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Abstract
Purpose During their lifetime, rotating machines experience various problems. Among others, rotor–stator rubbing is one 
of the most common problems encountered. Therefore, this paper proposes a two-step procedure for rotor–stator partial rub 
detection.
Methods The first step applies the instantaneous angular speed (IAS) measurement. In this paper, the IAS signal is meas-
ured at low to moderate sampling rates as an analog signal from the zebra tape encoder. The correction of encoder segment 
non-uniformity is also briefly presented in the paper. As a means of coping with the nonlinear signal of the partial rub, the 
variational mode decomposition (VMD) is proposed in the paper, as the second step of the detection procedure. The VMD 
is a relatively new method with promising results for machinery fault detection.
Results The partial rub detection tool was tested on the laboratory test rig under three different rotor operating conditions; 
firstly, for constant rotor speed without rubbing, secondly for rotor running at near critical constant speed with light rotor–stator 
rubbing, and finally under the condition which describes capabilities of the proposed rubbing detection procedure during vari-
able rotor speed operation. The measurements were taken with an optical phase sensor pointed at the zebra tape encoder. The 
results are presented in the shape of rotor orbits, IAS signals, FFT spectra of IAS signals and VMD spectrograms of IAS signals.
Conclusions It can be concluded that VMD spectrogram of IAS signal yields a clear detection criterion for light partial 
rotor–stator rubbing by the presence of 1/2×, 3/2× and 5/2× fractional harmonics. Depending on the analyzed conditions of 
partial rubbing, at least one of the mentioned fractional harmonics should appear.

Keywords Partial rub · Fault detection · Instantaneous angular speed measurement · Variational mode decomposition 
(VMD)

Introduction

Contact or rub between rotor and stator is one of the most 
intense subjects in rotor dynamics. It occurs when rotating 
machines operate near critical speed or during start-up/shut 
down when they exceed their critical speeds. Depending on 

the rotor and stator configuration and various applications, 
the rotor–stator rubbing phenomenon can be classified as 
rotor rigid disc–rigid stator rubbing [1–3], bladed disc–stator 
rubbing [4] and rotor–stator rubbing in retainer bearings of 
the active magnetic bearings [5, 6].

Rotor vibrations are mostly measured by accelerometers 
at bearing pedestals or with non-contacting displacement 
probes relatively from bearing pedestals to shaft in two 
radial directions (horizontal, vertical) and, if required, in 
axial direction too [7–10].

Lately, a measurement of instantaneous angular speed 
(IAS) [11–14] has been recognized as a promising technique 
for fault detection. It is based on the idea that the rotor encoder 
signal can be used to determine new vibration-based condi-
tion patterns to improve overall detection capabilities, espe-
cially for those machines susceptible to torsional vibration. 
Performing measurements on the toothed wheel encoder or 
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the zebra tape encoder with analog signals and acquiring them 
by means of a general purpose analog-to-digital-converter 
(ADC) system at low to moderate sampling rates can result 
in non-uniformity of encoder segments geometry. This can be 
rectified by applying the normalized time passage ratio [15].

Rotor–stator-generated vibrations invariably contain non-
linear and non-stationary signals and an array of new meth-
ods have been developed recently to analyze such signals. The 
Empirical Modal Decomposition (EMD) seems to be one of 
the most promising methods to that end [16–19], as it decom-
poses the data into a set of intrinsic mode functions (IMF’s), not 
assuming linearity, stationarity, or any a priori bases for decom-
position. However, despite their popularity and acceptance, the 
IMFs of the original version of EMD, also referred to as the 
Hilbert Huang Transform (HHT), exhibit a disadvantage as they 
lack the mono-component property for the real signals con-
taining noise. To overcome this issue, a new approach termed 
the variational mode decomposition (VMD) was proposed by 
Dragomiretskiy and Zosso [20]. The VMD method decom-
poses an input signal into a number of separate sub-signals 
where each sub-signal has a center frequency and collectively 
reproduces the input signal. The method is, thus, entirely non-
recursive and the sub-signals are extracted concurrently.

In this paper, the IAS measurements are performed with 
a zebra tape encoder with 30 segments at 20-kHz sampling 
frequency. To decrease error caused by triggering of the 
low-sampling-frequency analog signal, raw signal should 
be up-sampled by a factor 50 performing cubic spline inter-
polation. A correction procedure was performed using the 
normalized time passage ratio of encoder segments to off-
set the encoder geometric non-uniformity. Ultimately, to 
test the detection possibility of the technique based on IAS 
measurement and VMD time–frequency transform, a partial 
rotor–stator rub failure is analyzed. Existing work interprets 
the partial rub phenomenon with the presence of fractional 
sidebands of rotor speed in FFT frequency spectra. It can 

be concluded that the VMD spectrogram can detect a light 
partial rotor–stator rub condition and draw a clear differ-
ence between the no-rubbing and rubbing condition.

Instantaneous angular speed measurement

In Ref. [11], a review of various types of angular speed 
measurement methods is given. They could be basi-
cally divided into two groups: timer/counter methods and 
analog-to-digital-converter (ADC)-based methods. The for-
mer could be further subdivided into methods measuring 
elapsed time between successive encoder pulses or count-
ing encoder pulses during the prescribed time. The latter 
methods were not very attractive to researchers of condition 
monitoring until recent remarkable increase of speed and 
memory capacity of modern computers and general purpose 
data acquisition systems. Because ADC-based methods treat 
encoder signal as any other analog signal, an elegant solution 
for software upgrade of measuring system originally built 
for lateral vibration measurements is offered. This paper 
considers IAS measurement based on the ADC method and 
discusses signal conditioning necessary to extract useful IAS 
signal. Figure 1 presents the basic idea, i.e., how the IAS sig-
nal was extracted by triggering the encoder segment, while 
passing the analog lateral sensor. This signal should be then 
processed and finally decomposed using the VMD method 
to extract instantaneous frequency and amplitude.

Memory capacity of the acquisition system or length of 
the record for a given sampling frequency and encoder reso-
lution affects minimum measurable speed; whereas the max-
imum measurable speed, theoretically speaking, depends on 
the ratio of sampling frequency and encoder resolution.

Even though modern encoder resolution can range from 
one to many thousands, a sensor with dozens or hundreds of 
pulses per revolution is sufficient for condition monitoring 

Fig. 1  Obtaining instantane-
ous angular speed from analog 
encoder signal
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applications for most machinery fault detection and diag-
nosis [11].

The required sampling frequency is given in [13] as,

where fr = ω/2π is the frequency of rotation, fx is the highest 
frequency of the varying part δω, N is the number of the 
teeth of the moving element or the resolution of the encoder. 
Based on the authors’ experience [15], sampling frequency 
could be even lower but the raw signal should be then up-
sampled/interpolated to virtually get approximately the same 
sampling frequency as can be obtained using Eq. (1). Fig-
ure 2 shows raw encoder signal obtained at 20 kS/s which is 
subsequently up-sampled by a factor 50.

Correction of encoder segment non‑uniformity

In a case of toothed gear encoders and zebra striped disks 
generally used for retrofitting older rotational machines, 
the geometric variations of encoder segments cannot be 
neglected and are sufficient to induce significant corrupting 
effects in IAS vibration spectra. Therefore, the application 
of compensation technique is crucial for obtaining frequency 
spectra clear from order content. The whole procedure is 
based on determining the normalized time passage ratio of 
each encoder segment, which is assumed to be a character-
istic of the encoding device,

where Tj = t((j + 1)N) − t(jN), is the time required for one 
revolution, N is the total number of encoder segments and 

(1)Fs = 4 ×

[
Nfr +

(
fx +

N

2�
max|��|

)]
,

(2)
rj(n, j) =

t((j − 1)N + n + 1) − t((j − 1)N + n)

T(j)
,

1 ≤ n ≤ N, 1 ≤ j ≤ M

j is the number of revolution of total M revolutions. Values 
of rj(n) are calculated for each encoder segment throughout 
a single revolution and then averaged over M revolutions:

Figure 3 shows the averaged normalized time passage 
ratios for 30 black and white stripes zebra tape encoder 
used in this paper together with the time passage ratio for 
equally spaced segments, i.e., the reciprocal of the number 
of encoder segments (dashed line).

IAS measurement with geometric non‑uniformity 
correction

Because the concept of IAS measurement is applicable to 
both constant and variable running speed, it proves a more 
flexible diagnostic tool then the time interval measurement 
of torsional vibration, as explained in [15]. The common 
denominator of these two approaches is the time array as 
well as the normalized time passage ratio determination 
needed for encoders with pronounced geometric non-uni-
formity error. Instantaneous angular speed (frequency) could 
then be obtained as follows:

The IAS speed after geometric non-uniformity correction is 
shown in Fig. 4. This paper particularly investigates signal 
processing when the original IAS signal is further subtracted 
by averaged rotor speed, Fig. 5. After subtraction, only the 
pure IAS oscillation remains, as can be inferred from Fig. 6.

(3)r(n) =
1

M

M∑

j=1

rj(n, j), 1 ≤ n ≤ N, 1 ≤ j ≤ M.

(4)
fIAS((j − 1)N + n) =

r(n)

t((j − 1)N + n + 1) − t((j − 1)N + n)
,

1 ≤ n ≤ N, 1 ≤ j ≤ M.

Fig. 2  Raw encoder signal Fig. 3  Zebra tape encoder normalized time passage ratio
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Variational mode decomposition

In the 1990s, Huang introduced the algorithm called 
empirical mode decomposition, which is still popular to 
recursively decompose a signal into a set of mono-compo-
nent IMFs, and then determine its instantaneous frequency 
and amplitude characteristics. However, EMD is known 
for limitations such as sensitivity to noise and sampling. 
Authors of VMD proposed an entirely non-recursive vari-
ational mode decomposition model, where the modes are 
extracted concurrently [20]. The decomposition model 
looks for an ensemble of modes and their respective center 
frequencies, so that the modes conjointly reproduce the 

input signal, while remaining smooth after demodulation 
into baseband.

In contrast to EMD which can be considered as an ad 
hoc method lacking mathematical theory and recursive 
sifting, VMD represents a method that determines the 
relevant bands adaptively and estimates the correspond-
ing modes concurrently, thus properly balancing errors 
between them. VMD is designed so as to decompose an 
input signal into a discrete number of sub-signals (modes), 
Fig. 7, that have specific sparsity property while repro-
ducing the input signal. It is required that each mode k is 
mostly compact around a center oscillation ωk, which is to 
be determined along with decomposition.

It was observed that in the EMD method the actual IMF 
in real signal application is frequently not a desired mono-
component function. To overcome this problem another 
scheme was proposed by Dragomiretskiy and Zosso: (1) 
for each mode, compute the associated analytic signal by 
means of the Hilbert transform in order to obtain a uni-
lateral frequency spectrum. (2) for each mode, shift the 
mode’s frequency spectrum to “baseband”, by mixing with 
an exponential tuned to the respective estimated center 
frequency. (3) The bandwidth is now estimated through 
the H1 Gaussian smoothness of the demodulated signal, 
i.e. the squared L2 norm of the gradient.

The resulting constrained variational problem is solved 
by separate minimizations with respect to {ωk} (all modes) 
and with respect to {uk} (corresponding center frequen-
cies). The complete optimization of the VMD algorithm 
can be summarized as follows:

Fig. 4  Instantaneous angular speed

Fig. 5  Averaged rotor speed

Fig. 6  IAS signal oscillation
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Fig. 7  VMD modes of IAS 
signal, no rubbing case
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Fig. 8  Laboratory test rig

Fig. 9  Rotor orbits for no rub-
bing case, a sub-critical rotor 
operation at 19.8 Hz, b sub-
critical at 23.8 Hz, c sub-critical 
at 25.8 Hz, d super-critical at 
30.9 Hz
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More details on the implementation of the VMD can be 
found in [20]. In [21] VMD is successfully implemented for 
rotor lateral displacement signal at sampling frequency 5 
kS/s. To apply VMD on IAS signal, one should first interpo-
late the triggered encoder segment instants to force constant 
time step. In [22], this time step was set to Δt =5 × 10−4 s, 
while average measured time step between two triggers was 
1.25  10−3 s. This paper presents improved results which can 
be obtained by setting the constant time step of interpolation 
to the value Δt =2 × 10−3 s.

Test rig description

Analysis and verification of the proposed algorithms for 
light rubbing detection at constant speed conditions are 
performed on a laboratory test rig shown in Fig. 8. The test 
rig is specifically designed for analyzing rotor–stator contact 
dynamics and consists of a rotor supported by two roller 
bearings and connected via elastic coupling to an induction 
motor with speed controller. The stator is made of annular 
plate elastically suspended on four circular beams, fixed on 
the stator support.

The measurement system used in the analysis is based on 
the National Instruments PCI card NI 4472. It consists of 
four non-contacting displacement probes made by Schenck 
(two for rotor radial displacement, one for stator radial 

Fig. 10  FFT spectra of IAS 
signal for no rubbing case, a 
sub-critical rotor operation at 
25.8 Hz, b super-critical rotor 
operation at 30.9 Hz
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displacement and one for toothed wheel encoder measure-
ment), and two optical sensors also made by Schenck (one 
for phase measurement and one for zebra stripe encoder) all 
simultaneously sampled. The test rig is equipped with two 
encoding devices; one with toothed wheel with 24 teeth/
segments and the second one consisting of a disc with zebra 
stripes with alternating 30 black and white stripes.

Previous analyses showed that the second encoding 
device is more robust, i.e., less susceptible to noise and other 
problems. Although the acquisition card offered a higher 
sampling rate, the non-contacting optical phase probe as a 
sensing device was selected and a sampling rate was limited 
to 20 kS/s. The proposed procedure works as an off-line 
system because raw analog signal is first acquired with a 
simple LabVIEW application and then processed using a 
prepared Matlab routine.

Measurements and simulations given in [8] show that the 
first bending critical speed of the rotor is at 27.8 Hz and 
the second one at 145 Hz. The first rotor torsional natural 
frequency has a value of 134 Hz. Furthermore, the stator 
first bending natural frequency is at 90 Hz, while the first 
torsional natural frequency is at 103.5 Hz. The radial clear-
ance between the rotor and stator was 0.4 mm. During tests, 
rotor had slight unbalance (5 × 10−5 kg m).

Experimental analysis and results

Eight tests were performed to test light rub detection capa-
bilities of the IAS measurement in combination with VMD, 
Four of them present the case without noticed rotor–stator 
rubbing; while rotor is running at constant speed. Further, 
two of them show the case of established light rotor–stator 

Fig. 11  VMD spectrograms of IAS signal, a sub-critical rotor operation at 19.8 Hz, b sub-critical at 23.8 Hz, c sub-critical at 25.8 Hz, d super-
critical at 30.9 Hz



Journal of Vibration Engineering & Technologies 

1 3

rubbing again at constant rotor speed. Finally, two tests were 
performed while the rotor was changing speed and passing 
from near critical to critical speed, thus reaching the rubbing 
condition. Therefore, this section is divided into three parts: 
the first one refers to rotor operation without rubbing, the 
second one to rotor running at near critical speed with light 
rotor–stator rubbing and the final describes capabilities of 
the proposed rubbing detection procedure during variable 
rotor speed operation.

Analysis at constant rotor speed—no rubbing case

To properly distinguish between these two conditions of 
rotor operation, no rubbing and rotor–stator rubbing, the 
no rubbing case is studied first in detail. Therefore, results 
of four different tests without rotor–stator rubbing are pre-
sented in this subsection. Three of them are showing behav-
ior of sub-critical rotor operation and one super-critical rotor 
operation. Sub-critical rotor operation tests are made at 19.8, 
23.8 and 25.8 Hz of rotor speed. A test at super-critical rotor 
speed was performed at 30.9 Hz speed. The last test was 
done with a 20 s delay, so frequency components connected 
to rotor–stator rubbing could disappear.

Figure 9a–c, present rotor disc orbit for sub-critical rotor 
operation without rub (the red dashed circle presents clear-
ance between rotor and stator). Figure 9d presents rotor disc 
orbit for super-critical operation. From all orbits shown in 
Fig. 9 it can be noticed that rotor radial amplitudes are inside 
the clearance circle so there was no rubbing between rotor 
and stator.

FFT spectra of IAS signal for one sub- and one super-
critical test of no rubbing case are shown in Fig. 10. Finally, 
VMD spectrograms of IAS signal for all four tests of no 
rubbing condition are presented in Fig. 11.

From the FFT spectra of the IAS signal (Fig. 10), pro-
nounced first four harmonics (whole multiples of running 
speed) can be observed, possibly due to slight shaft bow, 
which leads to interpretation similar to misalignment prob-
lem. In Fig. 10a, the first (1×) harmonic should be at 25.8 Hz 
but the component of 27.3 Hz is stronger. This could be 
due to the interaction of the running speed and number of 
zebra tape encoder, which is 30. Other three harmonics (2×, 
3× and 4×) are much more accurate, i.e., their values are 
as expected. Also, there is clear indication of rotor 1st tor-
sional natural frequency at 134.5 Hz. In Fig. 10b, the most 
pronounced frequency components are again 2×, 3× and 4× 
harmonics. 1× harmonic, which is expected to be at 30.9 Hz, 
is not so much visible and is slightly shifted to the lower 
value 30.36 Hz. Again, this can be attributed to the interac-
tion with the number of encoder segments (N = 30). In this 
case, the 1st torsional natural frequency at 134.5 Hz is not 

visible. Also, there is a frequency component at 100.2 Hz. 
This is close to stator 1st torsional natural frequency at 
103.5 Hz which is possibly mixing with stator 1st bend-
ing natural frequency at 90 Hz. Both natural frequencies 
could get excited by the rubbing event during rotor start-up 
and passing through its critical speed 20 s before starting 
measurement.

In corresponding VMD spectrograms (Fig. 11), the first 
4 harmonics can also be observed. Besides, in Fig. 11c, d, 
the first rotor torsional natural frequency is seen at 134 Hz. 
In Fig. 11d, a 1/2× fractional harmonic can be additionally 
seen. This can be explained by the rubbing event during 
rotor start-up and passing through its critical speed some 
20 s before recording the fourth test of no rubbing condi-
tion. Except for the fourth test of no rubbing condition, in 
every other test, fractional harmonic did not occur, which is 
commonly associated with the rotor–stator rubbing event. 
It should be noted that one frequency component appears 
almost all the time, somewhat below the 1/2× harmonic. It 

Fig. 12  Rotor orbits for rubbing case, a near critical rotor–stator rub-
bing at 27.6 Hz, b near critical rotor–stator rubbing at 27.9 Hz
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is a rigid body natural frequency of elastically suspended 
foundation plate of the test rig.

Analysis at constant rotor speed—established 
rubbing case

In this subsection, two tests with noticed rotor–stator rub-
bing are presented. Both tests were carried out at near criti-
cal/critical rotor speed region. The first test was done at 
27.6 Hz while the second one was made at 27.9 Hz, at criti-
cal or slightly above critical speed (27.8 Hz). Because the 
rotor unbalance was intentionally small, only light partial 
rub could have occurred even at critical speed. The differ-
ence between these two tests is in the way speed is achieved. 

The first test was made after the speed was increased slowly 
until rubbing started. Then, there ensued a 20-s delay to 
achieve stationary conditions. The second test was started 
immediately after test running speed was achieved.

Figure 12 presents rotor disc orbits and it can be observed 
from this figure that in both tests, the rotor radial ampli-
tudes are greater than the clearance circle. Hence, it can be 
assumed that rubbing between rotor and stator has occurred.

In this case in the FFT spectrum of IAS signal, Fig. 13, 
besides integer harmonics (1×, 2×, 3× and 4×) fractional 
harmonics have appeared, especially 1/2× (13.28/13.68 Hz), 
3/2× (41.88/42.05 Hz) and 5/2× (69.46/69.91 Hz) with 
its sidebands. In Fig. 13a, the rotor first torsional natural 

Fig. 13  FFT of IAS signal for 
rubbing case, a near critical 
rotor–stator rubbing at 27.6 Hz, 
b near critical rotor–stator rub-
bing at 27.9 Hz
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frequency (133.8 Hz) can be clearly seen. On the other hand, 
in Fig. 13b, it can be hardly noticed at all.

In VMD spectrograms of IAS signal for rubbing case, 
shown in Fig. 14, fractional harmonics 3/2× and 5/2× have 
appeared and can be clearly seen together with integer har-
monics: 1×, 3×, 4×, 5× and 6×. From Fig. 14a it can be seen 
that 5x harmonic (138 Hz) is very close to and interacts with 
rotor 1st torsional natural frequency (134 Hz). Therefore, a 
fractional harmonic 5/2× (at 69 Hz) oscillates significantly. 
In Fig. 14b, 5× harmonic has the value of 139.5 Hz and, in 
regard to the first test, deviates from the 1st torsional natu-
ral frequency. Therefore, 5/2× (at 69.75 Hz) behaves more 
steadily. It can be concluded that the VMD spectra of the 
IAS signal can clearly detect light rubbing at constant rotor 

speed operation through the appearance of fractional har-
monics, especially 3/2× and 5/2×.

Analysis at variable rotor speed operation—no 
rubbing/rubbing case

The last analysis attempted to test the possibility of rubbing 
detection under variable rotor speed conditions. Hence, two 
additional tests were conducted. The first test was made in 
such a way that the speed was gradually increased until near 
critical speed is reached. The second test involved shifting 
rotor speed from critical to subcritical and then re-raising at 
critical speed, i.e., from rubbing to no rubbing and back to 
rubbing condition. Figure 15 presents speed laws for these 
two tests. The stairs-like shape of the speed law can be seen 
because speed was shifted manually using a speed controller 
of the rotor drive. To demonstrate at what point the rubbing 
occurs, Fig. 16 shows the lateral response of the rotor and 

Fig. 14  VMD spectrograms of IAS signal for rubbing case, a near 
critical rotor–stator rubbing at 27.6  Hz, b near critical rotor–stator 
rubbing at 27.9 Hz

Fig. 15  Rotor speeds for variable rotor operation, a slight speed 
change from subcritical to critical, b speed change: critical–sub-crit-
ical–critical
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the stator. Lateral stator response is further enlarged because 
its amplitudes are smaller than the rotor amplitudes. From 
Fig. 16a, it can be observed that rubbing started just before 
7 s of measurement. Figure 16b shows rotor and stator lat-
eral response of the second test. It can be seen that rubbing 
stopped in 7 s and then started again in 15 s of measurement. 
Figure 17 shows FFT spectra for these two tests. In the FFT 
spectrum shown in Fig. 17a, the first harmonic dominates 
over the whole analyzed frequency range. The only indica-
tion of possible rubbing is the 3/2× harmonic which is barely 
noticeable. In Fig. 17b, 3/2× harmonic can be seen more 
clearly but there are not any other fractional harmonics. It 
can be concluded that in this case rubbing detection via FFT 
spectra could be awkward and unreliable. Finally, Fig. 18 
shows VMD spectrograms of IAS signal for variable rotor 
speed around the critical region. Looking at Fig. 18a, only 
3/2× harmonic has appeared at 7th second of test, which is 
earlier recognized as a rubbing starting point. Once again, 
in Fig. 18b, the 3/2× harmonic has disappeared at 7 s and 
appeared again at about 15 s of testing. Taking into account 

the results of lateral rotor and stator response shown in 
Fig. 16, it can be concluded that in the case of variable rotor 
speed operation with sudden speed change, the appearance 
of 3/2× harmonic in VMD spectrograms of the IAS signal 
indicates partial rotor–stator rubbing conditions.

According to Muszynska [23] and Peng [24], if partial 
rotor–stator rub is happening, there must exist a stable frac-
tional vibration with frequencies equal to the exact fraction 
of the rotating speed. Most often this fraction is 1/2× har-
monic and higher fraction harmonics such as 3/2× and 5/2×.

It can be concluded that the VMD spectrogram can detect 
light partial rotor–stator rub condition and draw a clear dis-
tinction between no-rubbing and rubbing condition.

Conclusions

This paper analyses the possibility of fault detection based 
on the instantaneous angular speed (IAS) measurement 
and the variational mode decomposition (VMD). For this 
purpose, eight measurements were analyzed on a specially 
designed test rig. Four of them were presented to describe 
the case without noticed rotor–stator rubbing, while the rotor 
is running at constant speed. Two of them were shown to 

Fig. 16  Lateral rotor and stator response for variable rotor operation, 
a slight speed change from subcritical to critical, b speed change: 
critical–sub-critical–critical

Fig. 17  FFT of IAS signal for variable rotor operation, a slight speed 
change from subcritical to critical, b speed change: critical–sub-crit-
ical–critical
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describe the case of established light rotor–stator rubbing 
again at constant rotor speed. Finally, the last two tests were 
presented to show rubbing detection possibility. while the 
rotor was changing speed, going from near critical to critical 
speed entering the rubbing condition.

In the first case, i.e., that of no rubbing condition, almost 
all tests did not have any fractional harmonic, which is com-
monly associated with the rotor–stator rubbing event. One of 
the four tests conducted, namely the running at super-critical 
speed, had 1/2× harmonic but probably as a remains of rub-
bing some 20 s before measurement was taken.

In the case of constant rotor speed operation in near criti-
cal/critical region, VMD spectra of the IAS signal detected 
light rubbing by appearance of fractional harmonics, espe-
cially 3/2× and 5/2×. In the last case, where rotor speed 
operation around critical speed region was analyzed, the 

proposed method proved to be successful in detecting par-
tial rotor–stator rubbing conditions by appearance of 3/2× 
harmonic.

It can be concluded that the VMD spectrogram of the 
IAS signal can provide a clear detection criterion for light 
partial rotor–stator rubbing by the presence of 1/2×, 3/2× 
and 5/2× fractional harmonics. Depending on the ana-
lyzed condition, different combinations of fractional har-
monics could appear. Nevertheless, the appearance of at 
least one of the mentioned fractional harmonics is a good 
indication of partial rubbing condition.

Future research will be aimed at detecting different 
intensities of rotor–stator rubbing and applying different 
measurement technique of IAS signals.
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