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Abstract 

This paper presents an experimental research to detect and evaluate the cavatation erosion state using acoustic 

emission (AE) technique. The cavitation erosion experiments on the samples of A-36 steel are conducted while 

AE signals are collected and the surface topographies of the samples are taken at the different stage of the 

cavitation erosion process. The observation of the surface topographies shows that the development state of the 

cavitation erosion varies from time to time. And based on the observation, the AE signals of four different states 

are selected to be analyzed in order to obtain the feature information of the AE signals. The results show that 

AEs caused by the cavitation erosion are featured by high amplitude, high frequency and impulse. In addition, 

wavelet analysis method is used to extract the relative AE signals of the cavitation erosion from the original AE 

signals. The parameter estimation results of the denoised signals show that, the average energy of AEs varies and 

shows strongly positive correlation with the mass loss rate caused by the cavitation erosion. The research results 

show the feasibility of detecting cavitation erosion using acoustic emission. 
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1.  Introduction 
 

Cavitation occurs when the pressure of localized area in fluid below the saturated vapor 

pressure of the fluid. Cavitation erosion is the main damage caused by cavitation when 

cavities forming in cavitation collapse near the solid materials of fluid machines. Light 

cavitation erosion makes the surfaces of the materials lose metallic luster; serious cavitation 

erosion makes the materials lose mass, which has bad effects on the operation states of fluid 

machines and further causes malfunction, or even catastrophic accidents to the machines. 

Therefore, the state of cavitation erosion needs to be detected and identified timely so that the 

damage caused by the cavitation erosion to the fluid machines can be repaired timely and an 

assurance can be provided for the reliable operation of the fluid machines [1, 2]. Many 

methods have been proposed and developed for the detection of cavitation erosion hitherto. 

The following are three types of commonly used methods of cavitation erosion detection in 

practice. 

a) Paint testing methods. These methods paint the related parts of fluid machines and 

estimate cavitation erosion by observing the removal of the paint [3]. They detect 

cavitation erosion directly and thus would achieve much accurate results. However, these 

methods are complicated because of difficulties in choosing the right paint and realizing 

online detection. 

b) Cavitation acoustic noise measurement methods. These methods [4, 5], using audible 

sound [4], cavitation noise [5] and so on, are indirect detection methods of cavitation 

erosion. However, the correlation between cavitation and cavitation erosion is complicated 

because they are not always of positive correlation, which makes that it is hard to use 

these methods to estimate cavitation erosion state accurately.  

c) Vibration test methods. These methods [6, 7] are also indirect detection methods, which 

estimate cavitation erosion state by examining the vibration state of fluid machines. 

However, the constituents of the vibration signals are quite complicated. It is very difficult 

to separate the vibration component being related to cavitation erosion from the collected 

vibration signals of fluid machines. 
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These types of detection methods are either offline or indirect ones for detecting cavitation 

erosion, and more sensitive detection methods to provide a direct, online and unambiguous 

identification of cavitation erosion state would be extremely valuable. Acoustic emission 

(AE) may contribute to such methods.  

Acoustic emission is a transient stress wave release phenomenon that occurs when some 

failure, such as plastic deformation, fracture and so on, occurs in localized area of materials. 

AE has been considered for many years as a prime candidate for the non-destructive 

examination, testing or monitoring (NDT) of material faults or structural failure and has found 

broad applications in these fields [8, 9]. The application results of AE technique have verified 

its capability of detecting localized and tiny failure of materials. Considering that cavitation 

erosion is the localized failure of the solid materials of fluid machines, when cavitation 

erosion occurs, transient stress wave energy will be released, which is AE. This AE contains 

direct and abundant information about cavitation erosion state and thus could be used to 

effectively detect and identify the cavitation erosion state. In this paper, using AE technique, a 

direct detection method of cavitation erosion is proposed. Based on the damage mechanism of 

materials in cavitation erosion process, a supposition about AE features from cavitation 

erosion is put forwarded, which is verified qualitatively by the experiments. In addition, 

wavelet method is used to extract the related AE signals of the cavitation erosion from the 

original AE signals. And the parameter estimation of AE from cavitation erosion is discussed. 

 

2. Experiments 
 

The vibratory cavitation erosion method uses vibration with high frequency to produce 

pressure fluctuation in fluid (deionized water here), thus to produce cavitation and cavitation 

erosion acceleratedly. However, the vibration also causes the problem of temperature rise 

because of high energy it releases to the fluid. In this experimental study, two methods are 

used to control temperature rise: on one hand, the volume of the water is set to 5 liters (L) 

instead of 1-2 L recommended by ASTM G32 to enhance cooling capacity; on the other hand, 

the vibration amplitude is set to be 7um instead of 50um recommended by ASTM G32. In 

addition, another problem is the rustiness of the carbon steels used in the experiments. The 

rustiness may cause unpredictable effects to the AE signals in the experiment. To avoid this 

problem, the signal sampling process is stopped before the evident rustiness is observed.  

 

2.1 Experimental apparatus and samples 

 

Fig. 1 (a) shows the schematic diagram of the experimental apparatus. The apparatus mainly 

contains four parts: the vibratory cavitation erosion part, the AE acquisition part, the 

temperature measurement part and the auxiliary mechanical part. The vibratory cavitation 

erosion part, set up referring to ASTM G32 standard and used to generate cavitation erosion, 

mainly contains a vibration generator, a vibration horn, a container and the water. The AE 

acquisition part, used to sample AE signals, mainly contains an AE sensor and its sealing 

arrangement, a pre-amplifier, a data acquisition card and a laptop computer. The temperature 

measurement part, used to monitor the temperature of the water, contains a thermal resistor 

and a monitor. The auxiliary mechanical part is used to adjust the experiment condition. Fig. 1 

(b) shows the detailed schematic diagram of the cavitation erosion working portion. Its 

working principle is that the horn vibrates at the frequency of 19 kHz, produces cavitation in 

the water, which produces cavitation erosion damage to the sample. Fig. 1 (c) shows the shape 

of the sample, which is made of low carbon steel A-36 (ASTM brand, or Q235 in China). 



 

Fig. 1 Apparatus and samples 

 

2.2 Experiment procedures 

 

The experiment procedures are illustrated as follows: first, the apparatus is tested to make 

sure its performance is good for the cavitation erosion experiment; then, the sampling 

parameters are set (see Table 1), and the distance between the horn and the sample is adjusted 

to 0.5 mm; after that, start the experiment. During the experiment, the AE signal is sampled 

every 5 minutes, and the surface topography of the sample is taken every 10-40 minutes; once 

the rustiness is observed on the sample surface, the experiment is stopped and the sample is 

post-treated and preserved. In addition, the temperature of the water is kept strictly at 20±1 C
o  

during the experiment. 

 

Table1 Sampling parameters setting 

 

Sensor / Response frequency UT-1000 (produced by PAC corp.) / 20 kHz-

1MHz 

Amplification factor of pre-amplifier 20dB 

Sampling frequency 2MHz 

Signal length 131070 points  

 

2.3 Topographies of samples 

 

The surface topographies of the samples are used to observe the damage condition of the 

sample surface and further estimate the cavitation erosion state. Fig.2 shows the topographies 

of the A-36 sample. From this figure, it can be observed that, the topography taken at the 

beginning of the experiment is the original surface of the sample polished by abrasive paper, 

which shows that the surface is smooth with a few machining scratch marks; after 80 minutes’ 

cavitation erosion, the surface changes obviously with plastic deformation marks and some 

(a) Schematic diagram of experimental apparatus 

(b) Schematic diagram of cavitation erosion 

working portion 

(c) Shape of samples 



pits which denotes mass loss of the sample; in the period of 80-240 minutes, the surface is 

suffused with serious plastic deformation marks and valleys, and the valleys expand in a 

relatively low speed, which means small mass loss continues existing; but in the period of 

240-320 minutes, the expansion of the valleys becomes fast, which means the severe mass 

loss caused by cavitation erosion; however, in period of 320-360 minutes, the expansion 

speed declines, which means the mass loss speed declines as well. From all these 

topographies, the development state of the mass loss caused by cavitation erosion can be 

identified: in the first 80 minutes, the speed of the mass loss is relatively high; in the period of 

80-240 minutes, it is low; in the period of 240-320 minutes, it is high; and in the period of 

320-360 minutes, it is low.  

 

      
Fig. 2 Topographies of the A-36 sample (200×) 

 

3. Signal processing and discussion 
 

3.1 Original AE signals and analysis 

The signals at four different states are selected to be processed to obtain the features of the 

AEs caused by cavitation erosion. In order to represent the four different cavitation erosion 

development states shown in the topographies, the AE signals sampled at 5min, 225min, 

295min and 360min are selected. Fig.3 shows the waveforms of the original signals, which 

are the waveforms of the time period of 65ms and the detailed waveforms of the time period 

of the corresponding beginning 5ms. From the waveforms, it is easy to find that the 

waveforms of the signals show different characteristics at different time. At 5min and 295, 

The AE signals are mainly composed of AE continuous type AE; at 225min and 360min, the 

AE signals include more burst type AE. 

Fig.4 shows the time-frequency analysis of these signals by short time Fourier transformation 

(STFT). From the figure, it can be seen that, the AE signals have obvious impulse 



characteristics; below 100 kHz, all the signals almost have similar time-frequency 

characteristics, but above 100 kHz, the difference can be observed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 5 min (b) 225 min 

(c) 295 min (d) 360 min 

Fig.3 Waveforms of original signals 

(a) 5 min (b) 225 min 

(c) 295 min (d) 360 min 

Fig.4. Spectrograms of AE signals 

 



3.2 Denoising 

 

To reduce disturbance from environment, the wavelet based de-noising method is used to de-

noise the AE signals. The signals are de-noised by the following steps, which can be 

presented by the Fig.5. First, the signals are decomposed into four levels by db10 wavelet 

using Mallat algorithm [20], and the wavelet coefficients of five frequency bands are 

obtained, which are cA4 (0-63kHz), cD4 (63-125kHz), cD3 (125-250kHz), cD2 (250-

500kHz), cD1 (500-1000kHz). Second, considering that the main characteristics of AEs 

related to cavitation erosion state are included in high frequency band above 100 kHz, the 

coefficients of the higher frequency bands, including cD3, cD2 and cD1 are selected to be de-

noised using soft-thresholding method [10], and then to reconstruct the signals. Fig.6 shows 

the de-noised signal of the signal in Fig.3(a). Compared Fig.6 with Fig.3(a), it can be seen 

that the impulsive characteristic of AEs can be revealed more obviously by de-noising.  

 

 

3.3 Parameters analysis on of AE signals 

 

Parameter analysis is the traditional analysis method of AE signal. In this study, parameter 

analysis used to investigate the characteristics of the AEs caused by the cavitation erosion. 

The parameters, including the RMS and the average energy in one signal (denoted by 
AE ) are 

obtained by estimation. Here, 

CEE tA /=                                                           (1) 

Where C denotes the events count and 

∑= nt EE                                                           (2) 

Fig.5. Schematic diagram of signal de-noising 

Fig.6 The corresponding de-noised signal of AEs 

(a) 5 min (b) 225 min 

(c) 295 min (d) 360 min 
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where 
i

x  denotes the amplitude of AE signals, j denotes the start point of the nth AE event, 

and k denotes the end point of the nth AE event. En denotes the energy of one AE event and Et 

denote the total energy of the AE signal collected within one sampling period 66 ms. 

Fig. 7 shows the parameter analysis results. Fig.7(a) shows the RMS of the AEs. From this 

figure, no obvious correlation between the RMS of AEs and the cavitation erosion states can 

be observed, which means this parameter is not sensitive to the development state of the 

cavitation. Fig.7(b) shows the average energy of the AEs. It can be seen from the figure that, 

the average energy fluctuates around some value within the first 100 minutes; then it 

gradually descends within the next 120 minutes; after 240min, the average energy increases a 

lot between 240min and 310min and then decreases severely to a low level. Comparing this 

trend with the variation of the topography of the sample observed above, it can be inferred 

that the value of the average energy reflects the strength of the AE activity induced by the 

cavitation erosion. During the development process of the cavitation erosion, when the mass 

loss rate of the cavitation erosion increases, it means that more and more cracks are generated 

in the material and the expansion of the cracks becomes more severe, therefore, more and 

more AE sources are excited and the average energy increases correspondingly. However, the 

AEs at various cavitation erosion states almost have similar amplitude. Thus, the RMS has no 

obvious trend during all cavitation erosion process. The correlation between the average 

energy and the mass loss rate demonstrates the feasibility of detecting cavitation erosion state 

using acoustic emission. 

 

 

4. Conclusions 
 

In this study, acoustic emission technology is applied to detect cavitation erosion state in a 

direct way. In the cavitation erosion experiments, the topography of the surface of the A-36 

sample, which is damaged by cavitation erosion, is observed. From the characteristic of the 

topography, the development states of the cavitation erosion are identified with respect to the 

mass loss rate of the sample. By analyzing the AE signals under the different states of the 

cavitation erosion, it is found that the AEs caused by the cavitation erosion are characterized 

by high amplitudes, high frequency and impulse. To reduce the disturbance from the 

environment, wavelet based de-noise method is used to de-noise the collected AE signals. 

Finally, the parameter analysis method is used, and the RMS and the average energy of the 

AEs are estimated and analyzed. The results show that, although AEs caused by the cavitation 

(a) RMS (b) Average energy 

Fig. 7 Parameters estimation results 



erosion have the same-strength average RMS, the average energy shows strongly positive 

correlation with the mass loss rate caused by the cavitation erosion, which demonstrates the 

feasibility of detecting cavitation erosion state using acoustic emission. 
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