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4. RUNNING DEVIATION DETECTION MODEL 
 
4.1 Detection model 

When dynamic imbalance or other faults occur in the cardan shaft, the energy of 
the gearbox vibration signal would change strongly in some frequency bands, but in 
other frequency bands the energy maybe change weakly. Therefore, it is possible to 
identify the condition according to energy variation of the gearbox vibration signals. 
Analysing the whole process of Hilbert-Huang transform, it is obvious that both 
frequency and amplitude of each IMF are the function of time. So the Hilbert spectrum 

),( tH   offers a measure of amplitude distribution with change of every time and 

frequency [14]. If 
2

)(tx is regarded as energy density of the vibration signal )(tx , then 

),(2 tH   obtained by performing HHT owns the same physical meaning. In additionally, 

the Papseval's theorem also proves that ),(2 tH  is equal to
2

)(tx . Leaving out the 

residue nr , the HHT of )(tx  should be energy conservation, namely, the following 

formula could be obtained: 

dtdtHdttx  
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We can define instantaneous energy )(tE as following: 





  dtHtE ),()( 2                             (19) 

However, in most time the noise in the gearbox vibration signal is so strong that 
the condition feature cannot be extracted directly from the Hilbert energy spectrum 

),(2 tH  or the instantaneous energy )(tE which provides the energy distribution of the 
time domain. Thus, we can select some IMF that we are interested in to perform Hilbert 
transform and local Hilbert spectrum ),( tH  can be got as: 
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With the definition of local Hilbert energy spectrum ),(2 tH  , we could get: 





  dtHtE ),()( 2                           (21) 

The )(tE  offers a measure of local instantaneous energy that reflects signal 
energy distribution at certain frequency band with change of each time. When dynamic 
imbalance or other faults occur in the cardan shaft, it is so difficult to diagnosis based 
on variation of vibration signal energy in the practical engineering. However, the energy 
variation resulted from the dynamic imbalance always is always decentralized and 
small compared with the total energy of the gearbox vibration signal. Thus, there is a 
certain difficulty to detect the fault by comparing this kind of variation. While the local 
energy spectrum ),( tH  could exactly provide precise energy-frequency–time 
distribution of signal with the change of time and some frequencies, it is possible to 
extract cardan shaft work state characteristic by analyzing signal energy distribution 
with change of frequency and time. The simplest method to get the local energy 
spectrum ),( tH  is to implement Hilbert transform with the IMFs, in this way we can 
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So maybe we can use such a function to express the instantaneous working state 
of the cardan shaft: 

dtEctEbtEaWS
cn fff  )()()( 222


                (22) 

where WS is a performance dimension of the work state of the cardan shaft; a is 
weight coefficient of the cardan shaft rotation frequency instantaneous energy; b  is 
weight coefficient of the gear mesh frequency instantaneous energy; c  is weight 
coefficient of the train-wheel rotation frequency instantaneous energy; d  is the 
correction coefficient which is based on the actual engineering test.  

To verify the feasibility of the calculation model, we used the bench test and in-
service train monitoring experiment data which are picked up from two cardan shaft one 
new and the other is old to calculate, and the result is basically in accordance with the 
cardan shaft state. The detection mode has an exciting application effect in engineering, 
however, the detail mathematical proof is lacking for the detection model. 

 
4.2 Other evidence 

If we apply the frequency domain method to analysis the same question, maybe 
can we obtain more proof. In Mathematics, the Plancherel theorem is a result in 
harmonic analysis, proven by Michel Plancherel in 1910. It states that the integral of a 
function’s squared modulus is equal to the integral of the squared modulus of tis 
frequency spectrum, and it can be expressed as 
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The frequency spectrum of the gearbox vibration acceleration every second was 
used to obtain the frequency domain energy. Due to the speed variation in running 
process, the frequency bands around characteristic frequencies were collected to 
calculate the energy peak of power spectrum, and the process can be expressed as 
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where fE  is the energy of the characteristic frequency, N is the sampling points in 

unit time, )(nx  is the vibration acceleration, k is the frequency interval of the 

frequency domain, df  and Tf  is the lower and upper frequency limit of the frequency 

brand respectively, and sf  is the sampling frequency. In order to reduce the influence 

of random vibration of the track, the characteristic frequency energy curve of the cardan 
shaft in the whole trail was smoothed, thus the curve would be expressed as 

 





T

t
fpf ktE

T
kE

0
_ )(

1
)(

  
 TTk all  .......3,2,1

        (25) 

where pfE _  is the stationary characteristic frequency energy, T is the smoothing time, 

allT  is the whole time length of the data of the whole trail.  



  

    In the presented data, the correlation values are N=20000, k=1, df =50Hz, Tf

=58Hz, sf =20000, and the calculation result is close to the gear meshing frequency. It 

is shown that the vibration energy of the running deviation of the cardan shaft would 
reflect on the vibration energy of the gear meshing frequency mentioned above.  

 
 
5. CONCLUSTION 
 

A detection model of running deviation of the cardan shaft based on the 
instantaneous energy using HHT was proposed in this paper. Based on the bench test 
and in-service train monitor experience, characteristic frequency separation method by 
EMD and instantaneous frequency energy analysis method by Hilbert energy spectrum 
were verified, finally, a preliminary condition estimation model of the cardan shaft was 
set up. From the theory analysis and application results, it can be concluded that: 

1. Hilbert-Huang transform can decompose the signal into a number of intrinsic 
mode functions; each IMF contain the sampling frequency and also changes 
with the signal itself. Furthermore, there is no energy leakage in HHT. So 
Hilbert-Huang transform method has shown great recognition performances in 
analysing the non-linear and non-stationary signals, and applied to effectively 
extract the condition feature of the cardan shaft in CRH5 drive system.  

2. EMD method could be used to separate frequency component of gearbox 
vibration signal and corresponding IMFs component can be got by the centre 
frequency. Thus it is possible to analysis each IMF component to extract the 
drive system abnormal characteristic information. 

3. It is feasible to detect the running deviation of the cardan shaft from gearbox 
vibration by the Hilbert spectrum and instantaneous frequency energy, and the 
detection mode has an exciting application effect in engineering, however, the 
detail mathematical proof is lacking for the detection model. 
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