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Abstract： 

The wheel-set is a key part of the China railway high-speed (CRH), and its quality will directly affect the safety 

of CRH. Nowadays, there is no good way to accurately measure the quality condition of wheel especially when 

the train is on the running.  The principle to calculate wheel-rail force by detecting the bending of steel rail is 

introduced. To calculate wheel-rail force，a system module of ‘Laser-PSD’  is presented. Based on the detecting 
displacement of light spot on PSD, the bending of steel rail can be calculated. The abrupt change in the curves is 

found to be the performance of the wheel which has a defect. The system has an enlightening function to raise 

the detection accuracy in the quality of railway wheel-set especially in high speed of 60-400km/h. 
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1.  Introduction 
 

The wheel-set is a key part of the China railway high-speed (CRH), and its quality will 

directly affect the safety of CRH. The characteristics of large train operation density, long 

running distance, all kinds of wheel-set and inconsistency of running speed require further 
development for the quality and detecting range of wheel-set. In recent years, China increases 

the train speed greatly, the safety for the wheels puts higher request. Therefore, it’s urgent to 
accurately measure the quality condition of wheel. 
 

To fill the blank of detecting flaws of the tread of high-speed railway, the researched and 

developed system named ‘dynamic detecting system of high-speed railway wheel-sets ’is 
carrying out, which is installed in the trains full-speed running line. The system using the 
‘LASER-PSD’ technology to detect the flaws and out-of-roundness in the tread of wheel set 

and the overload or partial load existing in the running trains. 

 

2.  Principles 

 

To the flexible beam of rail【1】, the elastic deformation and vertical deformation of the rail 

follows the following the equation (1): 

v d

E I
R

M
                                                                     (1)                       

Where M stands for the deformation of the rail, E I is the rail bending stiffness and v d
R

 means 
the radial elastic deform- mation. 

According to Hertz contact theory of nonlinear elasticity, the vehicles subsystem and track 

vehicles can be connected together by using interaction force between wheel and rail【2-4】. 

For the wheel-rail force at the time t, it follows the below equation: 
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In the equation (2), ( )P t stands for the wheel-rail force at the time t, G is the Constant wheel-

rail contact, and ( )M t  represents Curvature of wheel and rail when the trains passing-by. 

Expand ( )P t to Taylor series, and omitting a small amount of second order and above. 
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In the equation (3), 
0

P  is the wheel-rail force under static station, so the elastic deformation of 

rail is: 
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Therefore the wheel-rail force and deformation of the rail has a linear relationship, and the 

wheel-rail force can be calculated by measuring the deformation of the rail. 

 

3. Experimental models 
 

As shown in fig.1, the experimental model uses the signal sensor to measure the deformation 
of the rail. A signal sensor includes a laser and sleeve protection of inside device of the laser, 

and a Position Sensitive Detector. The signal sensor is installed in the central waist of the rail, 

and the system uses the ‘LASER-PSD’to measure the vertical deformation of the rail at the 
time of train passing-by. 

            
Fig.1 Equivalent figure of the installation of a signal sensor        Fig.2 Schematic diagram of detecting signal 

 
Fig.2 is the schematic diagram of detecting signal. When the wheel is far away from the 

signal sensor, the rail over the sensor has no deformation; as the wheel passing near the 

sensor, the rail over the sensor will have an upward bending; when the wheel is just over the 

sensor, the rail over the sensor will bend down; the next step, when the wheel is away to the 
sensor, the deformation of rail over the sensor is reversible. 

 

As shown in the Fig.3, the deformation of the rail over the signal sensor will affect the 
changing of the laser beam. As seen in Fig.4, in the direction of passing train, the left side of 

the signal sensor is the laser and on the right it is a PSD. When there is no training passing-by, 

the laser beam just shots at the middle of the PSD, which is used to detect the position 

changing of laser beam. 



  
Fig.3 the changing of laser beam when a wheel passing-by   Fig.4 the changing of laser beam when no train                       

passing-by 

According to Zimmermann law, the deformation of R65 rail is shown in the Fig.5, when the 

weight of the wheel is 3.5T. 

   
Fig.5 the deformation of R65 rail with the weight 3.5T    Fig.6 Schematic diagram of the displacement sensor 

 

As shown in the Fig.6, a signal sensor is an one dimensional PSD device, which is compose 

of surface layer P, surface layer N and the middle layer I, where the surface layer P is a layer 

of uniform impedance. 

 

As shown in the sections Fig.6, where the x stands for the distance from its center to the 

incident point, the total length of PSD is 2l, and the output current of the middle layer 1 is 
1

I , 

he output current of layer 2 is 
2

I .The Fig.7 is the equivalent circuit. 

                                                             
Fig.7 the section of displacement sensor                          Fig.8 the equivalent circuit of displacement sensor 

As shown in the Fig.8,  
1

R  stands for the resistance from the point 1 to the incident point, and 

2
R is the resistance from the point 2 to the incident point, while 

0
I is the input current of point 

3. 



Suppose that comparing with R1and R2, the load resistance RL can be omitted, while 
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Put the formula 
0 1 2

I I I  into formula（5）, that is:  
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Using the formula（6）and (7)，we can get the formula of the place of spot point: 
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So when the sleeper distance is 650mm and there is a wheel with the weight 3.5T on the R65 
rail, the curve got from the PSD is shown as Fig.9. 

  

Fig.9 the bending moment of PSD 

 

Fig.10 the curve of a CRH 1 



4. Data testing 
 

The Fig.10 shows the data of a CRH 1 with 32 axles, and the Fig.11 shows the enlarged figure 

of the first two axles, which shows the deformation of rail when there is a wheel passing 
through. 

  

Fig.11 the curve of first two wheels 

 

Fig.12 The sudden change in the curve 



 

Fig.13 the wheel defects 

 

Based on lots of testing, there is a sudden change in the curve of a wheel and the wheel 

defects can be found in surface of its tread, just as shown in the Fig.13, and with size 25mm 

length ,36mm width and 1.2mm depth. 

 
 Table 1 shows the statistics of data from 64 CRH 1with 2048 wheels, and we found if there is 

a sudden change in the curve, 87% of wheel has a defect, while there isn’t any sudden change 

in the curve, we can’t find any defect in the wheel. 
 

Table 1 the relation between the sudden change in the curve and the defects in the wheel  

 

 
 

 

 

Sudden has 

change or not 

The wheel 

with defects 

The wheel 

without any 
defect 

Not 0 100% 

Yes 87% 0 

5 . Conclusion 
 
At present, the dynamic detecting system of high-speed railway wheel-sets will be installed in 

the train’s full-speed running line, which adopts the ‘Laser-PSD’ to detect the defects of 

wheel tread by measuring the vertical deformation of the rail at the time of train passing-by. 

This paper described the principle of wheel-sleeper dynamics module to measure rail 
deformation, and the experimental data proved the methods, and the module will has some 

effect on the detecting quality of wheel –sets. 
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