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Abstract:  

Acoustic emission (AE) registration is a useful methodology, which allows ‘‘hearing’’ and registering 
damage during loading of a specimen or a part. It is a challenge to determine connection between 
acoustic emission (AE) events and the corresponding damage modes. In the present study AE events 
registered during static loading of a C/SiC laminate are correlated to actual damage. The friction and 
cracks in the C/SiC laminate and localized delimitations are distinguished. AE events are classified 
according to the amplitude and centroid frequency of the signal into high frequency ,low frequency – 
low amplitude and low frequency – high amplitude clusters. The first (high frequency) AE events are 
assumed to be connected to friction. The second (low frequency – low amplitude) are assumed to be 
connected to formation and propagation of cracks, and the later (low frequency – high amplitude) are 
assumed to be connected to fiber breakage. The study validates use of Frequency-Amplitude class of 
AE for identification of damage models in C/SiC laminates and find out the load when each damage 
model first emerge. 

1. Introduction 

Due to its high temperature resistance, C/SiC is widely used in aerospace applications, 
especially in some high temperature resistant structures [1], such as the spacecraft rudder 
surface [2]. Due to lack of plastic deformation, ceramic matrix composites have high 
brittleness and may cause sudden damage under external loads. The use of suitable non-
destructive testing methods to detect the damage of the C/Sic structure will play a key role. 
NASA puts advanced nondestructive testing methods in a very important position in its 
advanced ceramic matrix composite structural plans [3]. C/Sic composite Damage will lead to 
strong acoustic emission [4]. Acoustic emission signals contain important information about 
structural damage, such as the location of damage, severity and type of damage [5]. 
Therefore, for certain C/Sic structure, this paper uses the relationship between the frequency 
and amplitude of the center of mass of acoustic emission signals received to classify and 
recognize acoustic damage. 

2. Structural static test and data collection 

Here, the acoustic emission monitoring technology is applied to the damage analysis of the 
C/SiC structure during the static loading process. Six acoustic emission sensors were 
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arranged on the upper surface of the structure and two sensors are arranged on the lower 
surface of the structure. The location is shown in Figure 1. 
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Fig. 1 Arrangement of acoustic emission sensors: (a) upper surface; (b) lower surface 

 

The threshold is set to 200 mV, and the resulting cumulative energy of the acoustic emission 
signals received by the eight sensors is shown in Table 1. It can be seen that the 
accumulative energy of the acoustic emission signal received by the No. 8 sensor is the 
largest, and the damage position of the test piece is closest to the No. 8 sensor. Therefore, 
the following section mainly analyzes the acoustic emission signal received by the No. 8 
sensor. 
 

Table 1 cumulative energy of acoustic emission signals received by eight sensors 

Sensors number 1 2 3 4 5 6 7 8 

cumulative energy 0.12 1.30 9.54 36.26 10.17 5.17 26.20 39.77 

 

3. Acoustic emission data analysis 
 
The cumulative energy and loading load of the acoustic emission signal received by the No. 
8 sensor over time are shown in FIG. 2 . It can be seen from Fig. 2 that the accumulative 
energy of the acoustic emission signal received by the No. 8 sensor gradually increases with 
the increase of the loading load, and the accumulated energy suddenly increases to the 
maximum slope when the applied load causes the test piece to be destroyed. Therefore, the 
moment of destruction of the test piece can be judged based on the cumulative energy 
change of the acoustic emission signal. However, the cumulative energy of the acoustic 
emission signal can only be seen at a time when the degree of damage of the test piece is 
relatively large, and it cannot be judged when the damage has just started and the type of 
damage. Therefore, the relationship between the amplitude of the acoustic emission signal 
and the center-of-mass frequency is studied in this paper to solve the problem of determining 
the type of damage and the moment of initial damage. 
The relationship between the centroid frequency and amplitude of the acoustic emission 
signal received by the No. 8 sensor is shown in Fig. 3. It can be seen from Fig. 3 that the 
relationship between the mass center frequency and amplitude can be clearly divided into 
three categories, namely the high-frequency sound at 600 kHz. The transmitted signal is a 
low-frequency, low-amplitude acoustic emission signal and a low-frequency, high-amplitude 
acoustic emission signal with an amplitude of 7000 mV. The resulting changes in the centroid 
frequency of the three types of acoustic emission signals over time are shown in Fig. 4. 
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It can be seen from Figure 4 that the first type of high-frequency AE signals is mainly 
concentrated in the later stage of the test, and the frequency will be higher during the period 
when the test pieces are destroyed. This article observes the time-domain diagram of 
acoustic emission signals during the destruction stage of the test pieces. It has been found 
that there are a large number of signals with high center-of-gravity frequencies. At this time, 
since the damage expansion is severe, a large number of fibers break, and the acoustic 
emission band of fiber breakage is high, so the center-of-gravity frequency of the damage 
acoustic emission signal increases at this time. The second type of low-frequency and low-
amplitude acoustic emission signals appeared at the beginning of the test and existed 
throughout the entire test. Therefore, such acoustic emission signals can be regarded as the 
generation of micro-cracks in the test piece. The third type of low-frequency, high-amplitude 
acoustic emission signals are generated in large quantities before the test piece is destroyed. 
Therefore, such acoustic emission signals can be regarded as a matrix fracture. At this time, 
the center-of-focus frequency of the acoustic emission is not high, but the energy of the 
acoustic emission event is significantly increased. high. Then find the time when the three 
types of damage begin to occur. The time for the first type of large-scale fiber breakage 
signal to be generated is 964s, and the corresponding load is 120%; the time for the second 
kind of microcrack signal to start is 98s, corresponding to The load is 50%; the time for the 
third type of matrix fracture signal to start generating is 829s, and the corresponding load is 
80%. 

 
 

Fig. 2 The cumulative energy by No. 8 sensor during Loading process 
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Fig. 3 Relationship between centroid frequency and amplitude of acoustic emission signal 
received by No. 8 sensor 

 
Figure 4 Occurrence time of three types of acoustic emission events 

4. Conclusion 

In this paper, we use acoustic emission to study the damage characteristics of a C/Sic 
composite structure during static experiments. Based on the relationship between the 
frequency and amplitude of the center of the acoustic emission signal, acoustic emission 
events can be divided into three categories: high frequency with low amplitude, low-
frequency with low-amplitude and Low-frequency. The main damage characteristics of the 
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three types of acoustic emission events are determined. The research results of this paper 
can provide reference for the damage monitoring of this kind of structure. 
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