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Abstract 
 
Blade-casing rubbing experiments, which include single-point rubbing and partial rubbing, are carried out on an aero engine rotor ex-

perimental rig with casings. Casing vibration acceleration signals are analyzed for extracting the rubbing faults’ characteristics. The re-
sults show that under rubbing, casing signals have obvious impact characteristics: impact frequency is the frequency of blades passing the 
casing, and it equals the product of rotating frequency and the number of blades; the frequency spectrum shows the blade-passage fre-
quency and its multiple-frequencies; impact strength is modulated by the rotating frequency so that there are families of side bands on 
both sides of the blade-passage frequency and its multiple frequencies, and the side bands’ interval equals the rotating frequency. There 
are obvious quefrency components of the rotating frequency and its multiple frequencies in the cepstrum, and there is also a distinct rotat-
ing frequency and its multiple frequencies in the wavelet envelope spectrum. Finally, the rubbing characteristics determined in this study 
are verified by using test data from an actual aero engine.  
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1. Introduction 

For improving the thrust–weight ratio and structural effi-
ciency of an aero engine, the clearance between its rotor and 
stator needs to be narrowed. However, by doing so, the possi-
bility of rotor–stator rubbing, especially blade–casing rubbing, 
will increase greatly. Rotor–stator rubbing can have dire con-
sequences, such as rotor–stator clearance enlargement, bearing 
wear, blade breakage, and even overall mechanical failure [1, 
2].  

Many studies have been conducted on the rubbing dynam-
ics mechanism and rubbing experiments; a few characteristics 
and phenomena ascribed to rubbing, such as waveform cutting, 
frequency doubling, frequency division, and chaos, have been 
determined. In many such studies, theoretically deduced re-
sults were verified experimentally [3-9]. Recent studies on 
rubbing faults have considered the structural features of actual 
blades. Liu et al. [10] conducted a numerical simulation of the 
aero engine blade–casing rubbing process using LS-DYNA, a 
general-purpose finite element software program, and ana-
lyzed the dynamic response on the top of a blade under the 
combined effect of instant crash and friction load (Rubbing 
load), while considering the structural features of actual blades. 

Williams [11] proposed a new modeling method for blade–
casing rubbing. This model incorporates a refined model of 
inner wear in casing, and the applicability of this method is 
verified by an experiment. By analyzing the blade-casing local 
contact rubbing force data obtained from experiments and 
contact dynamics simulation, it can be found that the contact 
force of single-point rubbing or local rubbing is similar to a 
periodic pulse force. Considering this rubbing condition, a few 
have proposed simulation methods for rubbing faults based on 
the pulse force model [12-14]. 

However, for aero engines, the main distinctions of rubbing 
faults are as follows: 1) casings are typical thin-walled struc-
tures; 2) rubbing faults mainly appear between the blade and 
the casing; 3) generally, only vibration acceleration of the 
casing can be measured, and it is very difficult to obtain vibra-
tion displacement of rotors; therefore, it is impossible to rec-
ognize the rubbing faults through the rotors’ vibration signal 
characteristics. 

The existing theoretical and experimental studies do not 
consider all of the above-mentioned characteristics. Conse-
quently, they cannot be applied directly to aero engine rubbing 
fault diagnosis. It is necessary to study the characteristics and 
laws of casing vibration acceleration signals for effectively 
identifying the rubbing faults of an aero engine. In addition, 
some experimental work is carried out for analyzing and veri-
fying the characteristics of blade–casing rubbing faults. 
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In this study, an aero engine rotor experimental rig is used 
for single-point and local partial rubbing experiments. The 
casing vibration acceleration signals are measured and ana-
lyzed, and the characteristics and laws of blade–casing rub-
bing faults are found. Finally, the characteristics are verified 
with real aero engine test data. 

 
2. Analysis of rubbing fault characteristics based on 

rubbing experiments  

2.1 Introduction to aero engine rotor experiment rig 

We used an aero engine rotor experiment rig with shaft, ball 
bearings, discs, blades and thin-walled casings, designed by 
the Shenyang Aero-engine Design Institute, China, for the 
rubbing experiments. The structural design of this experimen-
tal rig has these features as follows: First, its shape is consis-
tent with that of core-engine casings, and its size is treble re-
duced. Second, the internal structure of the rig is simplified. 
The core-engine is simplified to a 0-2-0 support structure form, 
and an adjustable stiffness support structure is designed for 
adjusting the system's dynamic characteristics. Third, the mul-
tistage compressor is simplified to a single-stage disk structure. 
Finally, the aero engine experimental rig forms the rotor-
support-blade disk-casing system.  

The experiment diagram is shown in Fig. 1, the aero engine 
rotor experiment rig is driven by the motor, and the rotating 
speed is increased by the gear box. The rubbing experiments 
are made on the turbine casing. In the experiments, rubbing 
bolts are screwed using a spanner for deforming the rubbing 
loop so that single-point rubbing appears between the rubbing 
loop and the rotating turbine blades. The bearing housing po-
sition can be adjusted using a turbine screw mechanism so that 
the entire rotor moves to the casing and partial blade–casing 
rubbing takes place. Rubbing sparks occur under intense rub-
bing. The vibration signals on the turbine casing are collected 
by means of the USB9234 data acquisition card of the NI 
Company; the 4805 type ICP acceleration sensors of B&K 
Company are used to pick up the acceleration signals, and the 
eddy current sensor is used to measure the rotating speed. The 
sampling frequency is 10.24 kHz. 

The average wall thickness is 7 mm, whereas that of typical 
thin-walled casings is 4 mm. The thick-walled turbine casing 

photograph before installation is shown in Fig. 6, and its 
physical map after installation is shown in Fig. 7. The single-
point rubbing experiment conducted on the thick-walled cas-
ing is shown in Fig. 8. A schematic diagram of the rubbing 
measurement points on the thick-walled turbine casing is 
shown in Fig. 8. A comparison of Figs. 3 and 9 shows that 
unlike the thin-walled casing, on the thick-walled casing, the 

 
 
Fig. 1. The rubbing experiment diagram. 

 

 
 
Fig. 2. Aero engine rotor experimental rig. 

 

 
 
Fig. 3. Radial measurement points and rubbing points on turbine casing. 
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single-point rubbing positions are at the upper right, bottom 
right, bottom left, and upper left. However, the positions of 
partial rubbing are the same as those on the thin-walled casing. 

As can be seen in Fig. 5, partial blade-casing rubbing is 
achieved by moving the shaft-disc-blades in the left or the 
right direction after screwing the partial rubbing adjustment 
mechanism. 

For comparing the effect of casing thickness on rubbing 
fault characteristics, a thick-walled turbine casing is designed. 
The average wall thickness is 7 mm, whereas that of typical 
thin-walled casings is 4 mm. The thick-walled turbine casing 

photograph before installation is shown in Fig. 6, and its 
physical map after installation is shown in Fig. 7. The single-
point rubbing experiment conducted on the thick-walled cas-
ing is shown in Fig. 8. A schematic diagram of the rubbing 
measurement points on the thick-walled turbine casing is 
shown in Fig. 8. A comparison of Figs. 3 and 9 shows that 
unlike the thin-walled casing, on the thick-walled casing, the 
single-point rubbing positions are at the upper right, bottom 
right, bottom left, and upper left. However, the positions of 
partial rubbing are the same as those on the thin-walled casing. 

 
 
Fig. 4. Accelerometers on turbine casing. 
 

 
 
Fig. 5. Partial rubbing adjustment mechanism. 
 

 
 
Fig. 6. Thick-walled casing before installation. 

 

 
 
Fig. 7. Thick-walled casing after installation. 
  

 
 
Fig. 8. Single-point rubbing of thick-walled casing. 

 

 
 
Fig. 9. Radial measurement points and rubbing points on thick-walled 
turbine casing. 
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The data of four experiments conducted on July 27, 2011, 
May 12, 2012, April 29, 2013, and June 26, 2013 were se-
lected for analysis and summarized in Table 1. The experi-
ments conducted on July 27, 2011 were single-point rubbing 
on a thin-walled turbine casing. The measurement points on 
the turbine casing were the top, right, bottom, and left; the 
rubbing intensities were light and intense at rotational speeds 
of 1000 rpm and 1700 rpm, respectively. The experiments 
conducted on May 12, 2012 were single-point rubbing on the 
thin-walled turbine casing. The measurement points on the 
turbine casing were the top, right, bottom, and left, and the 
rubbing intensity was moderate at the rotational speed of 1500 
rpm. The experiments conducted on April 29, 2013 were sin-
gle-point and partial rubbing on the thin-walled turbine casing. 
The measurement points on the turbine casing were the top, 
right, bottom, and left, and top on the compressor casing. The 
rubbing intensity was moderate at the rotational speed of 1200 
rpm. The experiments conducted on June 26, 2013 were sin-
gle-point and partial rubbing on the thick-walled turbine cas-
ing. The measurement points on the turbine casing were the 
top, right, bottom, and left, and top on the compressor casing. 
The rubbing intensity was moderate at the rotational speed of 
1200 rpm. 

 
2.2 Characteristics analysis of casing acceleration signals 

under single-point rubbing 

Channel 1 (CH1) testing data obtained from the experi-
ments conducted on May 12, 2012, is selected; the corre-
sponding rubbing position is the vertical top, and the experi-
mental rotational speed is 1489 rpm (= 24.8 Hz). Figs. 10(a) 
and (b) show the time-domain waveforms; Fig. 10(b) is an 
enlarged version of Fig. 10(a). The frequency spectrum plots 
are shown in Figs. 10(c)-(e); Fig. 10(e) is enlargement 1 of 
Figs. 10(c) and (d) is enlargement 2 of Fig. 10(c). Fig. 10(f) 
shows the signal cepstrum. Figs. 10(g) and (h) shows the 
wavelet envelope spectrums.  

The cepstrum, which is a very useful diagnosis method in 
engineering practice, is defined as the inverse Fourier trans-
form after taking the logarithm of the power spectral density 

function, as shown in Eq. (1), in which IDFT[.] denotes the 
inverse discrete Fourier transform; the total number of the 
discrete frequency point is N, and k = 1,2,¼N; ( )xxS k  is the 
power spectral density function; therefore, the cepstrum is: 

 
( ) [lg( ( ))]x xxC k IDFT S k= .            (1) 

 
An important role of the cepstrum is to analyze the ampli-

tude modulation signal such as faulty gear vibration signal; its 
effectiveness has already been verified by many engineering 
cases. The cepstrum can simplify a group of sideband fre-
quency bands in original power spectrum into some single 
spectral lines, and the quefrency of the first single spectral line 
is the reciprocal of the frequency interval of the sidebands. 

In this study, a new method to analyze the amplitude modu-
lation signal is carried out by means of a wavelet envelope 
spectrum analysis. Qiu [15] provides a reference for the de-
tailed process of this algorithm. The essence of wavelet enve-
lope spectrum analysis is to take advantage of the bandpass 
filter characteristics of wavelet analysis, and to decompose the 
signals using appropriate wavelet functions so as to obtain an 
appropriate frequency band. Then, by means of envelope de-
modulation, low frequency envelop signals that only contain 
the modulation information are obtained. Its spectrum is the 
wavelet envelope spectrum, in which the modulation frequen-
cies of the signals can be found. In this paper, the multi resolu-
tion wavelet analysis method and the Db4 wavelet function 
are selected; the number of the decomposition levels is 3, and 
those decomposition signals can be obtained, which include 
the first layer detail signal d1, the second layer detail signal d2, 
the third layer detail signal d3, and the third layer approxima-
tion signal a3. Figs. 10(g) and (h) are wavelet envelope spec-
trums of the first layer detail signal d1 and the second layer 
detail signal d2. 

Because the rotor experiment rig is a shaft-disk-blade struc-
ture, when rubbing occurs, every blade hits the rubbing point 
in turn. This impact action circulates once for each complete 
rotor rotation. Therefore, the impact frequency due to rubbing 
is the frequency at which the blades pass the rubbing point on 
the casing, and it is blade-passage frequency, and equals the 

Table 1. Rubbing experiment data. 
 

Experiment date  Rubbing type Rubbing intensity Turbine casing Measurement points Rotational speed 

2011-07-27 Single point Light; intense Thin-walled (4 mm) Turbine casing: 
top, right, bottom, and left 

1000 rpm 
1700 rpm 

2012-05-12 Single point Moderate Thin-walled (4 mm) Turbine casing: 
top, right, bottom, and left 1500 rpm 

2013-04-29 Single point, partial Moderate Thin-walled (4 mm) 
Turbine casing: 

top, right, bottom, and left; 
compressor casing: top 

1200 rpm 

2013-06-26 Single point, partial Moderate Thick-walled (7 mm) 
Turbine casing: 

top, right, bottom, and left; 
compressor casing: top 

1200 rpm 
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product of rotating frequency and the number of blades. 
Therefore, the frequency spectrum shows the impact fre-
quency and its multiple frequencies. In addition, under excita-
tion from an unbalanced force, the rotor produces a whirling 
motion with a frequency equal to the rotating frequency; con-
sequently, the strength of the impact action of rubbing is 
modulated by the rotational frequency. Therefore, there are the 

obvious amplitude modulation characteristics in the frequency 
spectrum, i.e., there are many side bands on both sides of the 
blade-passage frequency and its multiple frequencies. In the 
experimental data, the rotational speed is 1489 rpm, rotational 
frequency is 24.8 Hz, and the number of blades is 32; there-
fore, the rubbing frequency is 794 Hz, which is the product of 
the rotational frequency and the number of blades. The rub-

      
                              (a) Waveform                              (b) Waveform (Enlargement of Fig. 10(a)) 
 

      
                               (c) Spectrum                              (d) Spectrum (Enlargement 2 of Fig. 10(c)) 
 

      
                    (e) Spectrum (Enlargement 1 of Fig. 10(c))                             (f) Cepstrum 
 

      
                     (g) Wavelet envelope spectrums of d1                    (h) Wavelet envelope spectrums of d2 
 
Fig. 10. Characteristics analysis under single-point rubbing. 
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bing frequency and its multiple frequencies (794 Hz, 1588 Hz, 
2382 Hz, 3176 Hz, and 3970 Hz), are shown in Fig. 10(c). 
There are side bands on both sides of blade-passage frequency 
and its multiple frequencies, and the side bands’ interval is 
equal to the rotational frequency, which is 24.8 Hz in this case. 
Fig. 10(d) zooms in on the spectrum near 749 Hz. From this 
figure, the side bands near 749 Hz can be observed, and the 
side bands’ interval equals the rotational frequency. Further-
more, there are obvious quefrency components of the rota-
tional frequency and its multiple frequencies, as shown in Fig. 
10(f). Fig. 10(e) shows the low-frequency segment of the 
spectrum, the rotational frequency, and its multiple frequency 
components. In addition, in the wavelet envelope spectrums as 
shown in Figs. 10(g) and (h), there is a very obvious rotational 
frequency and its multiple frequencies components, and it also 
shows that the casing acceleration signal is modulated by the 
rotational frequency. 

For the sake of comparison, under no rubbing, the testing 
data of CH1 obtained from the experiments conducted on May 
12, 2012, is selected. Fig. 11(a) shows the time-domain wave-
forms, Fig. 11(b) shows the frequency spectrum, Fig. 11(c) 
shows the low-frequency segment of spectrum, Fig. 11(d) 
shows the cepstrum, Figs. 11(e) and (f) are the wavelet enve-
lope spectrums of d1 and d2. Compared with the acceleration 
signals of the casing under rubbing, it can be seen that under 
no rubbing, the blade-passage frequency and its multiple fre-
quencies do not appear, and there are no amplitude modula-
tion characteristics in the signals, as well as no quefrency 
components of the rotational frequency and its multiple fre-
quencies in the cepstrum, and there is no rotational frequency 
and its multiple frequencies in the wavelet envelope spectrum. 
Additionally, in the low-frequency segment, the multiple fre-
quency components of the rotational frequency are more ob-
vious under rubbing than under no rubbing. 

      
                             (a) Waveform                                           (b) Spectrum 
 

      
                     (c) Low-frequency segment of spectrum                               (d) Cepstrum 
 

      
                   (e) Wavelet envelope spectrums of d1                           (f) Wavelet envelope spectrums of d2 
 
Fig. 11. Characteristics analysis under no rubbing. 
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2.3 Analysis of casing acceleration signals under partial rubbing 

The testing data of CH1 obtained from the experiments 
conducted on April 29, 2013 is selected. The rotor–stator rub-
bing position was at the horizontal right. The experimental 
rotational speed was 1199 rpm = 20 Hz. Figs. 12(a) and (b) 

show the time-domain waveforms, and Fig. 12(b) shows an 
enlarged version of Fig. 12(a). Figs. 12(c)-(e) show the fre-
quency spectrum plots. Fig. 12(e) is enlargement 2 of Fig. 
12(c), while Fig. 12(d) is an enlargement 1 of Fig. 12(c). Fig. 
12(f) shows the signal cepstrum. Figs. 12(e) and (f) are the 
wavelet envelope spectrums of d1 and d2.  

      
                         (a) Time-domain waveform                 (b) Time-domain waveform (Enlargement of Fig. 12(a)) 
 

      
                            (c) Spectrum                                  (d) Spectrum (Enlargement 2 of Fig. 12(c)) 
 

      
                 (e) Spectrum (Enlargement 1 of Fig. 12(c))                                    (f) Cepstrum 
 

      
                    (g) Wavelet envelope spectrums of d1                       (h) Wavelet envelope spectrums of d2 
 
Fig. 12. Characteristics analysis under partial rubbing. 
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From these figures, it can be seen that the characteristics of 
the casing vibration acceleration signals under partial rubbing 
are the same as those under single-point rubbing. The casing 
signals under partial rubbing have obvious impact characteris-
tics, which can be ascribed to the blade-passage frequency and 
its multiple frequencies. Impact strength is modulated by the 
rotational frequency, and there are obvious quefrency compo-
nents of the rotational frequency and its multiple frequencies 

in the cepstrum, and there also are obvious rotational fre-
quency component in the wavelet envelope spectrums. 

 
2.4 Effect of casing thickness on rubbing characteristics 

For comparing the effect of casing thickness on rubbing 
fault characteristics, the testing data of CH1 obtained from 
the experiments conducted on June 26, 2013 was selected, 

      
                       (a) Time-domain waveform                        (b) Time-domain waveform (Enlarged Fig. 13(a)) 
 

      
                               (c) Spectrum                                (d) Spectrum (Enlarged 2 of Fig. 13(c)) 
 

      
                   (e) Spectrum (Enlarged 1 of Fig. 13(c))                                    (f) Cepstrum  
 

      
                   (g) Wavelet envelope spectrums of d1                          (h) Wavelet envelope spectrums of d2 
 
Fig. 13. Characteristics analysis under thick casing. 
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and the rotor–stator rubbing position was the top right of the 
thick-walled turbine casing. The experimental rotational 
speed was 1220 rpm = 20 Hz. Figs. 13(a) and (b) show the 
time-domain waveforms, and Fig. 13(b) shows an enlarged 
version of Fig. 13(a). Figs. 13(c)-(e) show the frequency 
spectrum plots; Figs. 13(d) and (e) are enlargements 2 and 1, 
respectively, of Fig. 13(c). Fig. 13(f) shows the signal cep-
strum. Figs. 13(g) and 12(h) are the wavelet envelope spec-

trums of d1 and d2. From these figures, it can be seen that the 
characteristics of the thick-walled casing vibration accelera-
tion signals under rubbing are almost the same as those of the 
thin-walled casing. The casing signals under rubbing have 
obvious periodic impact characteristics; the strength of this 
impact is modulated by the rotational frequency, and there 
also are obvious rotational frequency components in the 
wavelet envelope spectrums. 

      
                        (a) Time waveform (Light rubbing)                     (b) Time waveform (Serious rubbing) 
 

      
                          (c) Spectrum (Light rubbing)                        (d) Spectrum (Serious rubbing) 
 

      
                        (e) Cepstrum (Light rubbing)                            (f) Cepstrum (Serious rubbing) 
 

      
                (g) Wavelet envelope spectrum (Light rubbing)                  (h) Wavelet envelope spectrum (Serious rubbing) 
 
Fig. 14. Characteristics analysis under different rubbing intensity. 
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2.5 Effect of rubbing intensity on rubbing characteristics 

For comparing the effect of rubbing intensity on the charac-
teristics of rubbing faults, the testing data of CH1 obtained 
from the single-point rubbing experiments conducted on July 
27, 2011 was selected. The rotor–stator rubbing position was 
the vertical top of the thin-walled turbine casing. The experi-
mental rotational speed was 1019 rpm = 17 Hz. 

Figs. 14(a) and (b) show the time-domain waveforms. Figs. 
14(c) and (d) show the frequency spectrum plots. Figs. 14(e) 
and (f) show the signal cepstrum. Figs. 14(g) and (h) show the 
wavelet envelope spectrum. From these figures, it can be seen 
that larger casing vibration acceleration is caused by serious 
rubbing, but the characteristics of different rubbing intensities 
are almost the same, and the characteristics of serious rubbing 
are clearer than those of light rubbing. This conclusion pro-

      
                                (a) Waveform                          (b) Waveform (Enlargement of Fig. 15(a)) 
 

      
                                 (c) Spectrum                          (d) Spectrum (Enlargement 2 of Fig. 15(c)) 
 

      
                   (e) Spectrum (Enlargement 1 of Fig. 15(c))                           (f) Cepstrum 
 

      
                    (g) Wavelet envelope spectrum of d1                           (h) Wavelet envelope spectrum of d2 
 
Fig. 15. Characteristics analysis based on different measuring point signals. 
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vides an important basis for rubbing recognition. 

 
2.6 Effect of measuring point on rubbing characteristics 

For analyzing the effect of measurement point location on 
rubbing characteristics, the compressor casing acceleration is 
analyzed under partial rubbing of the turbine casing. Data 
from the experiment conducted on April 29, 2013, i.e., data 
from the vertical upper measurement point on the compressor 
casing, was selected, and the experimental rotational speed 
was 1199 rpm = 20 Hz. Figs. 15(a) and (b) show the time-
domain waveforms, and Fig. 15(b) shows an enlarged version 
of Fig. 15(a). Figs. 15(c)-(e) show the spectrum plots; Fig. 
15(e) is enlargement 1 of Figs. 15(c) and (d) is enlargement 2 
of Fig. 15(c). Fig. 15(f) shows the signal cepstrum, and Figs. 
15(g) and (h) show the wavelet envelope spectrums. It can be 
seen that when the measurement point is far away the rubbing 
point, the signal amplitude decreases to some extent, but its 
characteristics are the same, namely, in the acceleration signal, 
there exist the blade-passage frequency and its multiple fre-
quencies on both sides of which there are side bands with an 
interval equal to the rotating frequency. Furthermore, there are 
obvious quefrency components of the rotating frequency and 
its multiple frequencies in the cepstrum, and there also are 
obvious rotational frequency components in the wavelet enve-
lope spectrums. 

 
3. Characteristics analysis of certain real turbojet 

aero engine rubbing fault  

3.1 Aero engine’s structure and original vibration signals 

A structural diagram of a certain missile turbojet aero en-
gine is shown in Fig. 16. The aero engine is of the 0-2-0 sup-
port structure form, and it consists of a compressor rotor and a 
turbine rotor. There is only one measurement point on the 
middle casing above the front support. The casing vibration 
acceleration time history of an abnormal vibration is shown in 
Fig. 17. The aero-engine rotating speed rises from 30000 rpm 
to 50000 rpm, to 55000 rpm, to 58000 rpm, and then returns 
to 5000 rpm, to 30000 rpm finally. The sampling rate is 25.6 k. 

 
3.2 Signal analysis 

The changes in vibration acceleration with the changes in 

rotating speed are plotted in Fig. 18. Fig. 18(a) shows a plot of 
the changes in the 1´, 2´, 3´, and 4´ components with the 
changes in rotational speed, and Fig. 18(b) shows the changes 
in the 1´, 2´, 3´, and 4´ components and the effective value 
with changes in the rotational speed. From Fig. 18, the follow-
ing can be observed: 1) as the rotational speed increases from 
30,000 rpm to 50,000 rpm, vibration acceleration increases 
gradually, but there is considerable fluctuation close to 50000 
rpm; 2) All other rotating speeds except 50000 rpm, the 1´ 
component is much larger than 2´, 3´, and 4´ components, 
but near 50000 rpm, the 3´ component is larger than 1´ com-
ponent, from Fig. 18(b), the vibration effective value near 

 
 
Fig. 16. Structural diagram of certain missile turbojet engine. 

 
  

Fig. 17. Original data. 
 

 
(a) 1´, 2´, 3´, and 4´ components 

 

 
(b) 1´, 2´, 3´, 4´, and effective value 

 
Fig. 18. Vibration–speed relationship. 
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50000 rpm reaches 110 g, and much larger than other speeds. 
Here, the rotating speed is defined as N1. The whole proc-

ess is divided into three segments: S1:125-350s, S2:350-600s, 
and S3:600-850s. Figs. 19-21, respectively, show the 3D wa-
terfall plots of the three segments’ vibration signals. From 
these plots, it can be seen that there is no 13 ´ N1 component 
as the rotational speeds are near 30000 rpm. However, as the 
rotational speeds rise over 50000 rpm, there is an obvious 13 ´ 
N1 component, and the number of the engine compressor 
blades is right 13. 

Figs. 22 and 23 are the frequency spectrums of rotating 
speed 50812 rpm, and Fig. 23 is the longitudinal coordinate 
enlargement of Fig. 22. Figs. 24-26 are, respectively, the fre-
quency spectrums of rotating speed 54750 rpm, 56625 rpm, 
and 58500 rpm. From Fig. 22, the 13´N1 component reaches 
140g, and there is a sideband on both sides of the 13´N1 

component, and the sideband’s interval is N1; and from Fig. 
23, the 3´N1 component is obviously larger than the 1´N1 
component. However, as shown in Fig. 24, the 13´N1 com-
ponent is only 25 g as rotating speed 54750 rpm; only 20 g as 
rotating speed 56625 rpm as shown in Fig. 25; and only 40 g 
as rotating speed 58500 rpm as shown in Fig. 26. In addition, 
the 12´N1 component and the 14´N1 component near the 
13´N1 component are all very small; in low frequency seg-
ments, the 1´N1 component is obviously larger than the 2´N1 
component and 3´N1 component. 

 
3.3 Conclusions of signal analysis 

From the signals analysis, the blade-casing rubbing fault 

 
 
Fig. 19. The 3D waterfall plot of the S1:125-350 s. 

 

 
Fig. 20. the 3D waterfall plot of the S2:350-600 s. 

 

 
Fig. 21. the 3D waterfall plot of the S3:600-850 s. 

 

 
 
Fig. 22. Frequency spectrum (50812 rpm). 

 

 
 
Fig. 23. Enlargement of Fig. 22. 

 

 
 
Fig. 24. Frequency spectrum (54750 rpm). 

 

 
 
Fig. 25. Frequency spectrum (56625 rpm). 

 

 
 
Fig. 26. Frequency spectrum (58500 rpm). 
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appears near 50000rpm. The main reasons are as follows:  
(1) The vibration effective value reached 110 g near 50000 

rpm; moreover there are considerable fluctuations in vibration.  
(2) In a practical aero engine, the blade-passage frequency 

components, namely 13 ´ N1 components, probably come-
from the gas exciting besides blade-casing rubbing. Usually 
the blade–passage component due to the gas exciting is not 
large; however, once rubbing appears, the blade-passage fre-
quency component will sharply rise. Through the vibration 
signals analysis, it can been seen that near 50000 rpm, the 
13´N1 components reach 140g; in addition, the sideband ap-
pears near the 13´N1 component. By contrast to the other 
rotating speeds, at 54750 rpm, 56625 rpm, and 58500 rpm, the 
13´N1 components basically are all less than 40g. It shows 
that no rubbing faults appear at these rotating speeds, and the 
13´N1 component mainly comes from the gas exciting, but no 
rubbing. 

(3) Near 50000 rpm, in the low frequency segment of the 
spectrum, the 3´N1 component is obviously larger than the 
1´N1 component; however, at other rotating speeds, the 1´N1 
component is obviously larger than the 2´N1 and 3 ´N1com-
ponents. 

 
Finally, after disassembling the aero-engine, it was found 

that there were scratches on the centrifugal impeller and the 
centrifugal casing, as shown in Fig. 27; therefore, the correct-
ness and effectiveness of the feature analysis about the rub-
bing fault in this study are strongly verified. 

 
4. Conclusions 

(1) The casing signals under rubbing have obvious cyclic 
impact characteristics; the impact frequency is the blade-
passage frequency, which equals the product of the rotational 
frequency and the number of blades; the frequency spectrum 
contains the blade-passage frequency and its multiple frequen-
cies. The rotor whirls due to an unbalanced force, so the 
strength of the impact is modulated by the rotating frequency. 
Consequently, there are families of sidebands on both sides of 
the blade-passage frequency and its multiple-frequencies, and 
the sidebands’ interval equals the rotating frequency. There 
are obvious quefrency components of the rotational frequency 

and its multiple frequencies in the cepstrum. Compared with 
the signals under no rubbing, these characteristics disappear. 
The characteristics are very stable for different rubbing inten-
sities, different casing thicknesses, and different measurement 
positions. 

(2) In the low-frequency segment of the casing acceleration 
spectrum, there are more obvious rotating frequencies and 
their multiple frequencies under rubbing than under no rub-
bing. At present, aero engine fault diagnosis mainly focuses 
on the low-frequency segment, and the high frequency seg-
ment is usually ignored. However, the high-frequency seg-
ment contains more important information about aero engine 
rubbing faults.  

(3) By analyzing the test data of a real aero engines, the ac-
curacy and effectiveness of rubbing fault’s characteristics 
determined in this study are strongly verified. 

 
The research results presented in this paper have great sig-

nificance and reference value for real aero engine fault diag-
nosis. 
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