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ABSTRACT 

To prevent the occurrence of wear and the increase in friction in case of lubricant starvation between two surfaces in 

contact, this study demonstrates experimentally the possibility to create oil feeding in the high pressure zone, by 

controlling the micro-topography of the surfaces. Thanks to a femtosecond laser, micro-cavities are generated on the 

surface and locally increase the lubricant film thickness. 

 

1. Introduction 

The ability of a fluid to separate two surfaces in 

contact under severe mechanical conditions is 

outstanding. However, the persistence of this protective 

film will be challenged in case of inadequate contact 

feeding in lubricant, that is to say when starvation 

occurs. Although various experimental 1,2 and 

numerical 3 studies have focused on starvation and 

replenishment mechanisms under stationary conditions, 

only little work has taken into account transient 

conditions. 

The goal of this paper is to evaluate the contribution 

of a laser micro-textured surface to maintain a 

lubricating film and to prevent wear. We also analyze 

the onset of partial starvation based on an effective 

feeding volume in the convergent zone. The 

consumption of this volume leads to severe starvation 

regime. 

 

2. Experimental 

In this context, starvation mechanisms in 

elastohydrodynamic regime were experimentally 

investigated in pure rolling, in rolling/sliding and also 

reciprocating conditions for fluid viscosity ranging from 

50 to 3000 mPa.s. Thanks to a ball/disk tribometer 4 

with an optical interferometric system, the convergent, 

contact and outlet zones are simultaneously visualized 

(see Figure 1), and the film thickness distribution and 

the friction force in the high pressure zone under 

controlled contact kinematics are measured.  

 

 

 
 

Fig.1 EHL contact. The air/lubricant meniscus is 

clearly visible in the inlet zone. The flow direction 

goes from right to left. 

 

Occurrence of starvation will be discussed in terms 

of film thickness, location of the air/lubricant meniscus 

and friction. 

 

3. Results and discussion 

Severe starvation occurs when an effective volume 

of lubricant in the convergent zone is consumed: the 

film thickness decreases and the friction force 

simultaneously increases. We show that starvation 

process is function of two time scales. For short time, 

inferior to 1s, the film thickness and the location LM of 

the air/lubricant meniscus are correlated as shown in 

Figure 2. For longer times, few hundreds of s, a 

progressive diminution of the film thickness down to 

few nanometers in the contact zone results from the 

lubricant deficit induced by the ratio leakage/flow rates. 

This decrease of the film thickness causes the 

occurrence of wear in the contact. In presence of a laser 

micro-textured surface, the shearing of the lubricant 

entrapped in the micro-geometries is able to provide a 

local increase of the film thickness, protecting the 

mating parts. The ability to diminish wear is governed 

by the density and the depth of micro-texturing. 

 

 
Fig.2 Correlation between the central film thickness 

hc and the location of the air/lubricant meniscus LM. 
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