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ABSTRACT – In recent years, laser surface texturing 

has been used to improve friction characteristics. It has 

been also reported that surface texturing generates 

friction anisotropy on the surface under boundary 

lubrication. The effect of surface texturing and friction 

anisotropy under boundary lubrication was investigated 

by cylinder-on-disk type sliding test. The sliding test was 

conducted in four different directions, parallel, thirty 

degrees, sixty degrees, and perpendicular to the direction 

of the surface texture. The experimental results were then 

compared with result of the continuous analysis of real 

contact area. 

 

1. INTRODUCTION 

To further reduce fuel consumption and emission of 

vehicles, continuously variable transmission (CVT) is 

commonly used in automobiles. CVT consists of a belt 

clamped between two pulleys, which enables continuous 

ratio change under load. CVT is capable of tracing engine 

operating range with high fuel efficiency, therefore 

reducing fuel consumption and emission [1]. However, 

efficiency of CVT itself can be improved [2]. Low 

friction can reduce loss when sliding belt in the radial 

direction of the pulley, but causes slip in the 

circumferential direction. In this study, relationship 

between surface texture and friction anisotropy was 

investigated to improve tribological properties of pulley 

surface. 

 

2. Experimental Details 

2.1 Friction test 

To investigate the effect of surface texture on 

friction anisotropy, three different types of texture 

surfaces were created on AISI52100 specimens. Sample 

A, B, C were given groove texture as shown in Figure 1. 

 

 
Figure 1 Textured specimen. 

Cylinder-on-disk type friction tests were conducted 

with Bowden-leben type friction tester. The sliding tests 

were performed in four different directions: parallel, 

thirty degrees, sixty degrees, perpendicular to the 

direction of the surface texture. Sliding was conducted 

500 times in each direction. 

 

2.2 Numerical analysis 

Continuous analysis of real contact area was 

conducted for all textured samples to investigate the 

mechanism of friction anisotropy by surface texturing. 

Real contact area of the textured specimen and the 

cylinder were calculated by commercial software 

(NewtonWorks, NewtonSuite-ASP-μ, JP) model using 3-

dimensional roughness parameters obtained by laser 

microscope (KEYENCE VK-X150, JP), as shown in 

Figure 2. For this analysis, focusing on contact at the 

center of the cylinder, contact count at every coordinate 

were calculated as the analysis is repeated in the sliding 

direction. 

 

 
Figure 2 Contact model. 

 

3. RESULTS AND DISCUSSION 

Figure 3 shows the results of the friction test. The 

plots represent average friction coefficient of the last 100 

cycles. The results show that the friction anisotropy was 

generated by all three texture patterns. However, friction 

anisotropy and friction coefficient differ from one texture 

pattern to the other. Sample A generated best friction 

anisotropy and lowest friction coefficient. Sample B 

generated similar friction anisotropy, but higher friction 

coefficient was observed than that of Sample A. This was 

caused by increase in sliding distance on the plateaus of 

the texture, which caused micro oil starvation. Sample C 

generated less friction anisotropy compared to the other 

two texture patterns. Shorter groove length of Sample C 

created more isotropic texture pattern, which decreased 

the anisotropy of friction coefficient. 
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Figure 3 Friction test result. 

 

To look further into this mechanism, Continuous 

analysis of real contact area was conducted. Figure 4 

represent analytical result for parallel direction. From 

Figure 4, increase in contact count can be observed. 

However, contact count significantly decreases in thirty 

degrees (see Figure 5). For sixty degrees and 

perpendicular directions (Figures 6 and 7), contact count 

gradually decreases as the sliding direction increases. 

From the result we can conclude that sliding distance on 

the plateaus of the texture decreases as the sliding 

direction increases. This decreases the possibility of oil 

starvation on the plateaus of texture and lead to low 

friction. 

Friction coefficient of the surface was calculated by 

taking average of friction force set for each contact count. 

A relationship between contact count and friction force 

was represented as a function, which was hypothesised 

from comparing analytical result and the experimental 

result. Friction coefficient calculated from numerical 

analysis is shown in Figure 8. Figure 8 shows similar 

friction anisotropy trend observed from the experimental 

result. This suggest the possibility that the generation of 

friction anisotropy by surface texturing can be predicted 

by numerical analysis. 

 

 
Figure 4 Analytical result for parallel direction 

for sample A. 

 

 
Figure 5 Analytical result for thirty degrees 

for sample A.

 
Figure 6 Analytical result for sixty degrees 

for sample A. 

 

 
Figure 7 Analytical result for perpendicular direction 

for sample A. 

 

 
Figure 8 Friction coefficient by numerical analysis. 

 

4. SUMMARY 

Friction anisotropy was generated by micro-oil 

starvation created by difference in the sliding distance on 

plateaus of the texture. Difference in the sliding distance 

was confirmed by continuous analysis of the real contact 

area. By comparing experimental and analytical results, 

novel approach for calculating friction anisotropy by 

surface texturing was proposed. 
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