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ABSTRACT – In this study, the tribological 

performance of tailored surfaces is investigated. The 

tailored surfaces are created by laser surface texturing. 

Two different laser structuring methods are applied, 

namely Direct Laser Writing and Direct Laser 

Interference Patterning. Simulations are run to elucidate 

transport processes of the lubricant. The objective is to 

understand the governing processes of the lubricant and 

its behavior in the deterministic surface structures. 

 

1. INTRODUCTION 

Laser surface texturing marks a possibility to create 

functional surfaces for different applications. In this 

study, it is applied to enhance the tribological 

performance. The objective is to reduce friction and wear 

for a lubricated tribosystem. On the experimental side, 

there are two methods applied for laser surface texturing, 

namely Direct Laser Writing (DLW) and Direct Laser 

Interference Patterning (DLIP). Furthermore, a 

tribosystem is evaluated applying a ball-on-disc 

tribometer. On the simulation side, an open-source tool 

for CFD simulations, OpenFOAM®, is applied to 

investigate lubrication transport processes. The phase-

field method, applicable to two-phase systems, enables 

us to make 3D simulations of the fluid inside the 

deterministic surface structures in order to investigate the 

governing processes. Conclusively, a relationship 

between lubrication and wetting is achieved. 

 

2. METHODOLOGY 

For laser surface texturing, two different methods 

are applied: DLW and DLIP. For DLW, a single laser 

beam is focused on to the working plane with a gaussian-

shaped intensity distribution. In contrast, for DLIP, the 

laser beam is split into two or more coherent beams that 

interfere with each other on the working plane. This 

allows a high-throughput fabrication of periodic surface 

patterns [1]. For the case of two beams, due to 

constructive and destructive interference of 

electromagnetic waves, the interference pattern is a line-

like one. One important property of DLIP is the 

comparably small size of the structures that can be 

achieved. Depending on the wavelength the period can 

be in the micro- and even sub-micro range [2]. In our 

case, the period of the pattern is in the range of 2 µm to 8 

µm. Aguilar et al. [3] describe the fabrication of the 

periodic structures on stainless steel.           

For the simulation, the so-called phase field method in 

OpenFOAM® is applied. Detailed information for this 

method can be found in Cai et al. [4]. One important 

property of this method is that it has a diffuse interface 

which allows the motion of the contact line in 

combination with a no-slip boundary condition at a solid 

wall via a diffusive mechanism induced by a chemical 

potential gradient [5]. 

 

3. RESULTS AND DISCUSSION 

In Figure 1, the two laser surface structures are 

shown. For the structures in a) and b) DLIP and DLW 

were applied, respectively. For a), the period is 2.6 µm 

and the aspect ratio (defined as the depth over the period) 

is 0.32. For b), the period is 100 µm and the aspect ratio 

is ~ 0.3. 

 

a)                              b) 

     

 

 

 

 

  

Figure 1 Laser textured surfaces created with a) DLIP 

and b) DLW. 

 

In Figure 2, Stribeck curves for the different 

structures and a polished reference are shown. The 

performance of the big structure created with DLW and 

the small structure created with DLIP is compared to a 

polished reference sample (Rz=0.2 µm). While the big 

structure has a higher coefficient of friction than the 

reference sample, in the case of the small structure for 

both low and high rotational speeds the coefficient of 

friction can be reduced significantly. 

 

 
Figure 2 Tribological performance depends on structure 

size. 
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However, if we analyze the structure after the 

tribotest with a laser scanning microscope (not shown) 

we find that the structures are at least partly erased. This 

leads to the conclusion, as the performance of the 

structured sample is still better than the polished one, that 

probably the lubricant transport to the tribocontact plays 

an important role. Therefore, in a second step, transport 

processes in small grooves are simulated applying phase 

field method in OpenFOAM®.  

Governing processes are e.g. capillary forces and 

Marangoni forces. For example, Yang et al. [6] 

investigate capillary-driven flow in open microchannels. 

They show that for a channel of the same depth, 

irrespective of the shape of the channel cross-section, the 

liquid flow is faster with decreasing channel width. 

Furthermore, Chen [7] investigates the penetration of a 

wetting liquid into open metallic grooves. In contrast to 

Yang et al. they tested three grooves with different depths 

but the same width. They show a good agreement of their 

measurements with the calculation from Washburn’s 

equation based on a modified diameter. In the study of 

Gruetzmacher et al. [8], the spreading dynamics of 

additive free synthetic polyalphaolefine oil on a polished 

reference sample are compared to laser patterned 

surfaces. They show an anisotropic spreading behavior 

with a higher spreading velocity parallel to the surface 

patterns compared to perpendicular to them. 

The objective of this study is to understand the 

governing transport processes of the oil towards the 

tribocontact. Figure 3 shows first simulation results with 

the phase field method. A droplet spreads on a flat surface 

where the final state of the spreading is shown for 

different static contact angles θ. 
 

initial droplet on flat surface              spreaded droplet with θ=45°  

spreaded droplet with θ=70°              spreaded droplet with θ=93°   
 

Figure 3 Droplet spreading on unstructured surface in 

2D. 

 

4. CONCLUSION 

This study shows the effect of laser textured 

surfaces on the tribological performance. Furthermore, it 

helps to understand the governing lubrication transport 

processes. Two different laser texturing methods were 

applied to design tailored surfaces. DLW was used to 

create comparably big structures whereas DLIP was used 

to create comparably small structures. Both structures 

were compared to a polished reference. While the 

coefficient of friction µ for the larger structure is higher 

than the one for the polished sample, the smaller structure 

shows a significantly lower coefficient of friction for all 

rotational speeds. In a second step, transport processes of 

the oil were simulated in OpenFOAM® with the phase 

field method in order to elucidate transport phenomena 

towards and inside the tribocontact. 
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