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Abstract. This paper for the mathematical modeling mechanism of the polishing 

machine, first based on the mechanical characteristics of the plate, analysis of the 

adhesive contact force and driving force, establish the polishing machine in the 

straight line, arc motion of kinematics and dynamic model, deduce the movement 

under the polishing machine movement speed, angular speed, position and driving 

friction force, driving moment. Finally, through joint simulation and verification 

by Admas and Simulink. The conclusion is that as the inclination of the wipe disc 

increases, the saturation speed of the linear motion will increase with a constant 

tolerance speed, the saturation angular velocity of the rotation motion also 

increases uniformly with the tolerance angular velocity. The rotational radius of 

the arc motion increases uniformly with the tolerance radius, and in the two sides 

of the disc inclination value in the opposite direction. On the contrary, the value 

decreases to the same value of the same direction and turns to the rotation 

movement. With the decrease of the disc rotation speed, the saturation velocity and 

saturation angular velocity of the line and rotation motion, the linear velocity and 

rotation radius of the arc motion are all decreasing, the angular velocity is 

increasing. This paper provides the theoretical basis for the steady state control of 

motion pose, and provides important reference for system parameter design and 

field construction of disc machine. 

Keywords. Double-disc polishing machine, mechanical analysis, motion analysis, 

co-simulation 

1. Introduction 

Workers usually need to finish all night all pouring area, and poor construction 

environment, labor intensity, noise pollution is serious. Based on the pain points of the 

traditional construction operations, it is necessary to introduce the polishing machine to 

strengthen the control of the concrete pavement smoothness, so as to improve the 

pavement density, wear resistance and perception. Technology into the first to study 

polishing machine movement mechanism, master the polishing machine movement 

characteristics, discusses the control of the polishing machine construction movement 

strategy, the improvement of polishing machine, upgrade and as a subunit into the 
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cluster system has important significance, and will help to promote the development of 

road engineering cluster operation, makes our country in modern road engineering 

towards the world advanced level, enhance the international competitiveness of our 

infrastructure industry [1-5]. 

Literature [6] Conduct the path planning and design for the problems existing in 

the smooth process of the polishing machine. Literature [7] analyzes the driving 

mechanism of double-disc polishing machine, and studies the structural composition 

and working principle of the hydraulic system of polishing machine.  

2. Force Analysis of the Polishing Machine 

The main structure of the polishing machine studied in this paper is extended with disc 

polishing machine, with double disc polishing head. The structure diagram is shown in 

figure 1. It can be seen that under the action of heavy object m , the cement mortar 

deformation is the with displacement 
0� . Two plaster plates

222111 BOABOA are parallel 

to the concrete floor, and respectively around the axis 
2211 COCO , rotation, turn the 

opposite, the speed is controlled by motor M at both ends, There are two electric push 

rods on both sides of the platform, which control the tilt Angle of the wipe plate and 

the axis around the center point 
21 CC  respectively [8-11]. As shown in figure 2: 

 
Figure 1. A schematic representation of the structure    Figure 2. Schematic diagram of the wipe disk force . 

The adhesive contact plays an important role in contact mechanics and tribology, 

as shown in figure 3, from the initial contact with the bulge (a), to the extrusion of the 

bulge to spread around (b), and finally the whole flattening of the plate and polishing of 

the bulge. 

  

(a) Initial contact                        (b) Contact diffusion       

Figure 3. Schematic diagram of the adhesive disk on the right. 

The following are analyzed by uniform normal displacement method and Hertz 

pressure distribution method respectively, and the vertical displacement is respectively: 
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Where *E  is the equivalent modulus. 

M. Zhang et al. / Research on the Motion Mechanism of Polishing Machine792



Therefore, the pressure distribution based on the superposition principle and the 

vertical displacement is: 
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Order Formula (1) is equal to formula (2), if: 
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12� is the relative surface energy density of the cement mortar and the plate 

material, and 
2112 2 ��� �  and 

1�  is the surface energy density of the plate material 

steel, and 
2�  is the surface energy density of the cement mortar.On the total energy 

equation of the contact radius: 
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Therefore, the final normal adhesion force AF : 

A 12

3

2
F R� �� �                                                  (5)         

 The simplified tangential contact force is: 

3
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                                               (6) 

Finally, the size of the tangential contact force �F  of the single wipe plate of the 

polishing machine is the same direction as the speed of the wipe disc v , that is, the 

tangential contact force is the driving gain force. 

3. Study on the Dynamics of the Polishing Machine 
3.1. Linear Dynamics 

It is known that the mass of the polishing machine is m  and evenly distributed on the 

left and right plate, with the inner and outer diameter of the plate 
21 RR . In the stop 

state, the polishing machine wiping plate is subjected to the squeeze pressure of the 

cement mortar G  and the normal adhesion AF  to produce the deformation. In the 

equilibrium state, the polishing machine moves the deflection t� , that is,: 
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� �2 2 2 2

t 0 1 2

1

4
R R �� � � � 	                                                 (7)

The deformation depth � of cement mortar from ),( �rP to the center of mass 

point 
2O on the bottom surface of the left plaster plate is:

1 1 1 1 2 2 2 2cos cosr r� � � � � �� �                                    (8)

The normal compressive stress distribution of the contact point ),( �rP at the 

bottom surface of the wipe plate can be further obtained as follows:

� � � �1 1t 1 2 2t 2P Pk k� � � �� � 	 � � 	                                    (9)

Thus, the velocity of the contact point ),( �rP can be summed by the forward 

velocity v   and the tangential velocity �v :
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Further simplified, the projection results of the total friction  F
�

on the X and Y
axes are as follows:
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� is the dynamic friction factor between the plate and cement mortar.In formula:
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The same goes for D2 and E2.According to the result of Equation (12), the 

calculation result of the total friction applied on the right plate is equal to the total 

friction force on the left plate, namely:

                                    YYXX FFFF 2121 ,0
����

���                                                     (13)

Therefore, the polishing machine does not synthesize friction in the X axis 

direction, but produces synthetic friction in the  Y axis direction 
fyF :

y 1 12 2fF Dv E� � 	                                                             (14)
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Further, the driving force 
mF  and the driving moment 

mT  of the polishing machine 

are deduced. As the friction force and the tangential contact force are equal and in 

direction, the combined torque cancel each other and the driving moment 0m �T , and 

the driving force 
mF  is the resultant force of the friction force 

fyF  and the tangential 

contact force �F , namely: 

m yfF F F�� 	                                                  (15) 

The extrusion stress 
NF can be determined as: 

)(2 2

1

2

21 RRkF tN ��� �                                                  (16)               

The tangential contact force �F   is inserted (18), and the final driving force mF  : 

�FEHHvDFm 	�	�� 11 2,2                                       (17) 

From equation (17), it is known that the polishing machine accelerates in the Y -

axis direction, and the size of the driving force 
mF  decreases with the increase of the 

velocity v . When the force decreases and eventually reaches zero, the polishing 

machine speed also increases until it reaches the saturation speed sv , namely: 
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As can be obtained by equation (18), the saturation speed sv  of the motion of the 

straight line is only related to the rotation speed �  of the disc and the inclination �  of 

the disc. When the angular velocity is constant, the saturation velocity sv  is 

proportional to the inclination � ; when the dip is constant, the saturation velocity sv  is 

proportional to the angular velocity � . 

4. Simulation Validation 

Polishing machine is between Simulink and Adams in the form of data flow 

implementation joint simulation, first in the UG software finish polishing machine 

geometric three-dimensional and conversion format import Adams software, then add 

joint constraint, setting drive, concrete contact force, finally the virtual prototype of 

polishing machine into mechanical system module, and import the Simulink 

environment and the mathematical model established comparison verification system 

[12]. Package the motion mathematical model and the mechanical system of the 

polishing machine respectively through the subsystem module [13-14]. 
In the comparison and verification system of the polishing machine, the linear 

motion, rotation motion and arc motion of the polishing machine are simulated and 
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compared by adjusting the angular speed and inclination parameters of the polishing 

disc.  Under the motion condition, the simulation time is 10s, the step length is 0.01s,

set �� ��� 21 ww , �� �� -33 21 �� in a straight line, arc motion setting 

�� ��� 21 ww , �� �� -3-1.5 21 �� , running the Simulink comparison and verification 

system. The signal obtains the position regularity curve and the velocity characteristic 

curve through the mechanical system and the theoretical model.

    

               a)  Comparison curve of rotation angle, angular velocity and linear velocity      

   

b) Comparcurves of X and Y axis displacement and path        

Figure 4. Curcurve of arc motion.

Analysis figure 4, we know that the polishing machine follows the following 

motion change state: mathematical model and mechanical system in the simulation 

time st 4~0� and st 1.7~0�   respectively. The instantaneous angular velocity c�
increases with the driving moment and the linear velocity cv increases with the driving 

force. The polishing machine makes the driving moment mT and the tangential driving 

force �mF decrease in the centripetal force with time while the centripetal force maF
increases with time. When st 4� and st 1.7� , the driving force 

1mF and 
2mF reduced 

to the value equal to the tangential contact force 
�F , the driving torque 

mT and the 

tangential driving force �mF reduced to zero, and the centripetal force maF increases 

with the instantaneous angular speed to saturation, reach a constant saturation speed 

smsmvs /4.6/1.6 ��� and a constant saturation speed sradss /79.0/rad72.0 ���� , 

after which the polishing machine will keep the saturation speed and angular velocity, 

around the center of rotation mRZ 0.6� around the radius of rotation cO .Observe the 

motion curve of the polishing machine, the speed and angular speed of the polishing 

are gentle, and the motion direction is the expected direction, which basically conforms 

to the process law of the rotation arc motion of the polishing machine.
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5. Conclusion 

In this paper, the adhesive contact force and the disc driving force are obtained by 

tribology. Analysis the motion of the polishing machine line and arc, and according to 

the mathematical model and the numerical results of the mechanical system, the 

numerical results of the polishing machine and the simulation of Adams mechanical 

system have corresponding offset, but the parameters change trend of the basic 

consistent, are within the reasonable range of the actual movement of the polishing 

machine, and the polishing machine movement curve also conforms to the expected 

movement mode. It therefore proves the correctness of the dynamics and kinematic 

modeling of the polishing machine in two motion modes. The theoretical results 

obtained in this paper can provide an important reference for the optimization design of 

system parameters and guide the field construction. 
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