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INTRO

Wear is a process that involves the material loss or displacement from its "derivative" and original
position on a solid surface caused by the action of another surface. It widely takes place in a variety
of industrial applications, such as bearing, machinery, automobiles and many other. Wear
mechanism has a complex nature and it can be influenced by many factors, including the
mechanical properties, chemical bonds, surface quality, etc. of the materials involved.

Pin-on-disc tribometer, consisting of a stationary "pin" under an applied load in contact with a
rotating disc, is one of the most extensively applied techniques for sliding wear measurements. It
can simulate the tribological behavior of the tested material and record the evolution of the wear
track depth and coefficient of friction during the wear process. The detailed laboratory procedure
of using a pin-on-disc apparatus is described in ASTM G99 Standard.

With the capacity of controlling and measuring the depth and load at the same time, Nanovea
Mechanical Tester not only provides quantifiable and reliable measurement of the wear depth
evolution during wear like conventional pin-on-disc tribometers, but also records the initial
penetration depth of the pin in the loading process before the wear process starts. This allows users
to get more insights into the different stages and factors that determines the wear mechanism.

MEASUREMENT OBJECTIVE

The wear process of a metal sample (Cu 110) and a polymer sample (Teflon) is simulated in a
controlled and monitored manner using the Nanovea Mechanical Tester. In this study, we would
like to showcase that the capacity of controlling and measuring the load and depth makes
Nanovea Mechanical Tester an ideal tool for wear analysis.

Fig. 1: Wear test setup on Nanovea Mechanical Tester.



MEASUREMENT PRINCIPLE

PIN-ON-DISC TEST PRINCIPLE

The sample is mounted on a rotating stage, while a known force is applied on a pin, or ball, in
contact with the sample surface to create the wear. The pin-on-disc test is generally used as a
comparative test to study the tribological properties of the materials. The evolution of the COF is
recorded. The volume lost allows calculating the wear rate of the material. The penetration depth
of the pin into the tested sample is monitored in situ by axial chromatism technique whose
principle will be introduced in the following session. Since the action performed on all samples is
identical, the wear rate can be used as a quantitative comparative value for wear resistance.
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Fig. 2: Schematic of the pin-on-disc test.
PRFOILOMETER 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.



Fig. 3: Schematic of axial chromatism technique.

Nanovea optical pens have zero influence from sample reflectivity. Variations require no sample
preparation and have advanced ability to measure high surface angles. Capable of large Z
measurement ranges. Measure any material: transparent or opaque, specular or diffusive,
polished or rough.

TEST PROCEDURE

SAMPLE DISCRIPTION

A metal sample (Cu 110) and a polymer sample (Teflon) are selected for the pin-on-disc test by
Nanovea Mechanical Tester as examples to showcase the capacity of the instrument for
tribological testings on different materials.

WEAR TEST

Nanovea Mechanical Tester was used to evaluate the wear behavior of the tested materials. A WC
ball tip (3 mm dia.) was applied against the tested sample as illustrated in Fig. 4. As the tip slowly
approaches to the sample surface controlled by the Z-motor, the displacement of the tip is
measured in situ by an optical pen using axial chromatism technique. The height at the initial
contact of the tip to the sample surface at a very small load close to 0 N is the Contact Depth,
where there is no deformation of the material under the ball. When the ball continues to penetrate
into the tested material and finally reaches the desired load (15 N for Cu 110 and 3 N for Teflon),
the depth, d, at this point is considered as the initial penetration depth of the ball.



Fig. 4: lllustration of the ball pin on the tested material.

The wear test begins when the desired load is obtained. The evolution of the penetration depth
of the ball tip is recorded in situ. One of the most significant issues of penetration depth
measurements is the sample surface features or possible surface unevenness introduced during
sample fixing, which can cause substantial fluctuation in the penetration depth curve as shownin
Fig. 5a. Nanovea Mechanical Tester and Nanovea Tribometer Softwares provide a filtering
function that allows users to select the penetration depth reading in a fixed region on the disc as
highlighted in Fig. 5b, and significantly reduce the noise in the data presentation.
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(b) After Filtering:
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Fig. 5: lllustration of Fixed-Cycle Filtering function.

The test parameters are summarized in Table 1. The wear rate, K, was evaluated using the formula
K=V/(Fxs)=A/(Fxn), where V is the worn volume, F is the normal load, s is the sliding distance, A is
the cross-sectional area of the wear track, and n is the number of revolution. Wear track profiles
were evaluated by the Nanovea Optical Profilometer.

Test parameters Value

Normal force 15 N for Cu 110and 3 N for Teflon
Wear track radius 5mm

Speed 60 rpm

Duration of test 5 min

Table 1: Test parameters of the pin-on-disk measurement.

RESULTS AND DISCUSSION

The initial penetration depth before the beginning of the wear process is 2.7 and 24 um, for Cu
110 and Teflon, respectively, as provided by the software, in agreement with the load-
displacement curve measured later using the same tip (WC ball, 3 mm dia.) as shown in Fig. 6. The
change of the penetration depth during the wear and indentation tests are summarized in Table
2.
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Fig. 6: Load-displacement curves of Cu 110 and Teflon by 3 mm dia. WC ball indenter.

The evolution of the penetration depth of the ball pin was recorded during the wear tests as
shown in Fig. 7. Samples Cu 110 and Teflon exhibit a higher wear rate in the early run-in period in
first one minute. As the wear process progresses, the ball gets accommodated in the tested
material and the wear rate becomes relatively stable, reflected in Fig. 7 by the approximate linear
increase of penetration depth as a function of time. The total increase of the penetration depths
of Cu 110 and Teflon at the end of the tests are ~5.5 and 6.5 um, respectively.

Fig. -disc

_on_









