
Proceedings of Asia International Conference on Tribology 2018, pp. 338-339, September 2018 

__________ 

© Malaysian Tribology Society 
 

The influence of the friction force on the sliding stability of controlled 
multibody systems - CNC machine tool 

Yunn-Lin Hwang1,*, Thi Na Ta2 

 
1) Department of Mechanical Design Engineering, National Formosa University, 

64, Wenhua Road, Huwei, Yunlin 63201, Taiwan. 
2) Institute of Mechanical and Electro-Mechanical Engineering, National Formosa University, 

64, Wenhua Road, Huwei, Yunlin 63201, Taiwan. 

   
*Corresponding e-mail: hwang@nfu.edu.tw 

 

Keywords: Friction force; contact force; CNC machine tool 

 

 

ABSTRACT – The effectiveness of a CNC machine to 

produce high precision parts is strongly related to the 

contouring accuracy of the individual axes. The motion 

accuracy of such machines is dependent on the stick-slip 

friction between the sliding bodies. The stick-slip 

phenomenon occurs due to the variation of the 

coefficient of friction with relative velocity of the 

sliding surfaces, especially in the region of zero speed. 

In this paper, a normal contact force and a stick-slip 

friction force model are explored. Then, computational 

simulations on a three axes CNC machine tool model 

with a pure PID controller are performed to illustrate the 

proposed method. Hence, the influence of the friction on 

the sliding stability of the controller and the motion 

accuracy of CNC machine tools are simulated and 

analyzed in this study. 

 

1. INTRODUCTION 

Friction has a significantly influence on the motion 

accuracy as well as the stable of controller of CNC 

machine tools. Originally, hard rail friction coefficient 

of the sliding surface of the machine is large. In order to 

avoid excessive wear, manufacturing companies usually 

groove on the rail track surfaces for lubricating oil so 

that the track surfaces of a layer film reduce a lot of 

friction. The dynamic-rigidity that uses the spring and 

damper components to set in normal direction and shear 

direction on contact surface has been used in many 

research papers [1-2]. A contact friction force model 

based on Coulomb friction model has also been widely 

used to analysis contact force between two moving 

bodies as previous study [3-4]. However, this friction 

force model could not describe the stick state because 

the relative velocity between two contacting bodies 

must be a non-zero value to generate the friction force. 

In order to solve this kind of problem, Cha et al. [5] 

proposed a stick-slip friction force model and the 

stiction deformation. This model is therefore applied to 

examine the influence of the friction characteristic on 

the stable of a PID controller that control the table of a 

CNC machine tool move along the saddle with a desired 

motion in this research.  

 

2. STICK-SLIP FRICTION FORCE MODEL 

A stick-slip friction model is shown in Figure 1. In 

this model, static friction coefficient (μs) is assumed to 

be the same as dynamic friction coefficient (μd), and 

static threshold velocity (νs) is equal to dynamic 

threshold velocity (νd). The dynamic behaviors of the 

stick-slip friction force model can be express as follows: 

f stiction slidingF F F= +    (1) 

where stiction and sliding forces are calculated by the 

following equation: 

( )( ) ( )sgn 1 ,stiction nF Fcc b m u c= - -   (2) 

( ) ( )sgnsliding nF Fuu m u= -    (3) 

Where μχ, μν and β are the friction coefficient for stiction 

force, friction coefficient for sliding force, weighting 

value of stiction friction force, respectively. These 

parameters are calculated by using step function as 

shown in Table 1. In the table, χ are stiction deformation 

and its maximum value (χmax) is the distance that the 

contact surfaces move from each other when the 

coefficient of friction transitions from a value of zero to 

the static coefficient of friction. 

 

 
Figure 1 Stick-slip friction force model. 

 

Table 1 Parameter for the stick-slip friction force model 

[6]. 
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3. NUMERICAL SIMULATION RESULTS 

In this research, we perform a numerical 

simulation to examine the influence of the friction force 

on the sliding stability of the CNC machine tool. Figure 

2 shows the table moving along the surface of the saddle 

with friction. A translational joint with and without 

friction force is created to translate the table along the 

horizontal direction. Then, a pure PID controller is 

designed to control the table follow the desired 

trajectory as shown in Figure 3. The relative velocity of 

the table to the saddle is shown in Figure 4. 

The vibration of the moving part caused by stick-

slip friction can reduce the accuracy of cutting process. 

Parameters of the stick-slip friction used in our 

numerical simulation model are shown in Table 2. In 

Figure 5, the displacement of the table along the saddle 

without friction effect has a small error with the desired 

value. The comparison of the input control force of the 

PID controller with and without stick-slip friction are 

shown in Figure 6.  

 

 
Figure 2 The table moving along the saddle with friction. 

 

 
Figure 3 Control block for a pure PID controller. 

 

 
Figure 4 The relative velocity of the table to the saddle. 

 

 
Figure 5 Displacement of the table without friction. 

Table 2 Numerical simulation model parameters. 

Parameters Value 

Contact damping coefficient (N.s/mm) 0.003 

Static friction coefficient 0.3 

Dynamic friction coefficient 0.3 

Absolute threshold velocity νt (mm/s) 1500 

Maximum stiction deformation χmax (mm) 1 

 

 
Figure 6 Input control force with and without friction. 

 

4. SUMMARY 

In this paper, a development on the friction force 

model which includes the stiction deformation to 

describe the stick state was explored. The influence of 

the stick-slip friction on the stable of the PID controller 

that control the table moving along the saddle of CNC 

machine tools with a desired trajectory was also 

evaluated. Hence, the quality of a machine tool in 

cutting process can be predicted by performing 

numerical simulation in this research. The motion 

accuracy that depends on the stable of the controller can 

be improved by adopting a suitable control strategy in 

the future work. 
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