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Abstract: Roller bearings are important elements of high performance mechanical systems, as they support the 
rotating parts and they reduce the contact friction. Therefore, it is necessary to continuously monitor their 
performance using non-destructive diagnostic methods.  These methods interrogate data signals acquired during the 
machines operation. In this paper, the method of Hilbert – Huang transform was applied on non-stationary and 
non-linear vibration signals obtained via accelerometers from a mechanical system which contains a shaft rotating 
on Roller bearings. Two series of signals were used. The first series obtained from healthy bearings. The second 
series, obtained from bearings with seeded defects. The experimental study and its results are presented, as well as 
the conclusions drawn from the results. 
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Analiza valjčastih ležajeva preko vibracionih signala Hilbert–Huang transformacijom kao dijagnostičkim 
alatom. Valjčasti ležajevi su značajni elementi mehaničkih sistema visokih performansi, kao što su podrška 
rotirajućim delovima i oni smanjuju trenje u kontaktu. Stoga je neophodno da se kontinuirano prate performanse 
koristeći ne-destruktivne dijagnostičke metode. Pomoću ovih metoda su ispitivani podaci dobijenih signala tokom 
rada mašine. U ovom radu, metod Hilbert-Huang transformacija je primenjena na nestacionarne i nelinearne 
vibracione signale dobijene preko akcelerometara od mehaničkog sistema koji sadrži rotirajuće vratilo na 
valjkastim ležajevima.Korišćene su dve serije signala.Prva serija dobijena je od zdravih ležajeva. Druga serija, 
dobijena je od ležajeva sa defekatnim nošenjem. Eksperimentalna istraživanja i njeni rezultati su prezentovani, kao i 
zaključci iz rezultata. 
Ključne reči: Valjčasti ležajevi, Hilbert Huang transformacija, vibracioni signal 
 
1. INTRODUCTION 
 
 Non-destructive testing computational techniques 
are widely used nowadays, since they are accurate, cost 
and time efficient and usually easy to apply. Roller 
bearings are important elements of high performance 
mechanical systems, as they support the rotating parts 
and they reduce the contact friction. Therefore, it is 
necessary to continuously monitoring their 
performance using non-destructive diagnostic methods. 
It is obvious, that the method employed for time-
frequency analysis must be computationally efficient 
and accurate in both time and frequency domains. The 
Wavelet transform, a method widely used for time-
frequency analysis, is not suitable for the detection of 
failures of Roller bearings, since the computational 
time required for long data series is large, together with 
the inherent restrictions of the method in non-periodic, 
non-stationary signals [1-2]. Therefore, a modern 
method, the Hilbert-Huang transform, was introduced 
in this kind of problems with very promising 
performance, providing computational versatility and 
efficiency [18-19]. Consequently, it seems that the 
HHT can prove a perfect tool for Roller bearing failure 
detection.  
 The present paper, presents the application of the 
HHT as a diagnostic tool method in the analysis of 
Roller bearings’ vibration signals from sound and 
defective samples [3-5]. The results prove the 

suitability of HHT for the detection of the changes 
occurring in dynamic systems such the evolution of 
structural defects in a Roller bearing [15-16]. 
 By implementing the EMD method and the Hilbert 
transform to the envelope of the signal, the Hilbert 
spectrum can be obtained. Thus, the defects on a Roller 
bearing can be identified and failure patterns can be 
detected [9-11]. Using the proposed method in real 
time test bench analysis of vibration signals, together 
with a library of standards of sound and defect Roller 
bearings, can prove a versatile, economic and efficient  
non-destructive technique. The results to be presented 
show the superiority of the proposed method over the 
traditional methods. 
 
2. HILBERT HUANG TRANSFORM 
 
 During the operation of a Roller bearing with local 
failures, a high-frequency impulse oscillation is 
produced the range of which is evaluated by the 
strength of the sampled pulses. The method of the 
envelope analysis provides an important and effective 
approach to failure analysis of high frequency impulse 
signals. Therefore, it has been successfully applied to 
fault diagnosis regarding Roller bearings [6-8]. In order 
to achieve better implementation of the Hilbert 
Transform, a combination of the envelope analysis 
method with the Empirical Mode Decomposition 
(EMD) into Intrinsic Mode Functions (IMF) and 



64 

Hilbert spectrum was created. The EMD method is 
based on local characteristic time scales of a signal and 
could decompose the complicated signal function in a 
number of intrinsic mode functions (IMF) [7]. The 
frequency components of each IMF depend both on 
sampling frequency and on the signal itself. Moreover, 
the corresponding Hilbert spectrum does not lead to 
dissipation and leakage of energy. Therefore, the EMD 
is a self-adaptive signal processing method that can be 
seamlessly applied to non-linear and non-stationary 
processes [12]. 
 To extract the failure characteristics of the vibration 
signal of defect Roller bearings, the proposed method 
uses the following procedure: i) the failure vibration 
signal of a bearing is decomposed through wavelet 
packet transform in order to reduce the influence of low 
frequency noise; ii) a signal envelope is obtained by 
analyzing the wavelet coefficients of the high 
frequency band using the Hilbert Transform; iii) the 
IMFs are obtained applying the EMD in the signal 
envelope; iv) some special IMF are chosen to obtain 
the Hilbert spectrum from which the faults in a Roller 
bearing are diagnosed and failure patterns are 
identified. The results from the analysis of vibration 
signals obtained from a Roller bearing with a defect on 
the inner or outer raceway show that the proposed 
method is an excellent tool to define the failure 
characteristics of Roller bearings. 
 
2.1 Empirical Mode Decomposition 
 The EMD method is developed from the simple 
assumption that any signal consists of different simple 
intrinsic oscillation conditions [7]. Each linear or 
nonlinear condition will have the same number of 
extremes and zeros. There is only one extreme between 
two successive zeros. Each situation should be 
independent of the others. In this way, each signal 
could be decomposed to a number of IMFs and each of 
them must satisfy the following requirements: 
(1) In the entire data set, the number of extremes and 

zeros must be equal or differ at most by one 
(2) At each point, the mean value of the envelope 

defined by local maxima and the mean value of the 
envelope defined by local minima is zero. 

(3) If the signal does not have extremes but it has 
points of inflection, then it can be integrated one or 
more times in order to show the extremes. 

So, one can achieve the decomposition of the signal 
into n empirical statements and a residue rn, which is 
the average trend of x(t). The IMFs c1, c2, ..., cn contain 
different frequency bands ranging from high to low. 
The frequency components contained in each frequency 
band are different and change with the variation of the 
signal x(t); while rn represents the central tendency of 
signal x(t). 
 
2.2 Hilbert Spectral Analysis 
The HHT represents the analysed signal on a time – 
frequency plane by combining Empirical Mode 
Decomposition (EMD) with Hilbert transform [11-17]. 
In contrast, the Fourier spectral analysis in which a 
series of sine and cosine functions of constant 
amplitude are used to represent each elementary 

frequency component of the signal, the technique of 
HHT is based on calculating the instantaneous 
frequency derived from the Hilbert transform of the 
signal. In general, the Hilbert Huang transform 
HHT[x(t)] for each signal x (t) is defined as 
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where, HHTi(t,ω) represents the time - frequency 
distribution obtained from the i-th IMF signal. The 
symbol ≡ denotes the "default", and αi(t,ωi) compares 
the values of range αi(t) and the values of the 
instantaneous frequency ωi(t) along the signal 
simultaneously. 
 
3. EXPERIMENTAL SETUP 
 

The test-rig shown in figures 1a and 1b consisted 
of a shaft rotating on two Roller bearings (NU 202) 
driven by an electric motor controlled by an inverter for 
rotational speeds adjustment. An accelerometer, 
mounted close to the bearings, was measuring the 
developed accelerations. The data acquisition and the 
subsequent signal processing were performed using 
software developed on Matlab. 
 

 

Fig. 1a.  Experimental setup  

 

Fig. 1b. Diagram of the experimental setup 

 
4. RESULTS 
 
 Each measurement made for each of the 17 Roller 
bearings, lasted 180 sec. The sampling frequency was 
chosen very high, 65536 Hz, so that very high 
frequencies corresponding to transient phenomena, as 
those investigated, could be identified; this sampling 
rate gave a data set of 11796480 samples for each 
measurement.  
 Due to the large amount of samples obtained in 
each case and in order to achieve continuity, each 
initial data series was split into 120, 50% overlapping 
parts, each of 200000 samples, where the HHT was 
implemented.  
 Figures 2a and 2b illustrate the time series of 
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measurements obtained from a sound and a defective 
Roller bearing respectively.  

 
Fig. 2a. Time series of the healthy bearing  
 

 
 

Fig. 2b. Time series of the defective bearing 
 

The time series analysis by means of the HHT 
revealed strong differences between sound and 
defective Roller bearings, both in the IMFs (figs 3a, 4a 
and figs 3b, 4b, respectively) and in the corresponding 
Hilbert spectra (figs 5a and 5b) [14]. In fact, a 
comparative study between the relevant IMFs 1 to 5 of 
the sound and defective bearings (these IMFs 
correspond to the higher frequencies) reveals very 
strong differences; these differences tend to fade as the 
order of the IMF is getting higher i.e. as the frequency 
is decreasing, something to expected, since defective 
Roller bearings tend to produce higher frequency 
signals compared to sound ones.  

 

 

Fig. 3a. ΙΜF 1-4 of sound bearing 

 

Fig. 3b. ΙΜF 1-4 of the defective bearing 

 

Fig. 4a. ΙΜF 5-8 of the sound bearing 

 
 
Fig. 4b. ΙΜF 5-8 of the defective bearing 

 
Fig. 5a. Spectrum Hilbert of the soundbearing 
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Fig. 5b. Spectrum Hilbert of the defective bearing 
 
5. CONCLUSION 
  
 As a time-frequency signal decomposition 
technique, the HHT provides an effective tool for the 
analysis of transient vibration signals. Experimental 
studies on a custom test bench have shown that the 
deterioration of a test Roller bearing can be effectively 
detected through time-dependent amplitudes and 
instantaneous frequencies resulting from the HHT.  
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