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INTRODUCTION 

 
Eye drop solutions have many different applications ranging from contact cleaner, artificial tears for allergies 
to precipitation drops for eye infections.  The majority of eye drop solutions are sold without a prescriptions 
and are intended to provide the consumer relief from eye irritation.  Both the effectiveness and how the 
product feels in the customer’s eye determine which product they will want to purchase.       
 
 
EYE LUBRICATION CONCERNS 
 
A major concern for eye drop manufactures is how their product feels to there clients.  At one extreme it is 
undesirable to place a solution which is too oily or thick in your eye and at the other extreme it is just as 
undesirable to use a solution that is too thin.  The practical solution to this is to find the middle ground 
where a solution feels good to the consumer while performing its intended function.  
 
MEASUREMENT OBJECTIVE 

 
In this application, the Nanovea Tribometer (seen below) is used to measure the coefficient of friction 
between a 6mm alumina ball and a glass slide while eye drop solution is placed on the slide to act as 
lubrication. Four different solutions will be used to see what affect, if any, they have on the coefficient of 
friction between the ball and slide. This technique uses the pin-on-disk method to determine coefficient of 
friction. This test will only show how the different solutions affect coefficient of friction between the ball 
and slide and will not give the direct values for the coefficient of friction for each solution.  
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PIN on DISK TRIBOMETER (TRB) 
 
Principle of pin-on-disk measurements 
 

A flat or a sphere shaped indenter is loaded on to the test sample with a precisely 

known force. The indenter (a pin or a ball) is mounted on a stiff lever, designed as a frictionless 

force transducer. As the disk is rotated, resulting frictional forces acting between the pin and 

the disk are measured by very small deflections of the arm using a strain gage sensor. Wear 

coefficients for both the pin and sample are calculated from the volume of material lost during 

a specific friction run. This simple method facilitates the determination and study of friction 

and wear behavior of almost every solid state material combination, with varying time, contact 

pressure, velocity, temperature, humidity, lubrication, etc. 

 
 

Figure 1 : Schematic of a tribometer test 
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Figure 2 : Example of a friction curve in a tribometer test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Test procedure and conditions 
 

The instrument base is first leveled in the horizontal position by screwing or 

unscrewing the adjustable rubber pads at each corner. A ball-holder containing a 3 or 6 mm 

diameter ball is held in the load arm and placed at a height that allow the tribometer arm to 

be leveled horizontally when resting on the sample to ensure that normal load will be applied 

vertically. The arm is then balanced with counter weights to ensure that the arm and ball 

holder initially apply no force on the sample surface. Finally, weights corresponding to the 

load required for the test are finely placed on the arm over the ball holder. Through software, 

the test is then launched and the test is performed at a specified speed for a specified 

duration, and the frictional force is recorded over time. 
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Test conditions 
 
Test parameters 

 
Environmental conditions 

 
 

Figure 3 : Schematic of the contact on the sample 

 

Load 1 N 
Duration of test 3 min 
Rotational rate 200 rpm 
Radius of track 
Révolutions 

2 mm 
600 

Ball Diameter 6 mm 
Ball Material Alumina  

Lubricant A, B, C, D (respectively) 
Atmosphere Air 
Temperature 23°C (room) 
Humidity 35% 
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Ball holder 
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Results 
 
This section includes the following results: 

• Summary table of the main numerical results 
• Graphs of coefficient of friction over time 

 
 
 
Wear rate and coefficient of friction summary table  
 

 
(See following pages for individual sample summary) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Sample 

 
 

 
Average  

COF 
 

  
A 0.444  ±  0.004 

B 0.432  ±  0.002 

C 0.413  ±  0.004 

D 0.427  ±  0.002 
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Full results tables 

 
 
 

Figure 4 : Graph of coefficient of friction – Solution A 

 
 
 
 
 
 
 
 
 

 
Solution A 

 
 Average  

COF 
  

1 0.440 
2 0.448 
3 0.443 
 

Average 
 

0.444 
 

Standard deviation 
 

0.004 
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Figure 5 : Graph of coefficient of friction – Solution B 

 
 
 
 
 
 
 
 

 
Solution B 

 
 Average  

COF 
  

1 0.434 
2 0.432 
3 0.431 
  

Average 
 

0.432 

Standard deviation 0.002 
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Figure 6 : Graph of coefficient of friction – Solution C 
 

 
 
 
 
 
 
 
 

 
Solution C 

 
 Average  

COF 
  

1 0.412 
2 0.410 
3 0.417 
 

Average 
 

0.413 
 

Standard deviation 
 

0.004 
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Figure 7 : Graph of coefficient of friction – Solution D 

 
Conclusion 
 
The Nanovea Tribometer allowed for the coefficient of friction between a ceramic ball and a 
glass slide to be measured by performing the test through a pin-on-disk method. This was 
done in a controlled and repeatable fashion, which will allow the testing and comparing of 
several samples of eye drop solutions under identical conditions. The test parameters can be 
adjusted, such as reducing the load, to better simulate real-life applications. Two parameters, 
the rate the disk spun and the amount of solution added to each slide, did have an effect on 
the data. If the disk holding the glass slide spun too quickly there was too much centripetal 
force and the solution would not stay on the slide. If the amount of solution placed on the 
slide was too small there would not be enough solution to lubricate the ball. Either of these 
cases gave inconclusive data. In conclusion, the Nanovea Tribometer is a very effective way to 
compare solutions and there affect the coefficient of friction.  

 
Solution D 
 

 Average  
COF 

  
1 0.425 
2 0.428 
3 0.427 
 

Average 
 

0.427 
 

Standard deviation 
 

0.002 


