energy propagation is beneficial to localize the 
rubbing sources. It is absolutely essential for the authors to investigate that in future work. 

3) Since the temperature influences the arrival time of the AE signals, the accuracy of AE 
source localization for those methods depended on the arrival time will be reduced. In addition, 
for the uniform temperature field, the AE signal amplitude decreases with the increase of 
temperature, so that the amplitude of ܵ mode wave is severely weakened. Then the energy of the ܵ mode wave is so poor that it is easy to be fallen into oblivion among the background noise. 
Therefore, the ܣ mode wave can be selected as medium for rubbing source localization. Besides, 
the dispersion property should be referred so that the signal with relatively weak dispersion can 
be chosen. It also can develop some source localization methods which don't need accurate wave 
velocity. 
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