
Rotor-stator partial rub detection based on Teager-
Huang transform 

Sanjin Braut1, Roberto Žigulić1, Goranka Štimac Rončević1, Ante Skoblar1  
Mihajlo Mirković2, Neven Bulić1 

1 University of Rijeka, Faculty of Engineering, Vukovarska 58, HR-51000 Rijeka, Croatia 
2 Plomin Thermal Power Plant, Plomin Luka 51, HR-52234 Plomin Luka, Croatia 
sbraut@riteh.hr; zigulic@riteh.hr; gstimac@riteh.hr; 

askoblar@riteh.hr, mihajlo.mirkovic@hep.hr, neven.bulic@riteh.hr 

Abstract. The rubbing between rotor and stator often occurs in rotating machin-
ery at position with small clearances and can cause unexpected machine down-
time. So it is important to develop reliable tools for rub detection.  
As the rubbing process is nonlinear this paper beside conventional Fourier trans-
form and Hilbert Huang Transform (HHT) also considers potential of Teager-
Huang transform (THT). This approach is based on, empirical mode decomposi-
tion (EMD) and Teager Kaiser energy operator (TKEO) technique. First, the orig-
inal vibration signal is decomposed into Intrinsic Mode Function (IMF) compo-
nents by using Empirical Mode Decomposition (EMD), and then Teager energy 
operator is applied to estimate the instantaneous amplitude and instantaneous fre-
quency of each IMF component, so the time-frequency distribution of the ana-
lyzed signal is obtained.  
Diagnostic tool is tested on laboratory test rig at two different rotor operating 
conditions i.e. without rotor–stator rubbing and with partial rotor–stator rub. 
Measurements of rotor lateral displacements were performed with non-contact 
eddy current displacement sensors. 

Keywords: Rotor-stator partial rub, Fault detection, Teager-Huang transform, 
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1 Introduction 

Contact between rotor and stator, very often called rubbing, during the operation of the 
rotating machine represents a defect that could lead to serious failure as well as down-
time losses. The requirement of higher machine efficiency has led to reduced clearances 
between rotor and stator and thus increased the possibility of rubbing occurrences. De-
pending on rotor and stator structure configuration rotor-stator contact phenomena can 
be classified as a rigid rotor -rigid stator contact [1, 2, 3, 4], bladed disc-stator contacts 
[5] and rotor-stator contact in retainer bearings of the active magnetic bearings [6,7].  

From an experimental analysis point of view, rotor vibration are usually measured 
by accelerometers at bearing pedestals and/or with non-contacting probes relatively 
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from bearing pedestals to shaft in two radial directions (horizontal, vertical) and if 
needed in axial direction too [8, 9, 10].  

The vibration generated by rotor–stator contact always contains nonlinear and non-
stationary signals. Recently, a number of new methods have been proposed to analyze 
such signals. One of the promising methods is the Hilbert–Huang Transform (HHT) 
[11, 12, 13]. This method basically consists of two steps: Empirical mode decomposi-
tion (EMD) and Hilbert Transform (HT) [14]. EMD start first and it is in charge for the 
sifting process. It decomposes the signal into a set of Intrinsic Mode Functions (IMF’s), 
not assuming linearity, stationarity, or any a priori bases for decomposition. HT is em-
ployed then to form instantaneous amplitude (IA) and instantaneous frequency (IF) 
from the corresponding IMFs. HHT spectrum can be finally obtained as a composition 
of all instantaneous frequencies and amplitudes as a function of time. Nowadays, HHT 
method and its variant has become very popular in various areas including vibrations 
of rotating machinery [15 – 18].  

An alternative approach developed by Maragos et al. [19] uses an energy-tracking 
operator, Teager Kaiser energy operator (TKEO), to first estimate the energy required 
for generating an IMF’s and then separate it into its IA and IF components. Such 
method, known as the Teager-Huang Transform (THT) method, is therefore based on 
the EMD algorithm of HHT method and the TKEO operator. 

There are numerous applications of THT method [20, 21, 22]. A THT method for 
analysis of nonstationary signals is introduced in paper [20], while gear fault detection 
based on THT is presented and successfully applied in [21]. A novel approach to fault 
diagnosis of roller bearing under run-up condition based on order tracking and THT is 
presented in [22]. 

In this paper, THT method, was developed and successfully tested on laboratory test 
rig for the case of rotor to stator partial rub condition. 

2 Hilbert-Huang transform 

The HHT is an empirically based adaptive data analysis method proposed by Huang et 
al. [11] and has been utilized for nonlinear and non-stationary data analysis in various 
applications. Although, today, EMD is considered only as a first step of HHT method, 
EMD was original name for the whole procedure. The essence of the method is to em-
pirically identify the intrinsic oscillatory modes by their characteristic time scales in the 
signal, and then decompose the signal. The method utilizes an iterative sifting process 
which successively subtracts the local mean from a signal. The sifting process consists 
of following steps: (i) determine the local extrema (maxima, minima) of the signal x(t), 
(ii) connect the maxima with the interpolation function in order to create the upper 
envelope of the signal, (iii) connect the minima with the interpolation function and cre-
ate the lower envelope of the signal, (iv) calculate the local mean m1 of the upper and 
lower envelope, (v) subtract the m1 from the signal, 1 1( ) ( )h t x t m= −  and examine if all 
the local maxima are positive and all the local minima are negative and investigate if 
the number of extremes and zero crossings are the same or differ at most by one. This 
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process has to be repeated until the signal meets the presented conditions and becomes 
IMF. Then (after k iterations) the signal can be designated as  . 

The first IMF is subtracted from the original signal what gives 1 1( )r x t c= − , where 
the first residual r1 is treated as a new data set/signal on which the sifting process is 
repeated in order to obtain c2. The entire process is repeated again until the original 
signal is decomposed in terms of IMFs, i.e. until the last mode is found. In that case 
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where ci(t) is the i-th IMF of the signal x(t) and rn is the final residue. Huang et al. 
proposed [11] a standard deviation measure for an iteration stopping criterion: 
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which is usually set as 0,2 0,3SD≤ ≤ .  
After obtaining the corresponding IMFs by using the EMD method described above, 

the straightforward Hilbert transform method is applied to each IMF component in or-
der to obtain the IF and IA. At the end, the original signal can be presented in the fol-
lowing form: 
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where Re corresponds to the real part of the complex quantity, ( )ia t  is the instantane-
ous amplitude and ( )i tω  is the instantaneous frequency. 

3 Teager-Huang Transform 

3.1 Teager Kaiser Energy Operator (TKEO) 

TKEO is a powerful nonlinear operator and has been successful used in many engineer-
ing application. TKEO can track the modulation energy and identify the instantaneous 
frequency (IF) and the instantaneous amplitude (IA) of an amplitude modulation-fre-
quency modulation (AM-FM) signal [18]. The TKEO, ψ(·) is defined for continuous-
time signal x(t) as follows: 

  = − , (4) 

where  and  are the first and the second time derivatives of x(t), respectively. 
For discrete signals, the time derivatives may be approximated by time differences. In 
discrete-time domain, TKEO is given as follows: 

1 1kc h=
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  = − + 1 ∙ − 1 . (5) 

The instantaneous frequency f (n) and instantaneous amplitude |a(n)| at any time in-
stant of the AM-FM signal x(n) can, respectively, be given as follows [18]: 

 = − − 1 , (6) 

  = arccos 1 −  


 (7) 

 | | = 
 



 (8) 

In general, the demodulation method given by (5), (6), (7) and (8) is called as discrete 
energy separation algorithm-1 (DESA-1). In this paper, we calculate the instantaneous 
frequency f (n) and instantaneous amplitude |a(n)| by DESA-1. The DESA-1 algorithm 
only requires five samples of moving window for the energy computation at each time 
instant. Therefore, the DESA-1 algorithm has an excellent time resolution and almost 
instantanoeus. Some problems could arise with signals with small signal to noise ratio 
(SNR). For such situations additional conditions should be implemented in program 
code to avoid cases with very small  , what could cause problems with compu-
tation of equation (7). Some ideas are given in [18].  

3.2 The Teager-Huang Transform 

In order to estimate the instantaneous frequency f (n) and instantaneous amplitude 
|a(n)| of x(t), the EMD is combined with the TKEO. TKEO can only be used to track 
the IF and IA of a monocomponent AM-FM signal. If x(t) is a multicomponent AM-
FM signal, then bandpass filtering is needed to isolate each component before applying 
the discrete energy separation algorithm (DESA). Therefore, the EMD is used as a 
multiband filtering to separate the signal components in the time domain and hence 
reduce multicomponent demodulation to multicomponent one. The association of the 
EMD and the TKEO methods is called as Teager-Huang transform (THT) [19].  

According to (7) and (8) the original data can be expressed in the following form: 

 = ∑ | | exp 2  (9) 

Equation (9) give the opportunity to represent the amplitude and the instantaneous 
frequency in a three-dimensional plot, in which the amplitude is the height in the time-
frequency plane. This time-frequency distribution is designated as the Teager-Huang 
spectrum T(f, t): 

 , = ∑ | | exp 2  (10) 

The final presentation of the IF and the IA result in an energy time–frequency rep-
resentation. The flow chart of Teager-Huang transform technique is illustrated in Figure 
1. The original vibration signal can be decomposed into a series of monocomponent 
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AM-FM signal named as IMFs. Then the IF and IA of the separated IMFs are calculated 
using the DESA-1 algorithm. 

 
Fig. 1. The flow chart of Teager-Huang Transform. 

4 Laboratory test rig 

Experimental verification of the proposed algorithms for partial rubbing detection is 
performed on a laboratory test rig shown in Fig. 2. The test rig, originally built for rotor 
– stator contact dynamics investigation, consists of a rotor supported by two self-align-
ing roller bearings and connected via elastic coupling to induction motor with speed 
controller.  

Shaft has total length of 1 m and diameter of 17 mm. Three discs are mounted very 
closely to each other at the shaft midspan. The biggest disc has diameter of 120 mm 
and is designed to establish contact with the stator ring while the other two smaller discs 
of diameter 80 mm are designed for measurements of lateral displacements with non-
contacting probes and for phase. The total rotor mass is approximately 5 kg. 

The stator is made of annular plate elastically suspended on four circular beams. The 
radial clearance between rotor and stator is 0.4 mm. According to modal testing first 
two bending normal modes have frequencies at 27.8 and 145 Hz while first torsional 
mode has frequency 134 Hz. Stator first lateral (bending concerning the support beams) 
is 90 Hz. 
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Fig. 2. Laboratory test rig 

The measurement system applied for this purpose is based on National Instruments 
PCI card NI 4472 with 3 non-contacting displacement probes IN 085 made by Schenck 
(2 for rotor radial displacement, one for stator radial displacement in horizontal direc-
tion and 1 optical sensor P-84 also made by Schenck for phase measurement.  

Measurements were performed at 5 kHz sampling frequency. 

5 Results and discussion 

In order to test partial rub detection capabilities of THT spectrograms, several tests 
are performed. In the first part, two of them will be presented to show difference be-
tween no rubbing and rubbing condition. Traditional tools like FFT spectra and rotor 
orbits are given as a verification of different condition. In the second part, analysis is 
focused on THT spectrograms of rotor lateral vibrations for different rotor speeds with-
out rotor-stator contact.  

5.1 Detailed analysis of partial rubbing detection 

The basic idea was to compare two similar measurements, first of them without ro-
tor–stator contact (at the speed 25,8 Hz i.e. 1548 rpm) and the other one with noticed 
partial rotor–stator rub (at the speed 27,6 Hz which is almost at critical speed). During 
tests rotor had slight unbalance (5e-5 kg m) but also shaft bow equal to 0,11 mm. Meas-
urements are analyzed by using EMD and THT spectrograms.  
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Fig. 3, presents IMFs from EMD, from signal obtained by non-contacting displace-
ment probe in x (horizontal) radial direction for a case with no rotor to stator rubbing. 
Fig. 4 shows corresponding spectrograms for no rubbing case obtained by, a) EMD, b) 
THT. In EMD spectrogram, beside expected oscillating instantaneous frequency at 
about value of rotating speed (25,8 Hz) there are some frequency component oscillating 
in time from 0,1x up to 0,5x harmonic. THT spectrogram on Fig 4b shows similar be-
havior as EMD spectrogram i.e. don’t have stable fractional sidebands.  

  
Fig. 3. IMFs from EMD, x (horizontal) radial axis – no rubbing 

a)               b) 

Fig. 4. Spectrogram – no rubbing, a) EMD, b) THT 
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a)             b) 

Fig. 5. Rotor orbits, a) No rubbing, b) Partial rubbing 

According to [22] and [23] if partial rotor–stator rub is happening there must exist 
stable subharmonic vibration with frequencies equal to exact fraction of the rotating 
speed (most often this fraction is ½) harmonic. Accordingly it can be concluded that 
there was no partial rubbing in the first measurement. The orbit shown in Fig. 5 a) 
confirms that claim. On contrary orbit in Fig. 5 b) suggest that some rubbing should 
happen. Also FFT of first measurement (Fig. 6 a) show no noticeable 0,5x harmonic 
while FFT of the second measurement (Fig. 6 b) clearly shows noticeable 1/2x and 3/2x 
harmonic. During second measurement metal punching sound was heard what addi-
tionally verifies partial rubbing. On EMD spectrogram shown in Fig. 7a now can be 
seen more stable 1/2 fraction order vibration. On THT spectrograms shown in Fig. 7b 
one frequency component greatly oscillates around 1/2 fraction order vibration what 
indicate partial rubbing. 

 

a)              b)  

Fig. 6. FFT spectrums, x-axis, a) no rubbing, b) Partial rubbing 
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1/2x

 a)            b) 

Fig. 7. Spectrogram – rubbing condition x horizontal axis, a) EMD, b) THT 

5.2 Partial rubbing detection with THT spectrograms  

In order to assess more closely partial rotor-stator rubbing detection capabilities ad-
ditional tests are presented below. Therefore Figs. 8, 9 and 10 show additional THT 
spectrograms for no rubbing condition at sub-critical, near critical and super-critical 
rotor speeds. Because analysis in the first part was focused on horizontal lateral axis, in 
this part presented measurement are mainly focused on vertical lateral axis. From these 
Figures can be seen the most intensive amplitude of 1x harmonic of rotor speed but its 
frequency greatly oscillate. Indication of 1/2x or nearly 1/2x harmonic can be found in  

 
Fig. 8. THT spectrogram for no rubbing condition (y axis) at sub-critical rotor speed, n = 24 Hz 

1/2x 
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Fig. 9. THT spectrogram for no rubbing (y axis) at near-critical rotor speed, n = 25,8 Hz 

 
Fig. 10. . THT spectrogram for no rubbing (y axis) at super-critical rotor speed, n = 30,8 Hz 

Figs. 8 and 9 but its frequency isn’t so stable and is not present in the whole analyzed 
time span for no rubbing condition. On contrary in Figs. 11 and 12, which present tests 
for rubbing condition, 1x harmonic is more dispersed and not so noticeable while 1/2x 
harmonic is more stable and present in the whole analyzed time span, especially in the 
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vertical lateral axis (Fig. 12). It can be concluded that THT spectrogram can detect 
partial rotor–stator rub condition and present solid basis for further improvement. 

 
Fig. 11.  THT spectrogram for partial rubbing condition measured in horizontal lateral axis at 

near-critical rotor speed, n = 27,6 Hz 

 
Fig. 12.  THT spectrogram for partial rubbing condition measured in vertical lateral axis at 

near-critical rotor speed, n = 27,6 Hz 
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6 Conclusion 

This paper presents a method for fault diagnosis of partial rubbing based on a newly 
developed signal processing technique called Teager-Huang transform (THT). This 
method consists of two steps: an empirical mode decomposition (EMD) and Teager 
Kaiser Energy Operator (TKEO). For this purpose several measurements are performed 
on the specially designed laboratory test rig. First group of measurements present sub-  
of super-critical rotor operation without rotor–stator rubbing. Corresponding EMD 
spectrogram clearly have 1x harmonic of the rotor speed. THT spectrogram don’t have 
such a clear indication of the 1x harmonic because of its sensitivity to noise. Both spec-
trograms on the same time didn’t have stable subharmonic 1/2x vibration. In the second 
group of measurements during near-critical rotor operation with established partial ro-
tor–stator rubbing, THT as well as EMD spectrograms can indicate more stable 1/2x 
fraction order vibration, which is present in the whole analyzed time span.  

It can be concluded that THT spectrogram can detect partial rotor–stator rub condi-
tion and have comparable results as EMD spectrogram. Presented results represent the 
beginning of research of THT capabilities. Special effort is currently devoted to finding 
the better solution for reducing the susceptibility to noise and clear indication of 1x 
harmonic. 
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