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The effect of surface texturing on fluid - boundary lubrication conditions has been widely studied. However, 
detailed mechanism of texture-induced friction reduction has not been fully understood, and optimal texture 
structure for tribology has yet to be proposed. The purpose of this study is to elucidate the effect of surface 
texturing on friction via accurate in-situ observation of thickness of lubricant film. 
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1. Introduction 

Surface texturing on a contact area is a known approach 
to improve tribology properties. For example, in the fluid 
lubrication condition, fluid dynamic pressure is 
generated at the surface textured area, which increases 
the thickness of the lubricant film and thus reduces 
friction, while in the mixed lubrication condition, a film 
of oil is formed on the contact area and the contact is 
relieved, resulting in friction reduction effect. In addition, 
in boundary lubrication conditions, the lubricant  
accumulated in the surface textured groove is supplied to 
the sliding part, which reduces the friction [1].  However, 
the mechanism of texture-induced friction reduction has 
not been fully understood, and the optimal texture has yet 
to be proposed. In order to reveal the detail of lubricant 
behavior, accurate in-situ measurement of lubricant film 
thickness under lubricating condition is desired.  
White light spectroscopy is a method to measure a film 
thickness based on the relationship between intensity and 
wavelength of interference light from a white light source, 
which is spectrally resolved by a spectroscope [2]. This 
measurement method enables accurate detection of 
thickness of lubricant film with a resolution of 0.5 nm 
and a measurable range of 1 - 500 nm, by finding the 
wavelength of maximum intensity from the optical 
intensity spectrum. In this study, we aim to elucidate the 
effect of surface texturing on lubricant film thickness by 
in-situ observation. 

2. Experimental apparatus and methods 

We developed a ball-on-disk tribotester equipped with 
white light spectroscopy system. The schematic diagram 
of tribotester part of the apparatus is shown in Fig. 1. The 
ball is made of AISI 52100 bearing steel and the disk is 
made of BK7 glass disk coated with a deposited 500 nm 
of SiO2 layer and 7 nm of chromium intermediate layer 
so that the thickness of the lubricant film can be 
accurately measured by white light spectroscopy. In this 
tribotester, the ball and the disk are independently 
controlled by motors. The white light interferometry 
image at a contact area of the ball and the disk can be 
taken by a hyper-spectral camera through microscope 
unit mounted above the contact area. This apparatus 
enables to obtain the white light interferometry images 
by line scan in the direction along the axis of the ball 

during a friction test. The thickness of lubrication film 
can be calculated from the interferometry image using 
white light spectroscopy method. Figure 2 shows an 
example of time dependent change in film thickness of 
PAO 4 at the contact area between non-textured ball and 
disk.  

In the presentation, we are going to discuss the effect 
of surface texturing on tribological properties based on 
the time-dependent change in thickness of lubricant film. 

 

 
Figure 1: Schematic diagram of Ball-on-disk tribotester 

 

 
Figure 2: Film thickness of PAO 4 at a load of 10 N and 
a sliding speed of 0.6 m/s with SRR ratio 0.86  (Red 
dotted line shows contact area between a ball and a disk) 
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