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ABSTRACT – Stirred up by a quest for higher energy 

efficiency, there is an evident trend of lubricant film 

thinning in recent decades. As a result, an impact of a 

surface roughness on the contact performance in machine 

components is increasing steadily. Surface roughness 

influences film thickness, pressure distribution and 

friction produced by an EHL contact. It is well known 

that simple approach how to deal with roughness is often 

not sufficient due to roughness deformation and 

roughness influence on film thickness. Therefore, it is 

important to get know more about effects connected with 

specific character of surface features inside the contact. 

This study presents an overview of recent film thickness 

experiments showing phenomena connected with several 

kinds of roughness features. Specific focus is given to its 

magnitude of deformation and affected film thickness to 

give a better image of real surfaces separation.  

 

1. INTRODUCTION 

A pioneering work on film thickness experiments 

with several kinds of roughness features has been given 

by Wedeven and Cusano [1,2]. Since early nineties, it was 

well recognised a key importance of model roughness 

features examination. Model features provide a chance to 

obtain an EHL contact responds to isolated and well 

defined surface structure [3-7]. Several configurations of 

transverse, longitudinal, 1D or 2D ridges have been 

studied. Besides ridges other kinds of surface features are 

important like the indentations [8-11] and grooves [12-

14]. It was shown that indentations can lead to film 

thickness enhancement in some cases while transverse 

grooves wider than contact zone can cause a film 

breakdown. 

In this contribution, the effect of three different 

surface features (ridge, indentation and groove) on the 

roughness deformation and film thickness is presented. 

Both effects can be included in actual film parameter and 

the values compared to values given by standard 

definition. 

 

2. MATERIAL AND METHODS 

Film thickness measurements were carried out on 

ball-on-disc optical tribometer using thin film 

colorimetric interferometry [15]. The passage of the 

roughness features through a contact was recorded by a 

high-speed camera. A glass disc and a bearing steel ball 

were used. The ridge was made of chromium by 

sputtering technique. The indentation and the groove 

were produced mechanically by Rockwell diamond 

indenter on the steel ball. The plastically build-up 

material on edges was removed by diamond paste 

polishing. Dimensions of the features are listed in Table 

1. Rq roughness parameter was calculated with 

assumption of one roughness feature in a domain of the 

tested contact zone. A mineral base oil of 0.356 Pa·s 

viscosity at 25°C was used as a lubricant.  

 

Table 1 Dimensions of roughness features. 

Roughness 

feature 
Width 

Height 

(depth) 

Rq 

(initial) 

Ridge 40 µm 0.2 µm 0.1 µm 

Indentation 40 µm 0.35 µm 0.17 µm 

Groove 40 µm 0.55 µm 0.21 µm 

 

3. RESULTS AND DISCUSSION 

Film thickness was measured at 25°C, 0.6 GPa, 

slide/roll ratio of 1 (smooth surface is faster than rough 

surface) and mean speed producing approx. the same 

smooth central film thickness of 110 nm. Interferograms 

showing a distribution of film thickness in contact zone 

are shown in Fig. 1. It can be seen that the ridge is 

subjected to substantial deformation, the indentation is 

deformed only slightly while has medium effect on film 

thickness. Finally, the groove leads to almost no 

deformation and has a significant influence on film 

thickness causing film breakdown downstream of a 

lubricant flow.  

 

 
Figure 1 In-contact effect of different roughness 

features. 

 

Typical magnitudes of deformation and film 

thickness influence are plotted in Fig. 2. It is possible to 

express modified film parameter by incorporating 

modified Rq and hmin and compare this definition of film 

parameter to standard definition. This will be further 

extended and discussed in full contribution. It will be 

shown that depending on dominant character of 

roughness features in real rough surface the contact can 

diverge to mixed lubrication for lower of higher speeds 

despite the initial Rq of surface roughness is the same. 
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Figure 2 Magnitudes of roughness features effects. 

 

4. CONCLUSION 

Film thickness distribution for three different 

roughness features are shown in elastohydrodynamic 

contact by interferometry measurements. Different 

character of roughness plays a significant role on the 

magnitude of roughness deformation and roughness 

influence on film thickness. It was concluded that it is 

important not only to evaluate Rq parameter, but also 

consider what kind of features are the most frequent on a 

surface. 
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