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Abstract -- Objective: in order to better identify the mechanical fault signal. Methods: Hilbert - Huang transform (HHT). Process: 
Hilbert Huang transform the mechanical vibration signal of various conditions measured by the experiment, the primary diagnosis of 
mechanical failure is realized by combine HHT marginal spectrum analysis with theoretical calculation method, then the accurate 
diagnose and  distinguish mechanical fault state based on the EMD energy feature extraction method. Results and analysis: from the 
experimental, the use of Hilbert Huang transform to determine the mechanical fault signal, achieved satisfactory results. The reason is 
that Hilbert Huang transform can effectively extract the weak fault feature information, decompose fluctuations or trends in different 
scales step by step and carry out the time frequency processing. Conclusion: it is effective to judge the mechanical fault signal by using 
Hilbert Huang transform. 
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I. INTRODUCTION 

We usually call these signals periodic stationary random 
signals which include mean signal and signal that its 
autocorrelation function is periodic or almost periodic. 
Because of the rotation of the rotating machinery and the role 
of the outside world, the vibration signal can be regarded as a 
combination of periodic and stochastic processes, its 
performance is periodic stationary [1]. For non-stationary 
signals, people have been seeking the appropriate treatment 
method, at the end of twentieth Century, N. E. Huang and his 
collaborators, proposed the concept of Hilbert Huang 
transform (HHT) for the analysis of non-stationary signals 
on the basis of their predecessors. HHT is a new kind of non-
stationary signal processing method, its essence is to 
simplify the non stationary signal, decompose fluctuations or 
trends in different scales step by step and carry out the time 
frequency processing [2-4]. 

Due to the impact of various factors, these devices will 
inevitably occur failure, a minor failure will reduce work 
efficiency, noise and damage to the environment; a serious 
failure may cause the entire device with loose, component 
failure, causes the entire production project unable to carry 
on, leads the serious economic loss to the enterprise, even 
also can create the catastrophic casualties. Therefore, it is 
important for the national economy to ensure the safety and 
reliability of the machine and to improve the operating 
efficiency by real-time monitoring and diagnosis [5]. 

In the engineering, the operation state of the machine is 
changing, so there are a large number of non-stationary 
dynamic signals. Hilbert Huang transform is better than the 
traditional signal processing method in the processing of 
high frequency and short time signal. Therefore, this paper 
studies the mechanical fault signal analysis and fault 
diagnosis based on Hilbert Huang transform [6]. 

II. HILBERT HUANG TRANSFORM (HHT) 

A. Hilbert transform (HT) 

Hilbert Transform, (HT) is an important tool in signal 
analysis, many of its mathematical foundations were raised 
by German mathematician Hilbert. Given a continuous time 
signal x(t), it's defined by the Hilbert transformation is:  
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In the formula, operator H[] carry out Hilbert transform 
to the content of [], this shows that the Hilbert transform can 
be viewed as an output of a linear time invariant system for 
x(t), the system functions can be expressed as: 
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Where   is a symbolic function, which can be expressed as: 
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Figure 1 shows all pass filter of amplitude frequency 
characteristic. 

 

Figure 1. All pass filtering characteristics of Hilbert transform 
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B. Hilbert Huang transform (HHT) 

Empirical mode decomposition EMD: EMD is a key step 
in HHT, first, to find the maximum and minimum values of 
the signal x (t), through the three spline fitting, the upper 
envelope Ux(t) and the lower envelope Lx(t) of the signal are 
obtained. Calculate the mean value of the upper and lower 
envelopes:  
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The residual signal is performed as the above screening 
to get more IMF, until the final IMF is separated. The final 
residual signal rn (t) may be a constant or a monotonic 
function. f it is a monotone function, then this function 
represents the trend of the signal x (t). At this point, the 
signal x (T) is decomposed into the sum of IMF and residual 
signal rn(t), which can be expressed as: 
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Using Hilbert Huang transform to decompose sign in 
empirical mode, its time domain waveform and 
decomposition of the waveform shown in Figure 2. t can be 
seen from the graph that the decomposition method can 
decompose the original signal into 2 frequency modulation 
signals, which provides an effective method for the analysis 
of non-stationary data [7]. 

 

Fig 2.Using EMD to decompose two superimposed FM signals 

III. MECHANICAL FAULT SIGNAL JUDGMENT 

EXPERIMENT 

A. Experimental apparatus 

The experimental equipment used in this paper mainly 
includes: Bently simulation of rotor test rig (RK4) .With 6 
eddy current sensors, 4 of them are used to measure the shaft 
vibration, one is used to gather the keys to believe, and the 
other is to provide feedback signals to the speed control 
device, with the signal front adapter, the speed control 
adjustment device and the oil film vortex dynamic required 

bearing oil pump system; signal acquisition equipment used 
in the production ZonicBook/618E made by Iotech Company. 

Experimental setup: the test equipment is more complex, 
we need to use the fluid film lubrication bearing, oil pump, 
pre tightening force, special rotary shaft and other auxiliary 
equipment. 

B.  Fault analysis 

Unbalanced fault analysis: Rotor imbalance is due to the 
quality of the rotor part of the rotor part of the failure caused 
by the failure, it is the most common failure of rotating 
machinery. According to statistics, about half of the rotating 
machinery fault was related to rotor imbalance, therefore, the 
study and diagnosis of the fault is the most practical 
significance. There are many reasons for the imbalance of 
the rotor, which can be divided into three cases according to 
the process of imbalance, they were the original imbalance, 
gradually hair imbalance and sudden imbalance. The 
mechanism can be divided into four categories: static 
unbalance, couple unbalance, quasi unbalance, dynamic 
unbalance. Fault feature analysis: although the IMF 
component of EMD is more, but the amplitude of the 
component can be seen that the energy is mainly 
concentrated in the same order IMF as the fundamental 
frequency; From the Hilbert diagram, the range of amplitude 
modulation is very small, the distribution of instantaneous 
frequency is symmetrical, the energy is highly concentrated 
in the fundamental frequency; From the marginal spectrum, 
the marginal spectrum and the spectrum are approximately 
the same, and only the amplitude of the fundamental 
frequency signal is relatively small. 

Fault analysis of shaft misalignment: The gear coupling 
is composed of two parts with a half coupling having an 
outer ring and a middle gear with an inner ring. 2.5 coupling 
is connected with the active shaft and the passive shaft. This 
kind of coupling has a certain ability to adjust, so it is often 
used in large rotating equipment. When the axis of the 
system is superior to the superior, the contact of the tooth 
surface of the gear coupling is changed, in order to make the 
intermediate gear set relatively inclined, in the transmission 
of motion and torque, will generate additional radial force 
and axial force, causing the corresponding vibration, which 
is the cause of the failure of the fault. 

Shaft misalignment fault feature: There are two times 
peak of the waveform on the fundamental frequency sine 
wave. Purify the axis track into a shape of banana or 8; 
Spectral features, the main performance of the radial two 
harmonic components, there is a point of view, the axial 
vibration of the power frequency. 

Analysis of rotor dynamic rub impact fault: In the high-
speed, high-pressure centrifugal compressor or steam turbine 
and other rotating machinery, in order to improve the 
efficiency of the unit tend, often design the small seal and 
gap between the blade tip clearance to reduce gas leakage. 
However, in addition to a small gap can cause fluid power 
excitation, but also the friction between the rotor and 
stationary parts. For example, shaft flex, rotor imbalance, 
rotor and stator thermal expansion is inconsistent, gas force, 
sealing force and rotor bad middle, all of these will cause 
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vibration. The light caused by friction damage to seals, even 
cause friction collision between the rotor and the partition, 
which will lead to a serious accident. 

Under normal circumstances, the initial friction will 
produce a lot of vibration, the machine can’t find the cause 
of the vibration of the machine without stopping. Therefore, 
it is necessary to understand the characteristics of dry friction 
induced vibration, so as to make a diagnosis of this kind of 
fault in time, to prevent the occurrence of more accidents. 

The failure mechanism of local dynamic and static parts: 
when the rotor in the eddy and the static parts of the contact 
moment, the stiffness of the rotor; after being divorced from 
the contact, the stiffness of the rotor is reduced, the dynamic 
stiffness of the member is constantly changing, and the 
friction force generated by the friction force, so that the rotor 
produces a vortex. The lateral free vibration of the rotor is 
superimposed on the rotating motion of forced and the 
motion of the friction vortex, some special and complex 
vibration response frequency is generated. The rubbing force 
is unstable contact positive pressure, time and space position 
is changing all the time, therefore the friction with the 
obvious non-linear characteristic. 

Fault feature of rub impact on dynamic and static parts: 
conventional dynamic and static rub impact fault 
discrimination, generally through the waveform 
characteristics and spectral characteristics. There are forced 
vibration, free vibration, vortex motion, non-linear vibration 
and so on. The waveform is irregular, and the shape of the 
wave is irregular. In the time domain, the high frequency 
oscillation occurs when the wave is in the equilibrium 
position; In addition to the fundamental frequency of the 
rotor, the spectrum is very rich in harmonic components and 
fractional harmonic vibration, in the frequency spectrum of 
the 1 /n harmonic components n = 2\3\4, n = 2 when the 
weight is heavy, while the light friction n =2\3\4; There will 
be more and more high frequency and high frequency and 
large eccentricity. 

When the normal operation of the rotor, the waveform of 
the figure is almost no representative of the high frequency 
components of burr, spectrum, only fundamental frequency 
components; ; the details of the IMF decomposition are 
relatively simple, , the first order IMF is the high frequency 
component, but it can be clearly seen that it belongs to the 
category of random noise and the amplitude is very small, it 
is not caused by rubbing, the first order IMF is the 
fundamental frequency component, which is a very large 
approximate sine wave, the other IMF components can be 
considered as false frequency, the magnitude of the 
amplitude of the details, can be seen that the energy height is 
concentrated in the fundamental frequency; Hilbert spectrum 
provides information on the entire time frequency plane, can 
be seen in the normal operation of the rotor, the 
instantaneous frequency of the distribution and the 
fundamental frequency of fluctuations is small. 

C. Case analysis 

In order to verify the validity of Hilbert Huang 
Transform in the identification of mechanical fault signal, 
here is an example of a nonlinear classification of two types 

of data, using polynomial kernel function and radial basis 
kernel function design classifier respectively. Data samples 
are shown in the table 1 below, among them, 1 to 8 samples 
were training tested, and 9 was the texting sample. 

TABLE I. DATA OF THE TRAINING SAMPLE AND TEST SAMPLE 

Serial number X Y 
1 1 1 -1 
2 2 2 1 
3 1 3 1 
4 2 1 -1 
5 2 2.5 1 
6 3 2.5 -1 
7 3 3 -1 
8 1.5 1.5 1 
9 1 2 1 

 
Firstly, the normal state and common failure state 

vibration signal of the experiment is carried out by Hilbert-
Huang transform, and we can get a marginal spectrum of 
signal to confirm gear box fault location preliminarily. Then, 
use the energy feature extraction method to extract the IMF 
component of the signal after EMD decomposition. Finally, 
the extracted feature values are input to the support vector 
machine classifier, in order to realize the fault diagnosis and 
status of the gearbox. This paper presents a method for 
mechanical fault diagnosis based on HHT feature extraction 
and SVM pattern recognition. 

Through comparative analysis results, the correctness, 
effectiveness and superiority of the new time-frequency 
analysis method for Huang Hilbert transform is proved. 

D. Mechanical fault signal analysis based on HHT 

How to deal with the fault vibration signal of outer and 
inner ring. Hilbert marginal spectrum, as shown in figure 3, 
fault characteristic frequency can be seen from it. The results 
show that the effect of noise is obviously reduced, and the 
energy of the frequency components of the fault is higher, 
verified the validity of this method.  

 
  

Figure 3. Fault signal spectrum 
 
The method is based on the observation of the marginal 

spectrum of the fault signal Hilbert, can get different 
characteristic frequency, so as to diagnose the mechanical 
faults of different fault types. This method can effectively 
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identify the mechanical part of the fault, and it has some 
innovation, which provides a certain basis for the fault 
diagnosis of rolling bearing. 

IV. CONCLUSION 

Hilbert Huang transform is a new time-frequency analysis 
method, it has good adaptive, multi - scale and multi - 
resolution characteristics in the process of dealing with 
nonlinear and non-stationary signals. In this paper, in the 
ideal case (at least for a large class of signal), a reasonable 
explanation and solve many of the key issues in the Hilbert 
Huang transform theory. In signal analysis, the time, the 
frequency and the vibration signal of the frequency scale is 
an important analysis parameter of the signal. The weak fault 
feature information can be extracted effectively by Hilbert-
Huang transform based on the time and frequency scales.  

Mechanical equipment fault diagnosis includes three 
processes, they are the acquisition of fault information, fault 
feature extraction and state identification, among them, the 
fault feature extraction and identification is the key. 
According to these, this paper presents a method based on 
Hilbert Huang transform to support mechanical fault 
diagnosis. 

Through the experiment, Hilbert Huang transform of 
mechanical vibration signals in various conditions, and the 
initial diagnosis of mechanical failure was realized by using 
the HHT marginal spectrum analysis combined with 
theoretical calculation; 

Then the method of combining EMD energy feature 
extraction and support vector machine is used to realize the 
accurate diagnosis and recognition of the mechanical fault 
state, we can see that the results of the experiment were 
satisfactory. The research object of this paper is the 
experimental platform of mechanical fault in a university, we 
simulate many mechanical failures in the experiment to 
verify the validity of the Hilbert Huang transform method 
used in mechanical fault diagnosis. Concrete steps are: first, 
HHT marginal spectrum is used to make a preliminary 
diagnosis of mechanical fault, then the mechanical fault state 

is identified by the combined method of EMD feature 
extraction and SVM. 

It should be pointed out that there are many important 
works to do about Hilbert Huang transform theory, one of 
the most important work is: through time domain description 
or frequency domain description, the design is more 
reasonable when the narrow band filter to achieve EMD. 
Although the purpose of this paper is to achieve the expected 
purpose, but in the breadth and depth of research can also do 
a lot of work. Today, although Hilbert Huang transform is 
still a lot of problems, there are many needs to improve and 
perfect place for its future development, the majority of 
scholars should have a firm confidence, but also need to 
invest more time and energy. 
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