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Abstract 

Acoustic Emission (AE) source localization is a useful implement to diagnose the 

incipient faults in rotating machine. This paper proposes an improved Near-field Multiple 

Signal Classification method using four-order cumulants (NFC-MUSIC) to accurately 

locate the faults position. In order to overcome dispersion effect and revised velocity, the 

feature sub narrow band is extracted by Wavelet Packet reconstitution (WPR) and Modal 

Plate Wave Theory (MPWT). For multi-source decorrelation and increasing localized 

resolution, the four-order cumulants of observed signal can be selected for localization. 

The experiment results indicate that the improved method can accurately locate multi-

rubbing faults. It is an efficient way to assist incipient rubbing faults diagnosis. 

 

Keywords: Rubbing Fault, Acoustic Emission, Near Field, Multiple Signal 
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1. Introduction 

The rotor elements are critical components of rotating machinery in industrial 

applications (i.e., turbines, compressors, pumps motors, etc.) [1].The scratching between 

rotor and stator emits acoustic energy which contains lots of fault information. Currently, 

acoustic emission (AE) technique served as a kind of rotor-stator diagnostics method can 

make full use of these information for the defects detection in its incipient stage and 

inform the operator before hazard occurring so as to keep the rotating machinery at 

healthy condition for maximum production. 

Rubbing localization is of great importance in analysis of working condition of the 

machinery. As a conventional AE source localized method, Time difference of arrival 

algorithm (TDOA) has become the popular tool to recognize the AE source in laboratory. 

However, the localized accuracy of TODA is sensitive to preset AE signal threshold, 

dispersion and effective velocity during propagation process of waves and background 

noise etc., [2]. Besides, it is inconvenient and rather costly to use TDOA method for large 

rotary machinery since its large scale distribution of sensors for signal reception.  

He [4] proposed another array signal processing method, Near field Beam forming 

method (N-BF) combined with the plate theory was particularly suited for the rotor-stator 

rubbing source localization than traditional methods due to the lower needs of high 

sampling rates, simplified sensor arrangement and avoiding dispersion effect. However, 

the localization accuracy is still threatened by the noise rooting in AE records. Afterward, 

in order to solve the AE essence properties problems such as: fast fading and the 

background noise Deng [5] investigated rubbing location algorithm of N-BF based on 
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minimum variance distortionless response (MVDR). However, these improved methods 

can detect only one AE source at once under high signal-to-noise ratio (SNR). 

Multiple signal classification (MUSIC) algorithm is an effective way to detect multiple 

acoustic sources simultaneously in far-field propagation model. Li applied MUSIC (N-

MUSIC) method into near field propagation model to estimate the localization of single 

AE source in rotor-stator rubbing using a uniform line array [6]. Tang presented an 

improved near field method (IN-MUSIC) to localize the two incoherent narrow band AE 

sources [7]. However, combined with the characteristics of AE source caused by rub-

impact movement of rotor-stator such as low-strength, rapid attenuation, coherent and 

wideband, these nearfield MUSIC algorithm can hardly be suitable for rubbing fault 

localization. 

This paper proposes a novel Near-field MUSIC algorithm for the improved localization 

accuracy of multiple rubbing faults in rolling element. The pre-processing using Wavelet 

Packet reconstitution (WPR) based on Modal Plate Wave Theory (MPWT) is utilized to 

extract the useful narrow band from the observed AE wideband signal and revise velocity. 

The fourth-order cumulants (FC-MUSIC) is applied to increase the aperture size in virtual 

way for the decorrelation and the higher resolution. The rest of this paper is organized as 

following. First, we briefly analysis MPWT for the pre-processing of AE signals in 

Section 2. Then the proposed model for AE source localization is presented in Section 3. 

Section 4 shows the experimental results in detail. Finally, we conclude this paper in 

Section 5. 

 

2. The Pre-Processing of AE Signals. 

Based on the experiment condition the AE source can be transmitted in the waveguide 

steel plate with 10mm thickness, which is much shorter than acoustic wavelength in 

accordance with MPWT assumption. Thus, the wave equations can be used to explain the 

propagation characteristics of AE signal [4]. Equation (1) and Equation (2) defined the 

relation between frequency and wave velocity of extensional wave(S) and flexural wave 

(A) respectively. Here the propagation velocity of longitudinal wave cp and the 

propagation velocity of shear wave cs can be achived by using a lookup table method. 

Others p and q are two temporary variables, k is the wave number, h is the half thickness 

of plate and ω is the circular frequency, the outputs c is the phase velocity and cg is the 

group velocity, 
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As shown in Figure 1, the frequency is set below 200MHz, the mode A0 and S0 can be 

reserved and the high order modes can be filtered away for decreasing the frequency 

dispersion effect. On the other hand, the previous research presented that all the generated 

rubbing AE frequency are approximately concentrated on the range from 20 kHz to 50 

kHz [5]. Thus, considering the integrity of the observed AE signal, the filter band of 

acquisition system should be set at 1-200 kHz. And further the major components should 

be extracted by multi-scale wavelet decomposition and reconstitution [9].  
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Figure 1. Four Orders Dispersion Curves (a) Phase Velocity (b) Group 
Velocity 

Hemmati F concluded that the Daubechies11 (db11) orthogonal mother wavelet can 

achieved the optimal output SNR for the rubbing fault AE signal [8]. Then, the observed 

AE signal can be decomposed into three levels, the second sub-band with frequency range 

from 25.625 to 50.25 kHz defined as the characteristic signal for the following 

localization. 

 

3. The Proposed AE Source Localization Algorithm. 

The region of near field source can be expressed as |r|≤2d2/λ, where |r| is the distance 

form source to sensor, d is the aperture array of linear array sensors and λ is the operating 

wavelength. As shown in Figure 2, source 1 and source 2 are the preset coherent AE 

sources respectively. rpm and θpm are the distance and angle of arrival from the p-th AE 

source to the m-th sensor separately. The output of the sensors reception can be 

demonstrated by Equation (3), where p (p<m) is the number of the sources, xm(t) is the 

observed records from the m-th sensor, τi is the arrival time difference between the m-th 

sensor and the reference sensor, j=√(-1) is the imaginary unit, a(rp, θp) is the steering 

vector of the p-th sources, sm(t) is the AE source signal and em(t) is the noise vector. 
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Figure 2. Illustration of Near-Field Localization Model 

2 2 2

1 1 1 1(m 1) 2 (m 1) cos

( , ) exp[j2π ]

(t) ( , ) (t) (t)

p p p

m

p p m

p p

r d r d θ r
τ

c

r θ fτ

r θ

    




 m m m

a

x a s e

                                                                  (3) 

Then, we adopt the fourth-order cumulants of the observed data for angle and distance 

of arrival. The definition of the fourthorder cumulants of ix (t) ,
*x (t)j , x (t)k  and *x (t)l  is 

given by  
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                      (4) 

Where xi denotes xi(t) for short, E[∙] denotes expectation, the superscript T denotes 

complex conjugate. The Equation (3) is mapped into the Equation (4), according to the 

additivity and the multilinearity of the cumulants in the addition of independent variables, 

the expression as follows: 
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According to the Equation (5), a set of M4 fourth-order statistics can be obtained. In 

order to compute conveniently, the M4 matrix is mapped into M2 ×M2 R4 matrix as 

follows: 

4R ((i 1)M j,(k 1)M l) cum(x ,x ,x ,x )T T

i j k l                                                       (6) 

Then R4 can be the further simplified for the localization detection of the source, 

where   is Kronecker product [7]. 
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According to the MUSIC algorithm, if the signal are independent with each other, the 

matrix R4 can be decomposed into signal subspace and noise subspace, where the 

maximum eigenvector and eigenvalue correspond to the signal subspace US and the others 

mean noise subspace UN. Based on the orthogonal assumption between signal and noise, 

the angle and the distance detection of arrival can be estimated as follows, where ‖•‖ is 

matrix norm. 
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3. Experiments 

Figure 3, show the rotor rubbing test table which is a rotary system containing three 

bearings and two cross components, these three bearings are sliding bearings which can 

simulate rotor imbalance, shaft system misalignment, rubbing and other faults. Rubbing 

of rotor and stator can be generated by the rubbing screw. The AE signal acquisition 

system made by PAC Corporation. Four UT-1000 sensors are arranged in a line at the end 

of the one side of arch waveguide plate. The coordinate origin is placed in the left end of 

the sensor array with 50mm aperture. In the test, the rubbing screw rubbed the rotor at 

two the preset positions. The acquisition sampling frequency is set at 1MHz, the duration 

time is 5kms , the digital filter band is 1-200KHz and the pre-amplifier is 40dB.The preset 

rubbing positions are separately set at (10mm,10º) and (120mm,60º). 

Sensor

Pre-amplifier
Acquisition Card

Rotor Rub-Impact experiment

 Case

Rotate speed controller

Rubbing screw

 

Figure 3. Experimental Setup 
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(a) Waveform in time domain           

 

 

 

 

 

 

 

 

 

 

(b) Waveform in frequency domain 

Figure 4. Rubbing AE Signal 

Figure 4(a), shows the one AE event which records the entire two rubbing faults in 

time domain with 5120 points. Then the record is transformed into frequency domain 

using 8192 points FFT as shown in Figure 4(b). Due to the frequency dispersion effect the 

energy spread all over the frequency bins, but the major components are concentrated on 

the range from 0-100KHz. 

 

4. Simulations and Evaluations 
 

4.1. WPT for Zero-Order Modal Extraction  

Considering the AE propagation characteristics in steel plate with 10mm thickness, the 

S0 and A0 modes served as the feature can be applied into the following localized 

algorithm. Figure 5, present the reconstructed AE record using Db11 wavelet 3 levels 

decomposition. However, combined with the previous researches, the initial rubbing 

flexural wave grows well [5]. Then the second envelop is extended by the interference 

from the first one. These two envelope peaks are obviously separated and approximates to 

the A0 from nearest rubbing fault and the ulterior fault. Figure 5(b), describes the feature 

in time-frequency (T-F) domain.  
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(a) Feature in time domain  

 

 

 

 

 

 

 

 

 

 

 

(b) Feature in time-frequency (T-F) domain 

Figure 5. Reconstructed Each AE Event 

4.2. NFC-MUSIC Algorithm Localization Results 

Figure 6(a), presents the localization of the two simultaneous preset rubbing sources 

using NFC-MUSIC algorithm. The experiment result achieves the excellent localization 

performance. The spectrum peaks can be obviously shaped nearby the two rubbing 

position. Especially the near rubbing source can be detected sensitively and localized 

accurately. By contrast, the ulterior rubbing source without distinct sharp peaks achieves 

the lower localized accuracy due to the multipath interference from the first rubbing 

source.  

 

(a) The localization results of NFC-MUSIC 
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(b) The probability of success versus SNR 

Figure 6. The Localization Result Analysis 

Figure 6(b), presents the success probability comparison among the NFC-MUSIC, IN-

MUSIC, N-MUSIC and N-BF algorithms. In this experiment, 400 Monto Carlo trials are 

performed to evaluate the probability of success the under different SNR. A trial is 

successful if it successes in distinguishing two source, i.e., the corresponding spatial 

spectrum has two peaks [9]. It is clearly shown that the NFC-MUSIC and IN-MUSIC 

obtain a large probability to localize double AE sources successfully than N-MUSIC and 

N-BF method. It is because these front two algorithms can filer some coherent 

components away achieve the improved localization performance. Besides, the NFC-

MUSIC manifests the better anti-noise ability due to the increased virtual sensors. 

Therefore, NFC-MUSIC method can be applied to detect the rubbing sources in rotary 

machine for the incipient fault diagnosis. 

 

5. Conclusions 

This paper proposes a novel near-field multiple signal classification algorithm to detect 

multiple rubbing AE sources in rotor machinery. The superiorities of this algorithm to 

traditional methods are the feature narrow sub-band extracted using MPWT and WPT for 

overcoming dispersion effect and revised velocity 

The superiorities of this algorithm to traditional methods are the extracted S0 and A0 

through MPWT and WPT for overcoming dispersion effect and revised velocity, the NFC-

MUSIC algorithm for double AE sources decorrelation and increasing localized resolution. 

The experiment results show that NFC-MUSIC method can be served as the useful AE 

source localization methodology for the rotor rubbing fault diagnosis. Further work will 

continue to reduce the computation complexity for the workability of multi- rubbing 

sources detection on-line monitoring. 
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