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ABSTRACT – In their simplest form, Stribeck curves 

depict friction coefficient as a function of the relative 

sliding speed between two lubricated surfaces. In the 

current work, extended Stribeck curves, which also 

include the static friction regime, are applied to 

understand the behavior of different bio-tribological 

systems including cartilages, ophthalmic solutions, food 

and beverages, cosmetics, etc. The test methodology 

applied here emphasizes on the importance of obtaining 

tribological data in the static and extreme boundary 

regime, especially for bio-tribological applications. 

Furthermore, the study also showcases a strategy to 

correlate frictional behavior to select mouthfeel 

attributes with the help of statistical analysis. 

 

1. INTRODUCTION 

Extended Stribeck curves, as the name suggests, 

extend the Stribeck curve all the way to the static 

regime, wherein there is no macroscopic relative motion 

between the two mating surfaces, see Figure 1. These 

curves help us understand the evolution of friction at 

extremely low speeds and also provide us with 

information regarding the value of limiting friction of a 

given system, which corresponds to the friction at the 

breakaway or the point of onset of macroscopic relative 

motion. Limiting friction is the highest value of static 

friction, responsible for inhibition of relative motion 

between two surfaces. In order to realize such low 

speeds with macroscopic contacts, tests were conducted 

on an MCR Tribometer.  

 

 
Figure 1 Extended Stribeck curve of a chocolate spread.  

 

In order to elucidate the usefulness of these curves, 

tribological investigations were carried out on different 

biological systems such as foods and beverages, 

ophthalmic solutions, cartilage/synovial fluids, to name 

a few, to address real issues concerning each of these 

systems. For instance, these curves can be used to 

determine the ease with which skin creams spread on 

our skins, or the way food feels in our mouths during 

oral processing.  

One of the other important aspects of this study is 

also to present the effect of test parameters on the and 

address the concept of reproducibility of results in 

tribological tests, especially for soft contacts, such 

existing in bio-tribological applications. 

 

2. TEST METHODOLGOY 

The tests were carried out on an MCR Tribometer 

from Anton Paar with a Peltier-controlled setup 

(T-PTD200). A ball-on-three-pins setup shown in Figure 

2 was used for testing food and beverages, skin creams, 

and ophthalmic solutions. Here, a set of specimens for a 

single test comprised of three cylindrical 

polydimethylsiloxane (PDMS) pins measuring 6 mm in 

diameter and height, and a glass ball measuring 12.7 

mm in diameter. For the tests with cartilage/synovial 

fluid system, a customized setup was built, and porcine 

cartilages were used for the tests. Tests were also carried 

out with polyvinylalcohol (PVA) as a reference material. 

 

 
Figure 2 Ball-on-three-pins setup. 

 

2.1 Test profile 

The Stribeck tests carried out during the current 

investigations are comprised of three steps. In the first 

step, the measuring shaft is lowered until the ball comes 

into contact with the pins. The maximum load attained 

during this phase is restricted to 0.5 N in order to avoid 

shock loading or sudden impact on the surfaces. In the 

second step, the load is gradually increased until the 

normal force reaches the predetermined value of 1 N. 

The system is then held at the test load for 5 minutes. 

The stresses produced at the contact by the applied load 

are partially relaxed during this step. In the third step, 
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the rotational speed is increased logarithmically from 

10-9 to 0.5 m/s. This step is performed three times 

during each test without changing the sample and 

without breaking contact between the ball and the pins. 

In the 1st Run, the running-in characteristics of the 

system are observed. Herein, the mating surfaces 

conform to each other to the extent possible either by 

plastic deformation, or wear, or both. During the 2nd and 

3rd Runs, the friction behavior of the systems depends 

on the extent of running-in during the 1st Run, and also 

on the formation of reaction/adsorption/adhesion films 

at the mating interface. 

Additionally, breakaway torque measurements 

were carried out to determine the limiting torque of the 

system. Here, like in the extended Stribeck tests, after 

the test load is applied, the torque was logarithmically 

increased from 0.01 mNm to 100 mNm.  

 

3. RESULTS AND DISCUSSION 

In the current study, tribological data is presented 

in the form of extended Stribeck curves and emphasis is 

laid on the trends in different regions of the curves, 

rather than on numerical values of the friction 

coefficient. These results are also supplemented by 

breakaway torque measurements, wherein the sliding 

distance is plotted as a function of increasing torque. 

The following sub-sections contain basic and 

simple examples of the results from this study. The 

complex part would be detailed in the full-length paper 

which would follow. 

 

3.1 Food and beverages 

One of the simplest examples for food tribology is 

to distinguish the difference in the tribological 

behaviour of milk with respect to its fat content. Fig. 3 

presents a comparison of the extended Stribeck curves 

for three variations of milk, i.e., fat free, low fat, and 

whole milk. It is easy to demonstrate the effect of fat as 

a lubricant, especially in the extreme boundary regimes 

corresponding to low sliding speeds. However, there 

needs to be a deeper study in order to understand as to 

what exactly happens at the contact interface leading to 

the decrease in friction with increase in the fat content.  

 

 
Figure 3 Extended Stribeck curves from three milk 

samples with different fat content. 

 

 

This study further includes statistical analysis 

methodology which was used to correlate frictional 

behaviour of spreadable cheese to certain mouthfeel 

attributes. 

 

3.2 Ophthalmic solutions 

Fig. 4 presents the results from tribological tests 

with three different ophthalmic solutions. Here, 

Sample 1 has the highest frictional resistance in the 

entire speed range. Samples 2 and 3 behave similarly in 

the low speed range, up until a speed of 0.001 m/s, but 

thereafter, Sample 3 shows an increase in its frictional 

resistance. The average blinking speed of human eyes is 

between 10 and 220 mm/s [1]. In this particular speed 

range, the three samples show clear differences in their 

frictional behaviour. Such differences can stem from 

alterations in the formulation of the solutions, as in this 

particular case. 

 

 
Figure 4 Extended Stribeck curves from three different 

ophthalmic solutions. 

 

4. SUMMARY 

This study presents test methodology to obtain 

extended Stribeck curves for lubricated bio-tribological 

contacts. These curves offer extensive information about 

the behaviour of such systems, especially in the 

extremely low-speed regimes, wherein the surface 

aspects dominate. Although these tests are carried out at 

model scale, a correlation can be built based results 

from human sensory tests, which could also be used to 

build a model for the respective systems. 
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