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 1 Abstract: Recently, the emerging rail grinding method with 
open-structured abrasive belt based on pressing plate which 
adopts full contour copying grinding method to extend the 
working length of abrasive belt and is more suitable for 
preventative grinding and maintenance of rail corrugation in 
high-speed railway has been proposed. The essence of its 
grinding process is the complex nonlinear interaction among the 
pressing plate, abrasive belt and rail. The research on the contact 
mechanism of the rail grinding method with open-structured 
abrasive belt based on pressing plate is still very lacking, which 
limits the practical application of the emering rail grinding 
method to a certain extent. In this paper, a theoretical model of 
the contact between pressing plate, abrasive belt and rail is 
established. The contact area morphology and contact stress 
distribution were obtained, and validity of the theoretical model 
was verified by finite element simulation. At the same time, the 
distribution characteristics of contact stress under single 
concentrated force, uniform force and multiple concentrated force 
were studied based on the contact model. It is concluded that the 
multiple concentrated force is the optimal loading method, and 
the contact stress is more uniform, which is more conducive to 
repair the standard contour of rail. 
Keywords: Abrasive belt • Rail grinding • Pressing plate • 
Contact stress  
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1  Introduction 

 

Rail grinding is currently recognized as a common 
means for daily maintenance of rail of various rail transit 
modes (high-speed rail, heavy load, subway, tram, etc.). 
By removing rail surface damage and defects and 
correcting rail contour, it can effectively improve 
wheel-rail matching relationship, restrain rolling contact 
fatigue, extend rail service life, reduce train running 
noise, improve train running stability, safety and 
passenger comfort, and bring significant social and 
economic benefits [1-3]. As a new method of rail 
grinding, rail grinding method with abrasive belt has 
attracted extensive attention in the world due to its 
advantages such as high grinding efficiency, flexible 
contact is not easy to damage rail, dust recovery is easy, 
safety and environmental protection, etc. [4]. 

Rail grinding with abrasive belt mainly include rail 
grinding with open-structured abrasive belt and rail 
grinding with closed-structured abrasive belt [5]. The 
wheel system for the open-structured abrasive belt 
includes the winding wheel, the releasing wheel, the idle 
wheel, and the tensioning wheel, as shown in Figure 1. 
The motor drives the winding wheel to rotate through a 
reduction mechanism, so that abrasive belt at the bottom 
of the pressing plate is slowly updated. At the same time, 
the whole device is moving at a uniform speed to ensure 
uniform grinding. It can greatly extend the working 
length of abrasive belt, significantly improve the 
grinding mileage, avoid frequent replacement of abrasive 
belt, and greatly improve the grinding quality and 
efficiency.  
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Figure 1  The principle of rail grinding with open-structured 
abrasive belt based on pressing plate 

 

The process of rail grinding with open-structured 
abrasive belt based on pressing plate is essentially the 
complex nonlinear interaction among the pressing plate, 
abrasive belt and rail, which directly determines the 
grinding efficiency and grinding quality. The study of the 
contact relationship is the theoretical basis for the study 
of material removal mechanism, material temperature 
and material surface quality. Blum et al. [6] used the 
force balance equation and the minimum energy method 
to conduct research and regarded the contact between the 
contact wheel and the workpiece as Signorini contact, 
thus established an analytical model for quantitative 
grinding of abrasive belt. Ren et al. [7-8] and Zhang et al. 
[9-10] regarded the contact relationship between the 
contact wheel and the workpiece as Signorini contact 
problem to study the grinding operation process of 
grinding robot with abrasive belt. Khellouki et al. [11-12] 
studied the contact length between contact wheel with 
different hardness and cylindrical workpiece in rail 
grinding with open-structured abrasive belt, and 
established a contact model for qualitative analysis. 
Deresiewicz et al. [13] simplified the contact relationship 
between a flat contact wheel and the workpiece to be 
processed and regarded it as a simple contact behavior 
between a cylinder and a plane to establish a contact 
wheel friction model. Wang et al. [14] simplified the 
contact relationship of rail grinding with the 
closed-structured to the contact problem between two 
elastic cylinders, and then studied the contact behavior of 
the rail grinding with abrasive belt based on the elliptic 
Hertz contact theory. Wu et al. [15-19] also successively 
constructed a material removal model for precision 
grinding of flat contact wheel belt based on Hertz contact 
theory. Based on Hertz contact theory, Wang et al. [20-22] 
successively established the prediction model of abrasive 
belt wear, grinding power and material removal rate for 

rail grinding with abrasive belt based on flat contact 
wheel. Cheng et al. [23-24] established the contact model 
of rail grinding with closed-structured abrasive belt 
under static condition by applying elastoplastic theory 
and Hertz contact theory. The existing research mainly 
focus on rail grinding with closed-structured abrasive 
belt and rail grinding with open-structured abrasive belt 
based on contact wheel. Compared with rail grinding 
with closed-structured abrasive belt and rail grinding 
with open-structured abrasive belt based on contact 
wheel, the rail grinding with open-structured abrasive 
belt based on pressing plate adopts full contour copying 
grinding method to avoid over-grinding phenomenon in 
contact wheel abrasive belt grinding technology and 
extend the working length of abrasive belt, which is 
better applied in  preventive grinding and maintenance 
of rail corrugation in high-speed railway. However, there 
is still a lack of research on the contact mechanism of 
rail grinding with open-structured abrasive belt based on 
pressing plate, which limits the practical application of 
the emerging rail grinding method to a certain extent. 

Therefore, this paper will analyze the contact 
mechanism among the pressing plate, abrasive belt and 
rail, and establish the contact model, and explore the 
distribution law of the contact stress on the rail surface 
under different load modes. This will help to promote its 
engineering application and future development. 

 

2 Contact Model of Rail Grinding with 
Open-Structured Abrasive Belt based on 
Pressing Plate 

 

The research object of this paper is the macroscopic 
static contact behavior between the pressing plate and the 
rail contour. The microscale characteristics of the 
abrasive particles on the surface of abrasive belt and the 
influence of grinding process on the contact behavior is 
not taken into account. In the process of grinding, the 
pneumatic cylinder will press the pressing plate and 
abrasive belt on the surface of rail, the top surface of  
pressing plate is applied a concentrated force which is 
labeled F, the concentrated force can be transferred to the 
curved surface of rail through abrasive belt, so as to 
remove the material of rail and eliminate the surface 
disease of rail, as shown in Figure 2. 
 

Releasing wheel

Tensioning wheel

Winding wheel

Abrasive belt

Pressing plateIdle wheel
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Figure 2  Schematic diagram of press pressing plate - abrasive 
belt - rail action 

 

According to Saint-Venant's theory [25], O is a point 
on the boundary P of the elastomer S. Let C(O, r) be a 
sphere centered at point O and of radius r. Acting on 
P∩C(O, r) with a force system F whose static force is 
equal to zero. If the ratio of r / OA tends to zero, the 
stress distribution caused by F tends to zero. When the 
thickness of pressing plate is limited and just around the 
position of the load (near the pressure position of 
pneumatic cylinder), the stress distribution of pressing 
plate can not be assumed to be the same everywhere. It is 
assumed that the concentrated force directly acts on the 
abrasive belt due to the limited thickness of the pressing 
plate, that is, the concentrated force generates point 
contact on abrasive belt. Rail arc surface is composed of 
arc segments with different radii. Let I= 1,2,3,4,5 
correspond to the left first arc (R13), the left second arc 
(R80), the middle arc (R300), the right second arc (R80) 
and the right first arc (R13), respectively. If the 
concentrated force F of the air pressure bar is denoted as 
F1 in the left arc in Figure 3, and when the concentrated 
force F1 acts on the arc, the normal deviation Angle of 
the line between the point of application and the center 
of the arc is θ1, it can be known that the normal force 
acting on the left arc at this time is FN1=F1cosθ. 

Hertz contact theory shows that the concentrated force 
applied to abrasive belt can form spherical deformation 
of radius R1. The sphere is in contact with the arc surface 
of rail, resulting in contact stress between sphere and 
surface, and a cylinder of radius R1 will be produced 
when acting on abrasive belt area. The outer curve of the 

rail can be viewed as part of another cylinder of radius 
R2. At this time, the abrasive belt contact with rail 
surface can be converted into two cylinders contact. The 
normal force between the cylinders is FN. E1, υ1, E2 and 
υ2 are the elastic modulus and Poisson's ratio of cylinder 
1 and cylinder 2, respectively. R* and E* are the 
effective sphere radius and the effective elastic modulus 
respectively, as shown in Eqs. (1) and (2). Set the 
direction along the rail as x direction and the direction 
perpendicular to the rail as y direction. 

 

 
2 2

1 2

1 2

1 11 v v

E E E

 
   (1) 

 
1 2

1 1 1

R R R
    (2) 

 

According to Hertz theory , when two cylinders are in 
cross contact, as shown in Figure 3, the contact area is an 
ellipse. Since the contact area is an ellipse, the radius of 
the major axis is considered to be a and the radius of the 
minor axis is considered to be b. According to contact 
mechanics [26] and elastic mechanics [27], Eqs. (3) and 
(4) expresses the size of the ellipse is: 
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Figure 3  Cross contact of cylinder 
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P0 is the maximum crushing stress in the contact area. 
Eq. (5) to calculate the maximum crushing stress. 

 

 0
3

2

NF
p

ab
  (5) 

 

The two cylinders have radius R1 and R2, the normal 
overlap is δ that are solved using Eq. (6). The pressure 
distribution in the contact area is shown in Eq. (7). 
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Wherein, the size coefficients of the elliptical contact 
area are α, β, λ. It can be obtained by looking up Table 1.  

 

Table 1  Elliptic coefficient table 

R1/R2 1 3/2 2 3 4 6 10 

α 0.908 1.045 1.158 1.35 1.505 1.767 2.175 

β 1 0.765 0.652 0.482 0.400 0.308 0.221 

λ 2.080 2.060 2.025 1.950 1.875 1.770 1.613 

 

Then, under the action of normal force FN1, the 
calculation method of deformation radius of abrasive belt 
a1 is shown in Eq. (8). 

 

 3 3
1 1 1

3 3
1 cos

4 4
N

R R
a F F

E E


 

    (8) 

 

According to Saint-Venant's principle, the deformation 
area of the abrasive belt is a cylindrical section of radius 
a1, which crosses with the cylinder of the rail. According 
to the Hertz formula of cylindrical intersection, from Eqs. 
(1) to (7), the contact area and the contact stress of the 
abrasive belt and the rail in the left arc section can be 
respectively written as shown in Eqs. (9) to (13). 

 

 

2 2

1 2 1 2
3

11 1 1

1 2 1 2

2 1 1
N

R R v v
a F

R R E E


  
    

 (9) 

 11 1 11b a  (10) 

 
1

01

11 11

3

2

NF
p

a b
  (11) 

 

2
2 2

2 1 2 1 23
1 1 1

1 2 1 2

2 1 1
N

R R v v
F

R R E E
 

  
    

 (12) 

  
2 2

1 01 2 2

11 11

, 1 i i
i i

x y
p x y p

a b
    (13) 

 

Similarly, for the left second arc and the middle arc, 
the contact area and contact stress between the abrasive 
belt and the rail can be obtained respectively. Adopting 
tensor form, the contact theory of each arc can be 
summarized as shown in Eqs. (14) to (18). 
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Where,I=1,2,3,4,5, corresponds to the left first arc, the 
left second arc, the middle arc, the right second arc and 
the right first arc respectively. So far, we have 
determined the contact model between the abrasive belt 
and the rail. 
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3  Simulation Verification of Contact Model 
of Rail Grinding with Open-Structured 
Abrasive Belt based on Pressing Plate 

 

The contact problem among pressing plate, abrasive belt 
and rail is a highly nonlinear problem, so this paper 
chooses ABAQUS software to analyze the contact 
problem. For China high-speed railways (CHSR), the 
wavelength of rail corrugation for high-speed running 
situation is usually between 120 mm and 150 mm. In 
order to achieve effective removal of the corrugation on 
the basis of ensuring the flexibility of the grinding 
components in the bend, the length of pressing plate is 
designed as 340 mm. The width of the embossed plate is 
set to 70 mm for maximum envelope range. According to 
Wang's research [28], in order to promote the heat 
dissipation of rail surface and avoid the abrasive debris 
adhering to the surface of abrasive belt which weakens 
material removal properties, at least two grooves are 
made on the bottom surface of pressing plate, and the 
width of the grooves is 5 mm to 30 mm. 

It is assumed that the width of groove is 30 mm and 
the number of groove is 2, and this contour parameter is 
used in the subsequent contact stress simulation 
calculation. The 60 kg/m rail was selected for the rail 
model. In order to improve the calculation efficiency, 
save the calculation cost and ensure the accuracy of the 
results, it is necessary to refine the mesh models of 
abrasive belt, the upper surface of rail and the lower 
surface of pressing plate. In order to avoid malformation 
or irregularity during meshing, which will affect the 
simulation accuracy, the thickness of grid cannot be 
changed suddenly, so the mesh transition strategy is 
adopted.  

The 60 kg/m rail material is high manganese steel, belt 
material is rubber. The rail is defined as elastoplastic 
material and the abrasive belt as elastic material. The 
material parameter settings of each model are shown in 
Table 2. 

Compared with rail grinding based on contact wheel, 
the rail grinding with abrasive belt based on pressing 
plate adopts copying contact, and the contact area is far 
larger than rail grinding based on contact wheel. 
Combined with the actual working conditions of 
high-speed grinding, the load mode is selected as single 
concentrated force. The force is applied in the center of 
pressing plate and the direction is vertically downward. 

 

 

 

Table 2  Material parameters 

Name Rail The abrasive belt The pressing plate 

Elastic 
modulus (Mpa) 

2.1e5 7.8 2.1e5 

Density 
(kg·m-3) 

7800 2000 7800 

Poisson's ratio 0.3 0.22 0.3 

Specific heat 
capacity (kg·K) 

460 93 460 

Young's 
modulus (Gpa) 

200 0.03 200 

 

Six grinding pressure values were selected, and the 
contact stress of the theoretical model was calculated by 
Mathematica software, as shown in Table 3. 

 

Table 3  Theoretical calculation results of contact stress under 
different grinding pressures 

F (N) 600 800 1000 1200 1400 1600 

P(Mpa) 0.157 0.179 0.209 0.236 0.257 0.289 

 

The finite element simulation results corresponding to 
the theoretical model were obtained to compare the 
simulation results with the theoretical values. Contact 
stress nephogram under different grinding pressures is 
shown in Figure 4. The contact stress increases with the 
increase of grinding pressure, mainly because the 
increase of contact pressure makes the contact stress at 
the application point increase. 

 

 

 (a) 600 N (b) 800 N 
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 (c) 1000 N (d) 1200 N 

 

 (e) 1400 N (f) 1600 N 

Figure 4  Contact stress nephogram of rail surface 

 

In order to intuitively compare and analyze the contact 
stress matching between the finite element simulation 
model and the theoretical model under different 
pressures, the contact stress at the same position on the 
rail surface was extracted. The contact stress was 
compared respectively between the finite element 
simulation results and the theoretical calculation results, 
as shown in Figure 5. The contact stress is positively 
correlated with the grinding pressure and gradually 
increases with the increase of grinding pressure. 
According to analyze the data of the finite element 
simulation model and the simulation model, the 
maximum error is 7.3%, which may be due to the error 
caused by the mesh division and calculation of the finite 
element simulation software. The simulation results are 
in good agreement with the theoretical calculation values. 
The correctness of the contact model of pressing 
plate-abrasive belt-rail under concentrated force pressure 
is verified. 

 

 

Figure 5  Comparison and analysis of contact stress between 
theoretical values and simulation values 

 

 

4  Comparative Analysis of the Influence of 
Different Load Modes on Contact Stress 

 

Since the thickness of pressing plate is limited, it is 
assumed that the concentrated force acts directly on the 
abrasive belt and forms point-surface contact according to 
Saint Venant theory and small deformation hypothesis. 
Under the action of external force, the internal stress of 
pressing plate is mainly concentrated in the force position, 
resulting in the phenomenon that the stress on the rail 
surface is too concentrated. By adjusting load mode, the 
contact stress distribution with the rail can be relatively 
uniform, and the problem of the contact stress 
concentration on the rail surface can be improved. 
Otherwise, the unreasonable load mode will lead to a larger 
contact stress at the rail surface position corresponding to 
the force position of pressing plate, resulting in more 
material removal at this position and a large difference 
between the rail profile after grinding and the standard 
profile, resulting in multiple point contact, noise, and even 
affecting the safety of the train operation. Therefore, it is 
very important to analysis of the influence of different load 
modes on contact stress. 

In this cross-section, finite element simulation analysis 
will be carried out on the contact behavior under single 
concentrated force, uniform force and multiple 
concentrated force loads respectively, and the influence 
of different load modes on the contact stress of rail 
surface will be compared, which lays a foundation for 
the selection and optimization of load modes of rail 
grinding with open-structured abrasive belt based on 
pressing plate. 
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Figure 6  Schematic diagram of cross-section and node 

 

 

Figure 7  Contact stress nephogram of cross-section under single concentrated force 

 

 

4.1  Contact Stress Distribution under Single 
Concentrated Force 

 

Combined with the actual working conditions of 
high-speed grinding, the single concentrated force with 
grinding pressure of 1200 N is selected, and the force is 
applied in the center of pressing plate and the direction is 
downward. From the Figure 6, the contact stress on the rail 
surface is symmetric with respect to the middle 
cross-section 4.  In order to directly analyze the stress 
distribution on the rail surface in the direction parallel to 
the cross-section under a single concentrated force, four 
cross-sections parallel to the rail were selected to extract 
the contact stress at 15 points on the cross-section, as 
shown in Figure 7. 

Figure 7 shows that the contact stress is concentrated 
in the middle of rail, the contact stress presents an 
inverted triangle distribution along the contact area on 
both sides of the rail direction. The contact stress 
distribution at different sections is similar, and the 
magnitude is obviously different. The maximum contact 
stress appears at the 8 node of cross-section 4, the 
maximum contact stress is 0.217 MPa, and the average 
contact stress of cross-section is 0.094 MPa. 

 

4.2  Contact Stress Distribution under Uniform Force 

 

Combined with the actual working conditions of 
high-speed grinding, uniformly distributed load on the 
surface of pressing plate is set to 0.05 N/mm2, and other 
simulation parameters of single concentrated force is the 
same. 
 

 

Figure 8  Contact stress nephogram of rail surface 
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Figure 9  Contact stress nephogram of cross-section under 
uniform force 

 

Figure 8 shows that the contact stress on the rail 
surface presents non-uniform distribution, and is divided 
into three areas. The shape of the contact area is similar, 
and all of them are long strips. There are two red areas of 
stress concentration on the symmetrical sides of the 
center of each contact stress distribution region, and the 
two ends are hemispherical. The force is mainly 
concentrated on the surface of the rail with the curvature 
of 300 mm, and the contact stress of the rail contour with 
the curvature of 80 mm and 13 mm is very small, 
because the distance of transmission force is the shortest 
and the profile interference is the largest when the 
curvature of rail is 300 mm under the uniform force. 
Figure 9 shows that the contact stress on the 
cross-section presents symmetrical distribution and 
gradually decreases from the middle to the side. The 
contact stress on the middle node 8 is the maximum, and 
the maximum contact stress is 0.121 MPa, and the 
contact stress on the side is about 0.011 MPa. 

 

4.3 Contact Stress Distribution under Multiple 
Concentrated Force 

 

Based on single concentrated load mode, the contact 
stress distribution under multiple concentrated load mode 
is studied. The number of the groove on the bottom of 
pressing plate is 2, and the working surface of the 
grinding rail is divided into three contact surfaces by the 
grooves. The point of force application along the 
direction of rail can be selected in the middle of each 
contact surface, which is conducive to more uniform 
distribution of contact stress. The diameter of the contact 
surface between pneumatic cylinder and pressing plate is 
5 mm, but the diameter of pneumatic cylinder is 40 mm, 
and the point of force application to the cross-section is 
limited, so each contact surface to select two 
symmetrical force points. To sum up, the number of 
point of force application at all contact surfaces is 
selected as 6 in the multiple concentrated force. In order 
to compare the influence of the force position on the 
contact stress under multiple concentrated forces, the 

positions 1-7 of multiple concentrated forces are marked. 
The force position 1 is closest to the middle of pressing 
plate, and the force position 7 is closest to the edge of  
pressing plate, as shown in Figure 10. In the case of 
multiple concentrated force, each force is set to 200 N, 
and other parameters are set the same as the simulation 
parameters of single concentrated force. The contact 
stress distribution nephogram under multiple 
concentrated force is shown in Figure 11. The method of 
data extraction is similar to single concentrated force and 
uniform force. The cross-section at the middle position 
of rail stress area was selected to extract the contact 
stress of 15 nodes on the cross-section, as shown in 
Figure 12.  

 

 

Figure 10  Position of multiple concentration force application 
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 (e) Force position 5 (f) Force position 6 

 

(g) Force position 7 

Figure 11  Distribution of contact stress at different force position  

 

According to the stress nephogram, the overall shape 
of the contact stress distribution is the same as that of the 
contact area of pressing plate, which is divided into three 
rectangular areas, and each rectangular area is divided 
into three strips. The junction of rail curvature of 300 mm 
and 80 mm is not as smooth as the curved surface after 
meshing, which leads to uneven forces on the two contact 
surfaces, and finally leads to uneven contact stress 
distribution and thin strip area with slightly lower contact 

stress. For the contact stress on the rail surface at 
positions 1 to 7, the concentration area of contact stress 
changes correspondingly as the force position moves to 
both sides. Judging from the Figure 12, the contact stress 
on the cross-section is wavy as a whole, with three peaks 
and two troughs. The peaks of nodes 1-5 correspond to 
the rail curvature of 300 mm and the rail curvature of 80 
mm, and the troughs of nodes 5 and 11 correspond to the 
junction of rail curvature of 300 mm and 80 mm. The 
maximum contact stress at the position 1~2 appears at 
node 8, while the maximum contact stress at the position 
2~7 appears at node 7 or 10 and the stress in the center 
area is not the maximum. This is due to the fact that the 
two force points at the position 1~2 are close to each 
other and the stress centers overlap, while there is a 
certain distance between the two force points at the 
position 2~7. Combined with the influence of the rail 
contour, there is a phenomenon of stress reduction at the 
wave peak. 

To evaluate the stress uniformity is to evaluate the 
stress fluctuation and dispersion of the joint of rail 
surface. The value of contact stress fluctuation is smaller, 
the contact stress of rail surface is more uniform. The 
statistical method were used to evaluate the contact stress 
on the rail surface, and the contact stress node data 
extracted from the cross-sections at each force 
application position were sorted out and the line chart 
was made. As can be seen from the Figure 13, when the 
force position moves from the middle to the side, both 
range and variance decrease first and then increase. 

The range and variance of the force position 5 are the 
least, so position 5 is the best force position where the 
contact stress is relatively uniform under the multiple 
concentrated force. 

 

 

Figure 12  Simulation of different force position  
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Figure 13  Range and variance of different force position 

 

4.4 Comparison of Contact Stress under Different Load 
Modes 

 

In order to ensure the comparability of data, the same 
cross-section is selected to ensure that the stress nodes on 
the cross-section are completely consistent when extracting 
the contact stress data of three load modes. Since a 
relatively optimal multiple concentrated force position is 
obtained, so the extracting data in the position 5 of multiple 
concentrated force. 

The value of contact stress under three load modes was 
extracted respectively, and the data of the same 
cross-section and the same stress node were obtained to 
make the stress change curve, as shown in Figure 14. 
 

 

Figure 14  Stress curves of nodes with different application modes 

 

Table 4  Cross-section stress analysis table under different loading modes 

 

Single 
concentrated 

force 

Uniform 
force 

multiple 
concentrated 

force 

average 0.093787 0.039887 0.072176 

standard deviation 0.073232 0.042509 0.028739 

variance 0.005005 0.001687 0.000771 

maximum 0.217368 0.121335 0.111701 

minimum 0.016046 0.008296 0.023544 

range 0.201322 0.113039 0.088156 

 

Figure 14 shows that three kinds of load mode, rail 
showed different distribution of contact stress of the same 
cross-section. In order to compare the stress uniformity of 
the cross-section under three loading modes, the contact 
stress of the cross-section under different loading modes is 
analyzed (such as in Table 4) and make the range and 
variance change curve, as shown in Figure 15. 

 

Figure 15  Range and variance of different loading modes 

 

Figure 15 shows that compared with single concentrated 
force and uniformly force, the range and variance of the 
contact stress on the rail surface under the multiple 
concentrated force are the smallest. This indicates that the 
contact stress on the surface of the rail is more uniform 
under the load mode of multiple concentrated force, which 
is conducive to the repair of the standard contour of the rail 
and avoids the phenomenon that the contact stress 
concentration only removes the material from a single 
position of the rail. 
 

5  Conclusions 

 

In this paper, the contact behavior of rail grinding with 
open-structured abrasive belt based on pressing plate is 
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studied. The conclusion can be drawn as: 
(1) The contact relationship among the pressing plate, 

abrasive belt and rail is analyzed, and the contact 

model is established. The contact area morphology and 

contact stress distribution were obtained, and the 

validity of the theoretical model was verified by finite 

element simulation. The maximum error was 7.3 %. 

(2) In the case of single concentrated force, the contact 
stress is concentrated in the middle of the rail, and the 
contact stress presents an inverted triangle distribution 
along the rail direction. The contact stress area is small 
and concentrated on the top of the rail surface under 
uniform force. The shape of the contact stress 
distribution under multiple concentrated force is the 
same as that of the contact area between the abrasive 
belt and the pressing plate, which is divided into three 
rectangular areas, and each rectangular area is divided 
into three strips.  

(3) The contact stress values of 15 identical stress nodes on 
the same cross-section parallel to the rail are extracted. 
After range and variance analysis, it is known that 
multiple concentration force is the optimal load mode, 
and force position 5 is the optimal force position under 
multiple concentration force. 
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