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Abstract 
 
 
The paper submitted deals with the investigation of failures of railway structures by 
means of the Method of higher orders spectra. The reason why Method of higher 
orders spectra is prospective in future is that unlike other non-destructive methods 
this one offers a high-quality information on the existence of non-linear processes in 
material and geometrically complex investigated samples (structures) and thus also 
the information on the existence and degree of development of particular faults. A 
timely detection of the level or location of a failure of a structural member or of the 
entire structure is gaining its importance at present due to the increasing 
maintenance costing. The application of this method will also offer the source 
materials about real material and geometrical characteristics of engineering 
structures in existing numerical models. 
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Introduction 
 
Many times we have already been able to convince ourselves, that the use of 
experience and knowledge, resulting even from far past have brought surprisingly 
good results. One of such experience is knowledge that noise, resulting from the 
shock applied to a structure with cracks (disturbances) is profoundly different from 
the noise of the same subject without cracks. This phenomenon has been known 
long time ago. As early as the Middle Ages this phenomenon was used for detection 
of cracks in ceramic vessels after their firing. The mentioned phenomenon makes it 
possible to detect cracks in metallic materials as well. Generally known is its very old 
application in the railway transport. In development and application of methods used 
for detection of defects in construction components and materials this phenomenon 
has been however often neglected. It has happened for a long time mainly because 
the advanced measuring techniques and appropriate mathematical apparatus, 
needed for evaluation of measured signals were missing or not available.   

Methods of high order spectra analysis make possible a thorough analysis of 
measured signals with good possibilities of classification and identification of defects. 
The noise, arising from the shock to tested construction or component is namely very 
interesting due to the fact, that it contains a number of mutually independent and well 
recognisable symptoms, according to which it is possible to differentiate materials 
with cracks or without.  

 
 

High order spectral analysis theory  
 
Higher-order-spectrum methods make a new, promising tool of signal analysis, 

which provides an insight into the non-linear characteristics of potential applications, 
where the traditional linear analysis tools (correlation, frequency analysis) fail to 
provide sufficient information.  

There are basic definitions of classical statistics - mean (1), variance (2), 
skewness (3), kurtosis (4) 
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Special non-linear combinations of the above moments are so-called 

cumulants. The process first-order cumulant, c1, is the process mean value. The 
second order, c2, third-order c3 and fourth-order c4 process cumulants are defined by 
following equations: 
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If we create spectra of these cumulants, we obtain so-called polyspectra. A k-
th order polyspectrum is defined as a Fourier transform of the respective cumulant.  
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Here, C2, C3 and C4 are representing the power spectrum, bispectrum and 

trispectrum, respectively. 
 
Bicoherence is estimated as 
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where C3(f1, f2) is the estimate of the bispectrum, and P(f) is the estimate of 

the power spectrum.  
 
 

Experiment 
 
The basis for the methodology designed by the author is the analysis of the response 
of the noise signal to a mechanical impulse, particularly by High order spectral 
analysis procedures. The measured wheel was placed on a special device (Fig. 1).. 
The mechanical shock was excited by a special pendulum with a defined choice of 
the shock intensity. The measuring device (made by the Bruel & Kjaer Company) 
consisted the PULSE 3360C signal analyser, some accelerometers and the 
measuring software. The sampling frequency was 12 kHz. The electric signals 
detected and digitally recorded resulted from the measurement, and they were 
adequate to the amplitudes of the vibration in the places of sensor locations.  

After completing the analysis, the check measurement and calculations, the 
following methods and parameters were used to the analysis of the response to the 
mechanical shock: 

Good wheel has sharp shape of high order spectra as shown in Fig. 2.  
 
 

 
 



 
 

Fig. 1 Experimental set up 
 
 

Conclusion 
 
Based on the measurement and analyses made, it is possible to state that the 

experiment checked the possibilities of using the given methodology for the detection 
of structural defects of the measured products and materials from the homogeneity 
and the cracks formation points of view. The analysed parameters enable us to 
distinguish a good product from a defective one. 

In conclusion it may be mentioned that the given methodology can also be 
incorporated in the process of the half-automated quality control of products under in 
the production line. When using the above methodology together with the methods of 
qualitative analysis or the artificial intelligence (fuzzy and rough sets, neural 
networks, genetic algorithms etc.), then the process of evaluating the quality of 
products can fully be automated. 

 



 
 

 
 

Fig. 2 High order spectrum of good wheel 
 
 
 
 

 
 

Fig. 3 High order spectrum of wheel with defect 
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