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INTRO:  
 
Several industries face the problem of wear on parts in service. Virtually any part that is 
moving in service will be subject to wear at the contact point with other parts. The 
consequence of this wear is that parts need to be replaced, which costs money and causes 
downtime on the equipment. The ongoing challenge of engineers in these fields is to find, or 
design, materials that are the most wear resistant, in order to extend the life of the parts and 
reduce the frequency of part replacement. 
 
To study wear of the materials, we must simulate the process of wear in a controlled manner 
and study the effect on different samples with the same test conditions. One way to perform 
the wear is with a pin-on-disk test. In this test, the sample to study is mounted on a rotating 
stage and a pin, or ball, comes in contact with the sample surface, with a known force, to 
create the wear.  
 

            
 

Figure 1 : Nanovea Tribometer                                            Figure 2 : Nanovea ST400 
                    

 
In this test example, we are wearing a block of stainless steel and the static sample, which will 
be in contact with this surface, will be a 6mm diameter stainless steel ball. The tribometer will 
be performing the test and the ST-400 will be used to measure the effect of the wear test.  
 
With this type of test, we can perform controlled wear by having control of the sliding speed, 
the material and geometry of the contact point, the load applied, and the duration of the test. 
The ST-400 is able to precisely measure the magnitude of the wear and obtain quantitative 
results to allow for the comparison of different materials. 
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PIN-ON-DISK TEST METHOD:  
 
The pin-on-disk test is generally used as a comparative test in which controlled wear is 
performed on the samples to study. The volume lost allows calculating the wear rate of the 
material. Since the action performed on all samples is identical, the wear rate can be used as a 
quantitative comparative value for wear resistance. 
 

                                                              
 
PROFILOMETRY MEASUREMENT PRINCIPLE:  
 
The axial chromatism technique uses a white light source, where light passes through an 
objective lens with a high degree of chromatic aberration. The refractive index of the objective 
lens will vary in relation to the wavelength of the light. In effect, each separate wavelength of 
the incident white light will re-focus at a different distance from the lens (different height).  
When the measured sample is within the range of possible heights, a single monochromatic 
point will be focalized to form the image. Due to the confocal configuration of the system, 
only the focused wavelength will pass through the spatial filter with high efficiency, thus 
causing all other wavelengths to be out of focus. 
 

 
 
The spectral analysis is done using a diffraction grating. This technique deviates each 
wavelength at a different position, intercepting a line of CCD, which in turn indicates the 
position of the maximum intensity and allows direct correspondence to the Z height position. 
 

Adjustable weights 
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PIN-ON-DISK TEST RESULTS:  
 
For the pin-on-disk test, the following parameters are used: 
 

Force applied 40.0 N 
Speed of rotation 300.0 RPM 
Radius of wear track 5.00mm 
Duration of test 30.0 minutes 
Total disk rotations 9000.0 
Slide distance 282.6m 

 
 
The following graph shows the recorded coefficient of friction between the pin and the 
sample over the course of the test: 
 
 

 
 

Figure 5 : Coefficient of friction over time during test 
 
 
With this test data, the software calculated an average coefficient of friction of 0.572. In some 
applications, only the coefficient of friction data is needed. The friction readings can slope or 
step up when a coating is worn though and a substrate with higher friction is uncovered, or 
when a specific type of energetic failure occurs (crumbling, collapsing, etc.). Often, the goal of 
the test will be to see how many cycles are needed to reach this failure. In this case, the friction 
data is enough to evaluate wear resistance. The friction data is also sometimes used on its own 
when the goal of the test is to measure friction between materials. 
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PROFILOMETRY MEASUREMENT RESULTS:  
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Figure 6 : False color surface height representation 
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Figure 7 : 2-D cross-sectional profile of wear track 

 
 
From the profile shown in figure 7, the maximum depth of the wear track is 213µm and the 
area of the red-shaded region is 0.328mm2. For more precise results, we can measure these 
values from the complete wear track area. From the wear track, we measure a material volume 
loss of 8.589mm3, a mean wear track depth of 227µm, and a wear track surface area of 
66.66mm2. From these profilometry results and the test parameters used, we can calculate a 
wear rate of 7.598x10-4mm3/Nm. 
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CONCLUSION: 
 
By using both the Nanovea Tribometer and the Nanovea ST400, we were able to calculate the 
wear rate of a chosen material. The tribometer allowed performing wear through a pin-on-disk 
test in a controlled and repeatable fashion, which will allow testing and comparing of several 
samples under identical conditions. The ST400 measured the topography of the sample 
surface to accurately calculate the volume lost and, consequently, the wear rate of the 
material. The test parameters can be adjusted and modules can be added to better simulate 
real-life wear applications. Different materials and geometries can be used as static samples: 
different size pins, balls, or other custom shapes and sizes. The tribometer can perform wear in 
a circular or back-and-forth linear motion. The test can be performed at elevated temperatures 
or under lubrication. The applied load can go up to 60N, and rotation speeds up to 500rpm 
(custom instruments with higher loads and speeds also possible). In conclusion, the combined 
use of both the Nanovea Tribometer and ST400 is a very effective way to evaluate wear 
resistance of materials. 


