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ABSTRACT – In this study, we have observed the real 

contact area formed in the sliding interface between a 

rubber hemisphere and an optically transparent PMMA 

substrate with a model roughness. Through experiments 

using a newly developed tribotester, we found that the 

total value of the real contact area depends on the 

sliding velocity, V; more specifically, the total value of 

the real contact area, Areal, decreases as V is increased. 

 
1. INTRODUCTION 

In order to understand the mechanism of friction in 

soft materials such as rubber and gels, several studies 

have been performed in different fields. As is well 

known, the frictional force, F, acting on a piece of 

rubber consists of two different components, viz., the 

adhesion frictional force (Fad) and the hysteresis 

frictional force (Fhy) [1]. According to the adhesion 

theory of friction, Fad can be expressed as Fad = τAreal, 

where τ and Areal are the shear strength and total real 

contact area, respectively. Thus, F = Fad + Fhy = τAreal + 

Fhy. Additionally, Fhy also depends on Areal; Fhy increases 

with an increase in Areal since the bulk deformation 

region that determines the extent of energy dissipation 

during the sliding motion, increases with an increase in 

Areal. Thus, in order to understand the mechanism of 

friction in rubber, a direct measurement of Areal is the 

most effective approach. 

In this study, we have quantified Areal using a 

newly developed tribotester that can measure Areal 

between a rubber hemispherical slider and a polymethyl 

methacrylate (PMMA) substrate with a model 

roughness. Based on the experimental results, the 

sliding velocity (V) dependence of Areal under rough 

contact conditions was investigated. 

 

2. EXPERIMENTAL DETAILS 

Figure 1 shows representations of the front and 

side views of the experimental setup. Using this setup, 

one can directly observe the contact interface between a 

rubber hemisphere and a PMMA substrate using a total 

internal reflection optical system. The light beam in this 

system is represented as blue arrows in the side view of 

Figure 1. In the regions of real contact, the light beam is 

reflected at the interface between the rubber and PMMA 

surfaces with partial absorption. In contrast, in the 

noncontact regions, the light beam is fully reflected 

following the conditions of total internal reflection. 

Thus, the spatial distribution of the real contact area 

formed within an apparent contact area can be extracted 

from the intensity profile of the reflected light that is 

captured using a charge-coupled device camera. 

Some typical results obtained in this study with 

different normal loads, Fz, are also shown in Figure 1. It 

is evident that Areal gradually increases with an increase 

in Fz. In this study, all experiments were performed at 

room temperature under dry (no lubricant). 

Figure 2 shows the dimensions of the rubber and 

PMMA specimens. The PMMA surface has a model 

roughness, with a radius of curvature of the asperities, R 

= 0.5 mm, and the pitch between them, P = 0.7 mm. 

 

 
Figure 1 Schematic representation of the experimental 

setup, i.e., front and side views of apparatus, along with 

some typical results. Blue lines depicted in the side view 

mean the light beams of the reflective optical system. In 

typical results, real contact reasons are clearly seen as 

black area. 

 

 
Figure 2 Dimensions of rubber hemisphere specimen 

and PMMA substrate with surface roughness. 
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Figure 3 Typical experimental results: snapshots of the 

contact regions under different values of velocities from 

0 mm/s to 10 mm/s. 

 

 
Figure 4 Effect of sliding velocity on real contact ratio, 

and the illustrations of contact geometries at relatively 

low and high velocity conditions. 

 

3. RESULTS AND DISCUSSION 

Figure 3 shows snapshots of the contact region for 

different values of V. Keeping in mind that the dark 

regions correspond to Areal, it is evident that Areal 

decreases with an increase in V. 

The dependence of Areal on V, as observed in this 

study, is summarized in Figure 4, with the y-axis 

showing the normalized contact area Areal/A0, where A0 is 

the value of Areal when V = 0. Figure 4 also shows 

schematic representations illustrating the difference 

between macroscopic deformations! at the contact 

region for relatively small and large V.  In the 

illustration, the upper hemicycles correspond to the 

single asperity of the PMMA substrate shown in Figure 

2, and the lower deformed part means the surface of 

rubber specimen. As illustrated in Figure 4, for a 

relatively small V, a symmetrical contact, with the same 

extent of deformation at the leading and trailing edges, 

is formed. In contrast, for a large V, an asymmetrical 

contact, with a large deformation at the trailing edge 

caused by the hysteresis effect of the bulk rubber, is 

formed. This is the primary reason for determining the V 

dependence of Areal. We note here that, as already 

reported in [3], the V dependence of Areal is also 

observed in the case of contact between rubber and a 

flat substrate.   

 

4. SUMMARY 

An in situ observation of real contact area was 

demonstrated using a newly developed tribotester that 

has a sliding interface with a rubber hemisphere and a 

PMMA rough surface. Our experiments focusing on the 

sliding velocity (i.e., V) dependence of real contact area 

revealed that Areal decreases with an increase in V due to 

the asymmetry mode of contact deformation.  
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