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INTRODUCTION
The Linear Variable Diﬀeren�al Transformer (LVDT) is a type of robust
electrical transformer used to measure linear displacement. It has
been widely used in a variety of industrial applica�ons, including
power turbines, hydraulics, automa�on, aircra�, satellites, nuclear
reactors, and many others1.
In this study, we feature the add-ons of LVDT and high temperature
modules of the NANOVEA Tribometer which allow the change of
wear track depth of the tested sample to be measured during the
wear process at elevated temperatures. This enables users to
correlate diﬀerent stages of wear process with the evolu�on of COF,
which is cri�cal in improving fundamental understanding of the wear
mechanism and tribological characteris�cs of the materials for high
temperature applica�ons.

MEASUREMENT
OBJECTIVE
In this study. we would like to showcase the capacity of
NANOVEA T50 Tribometer for in-situ monitoring
the evolution of the wear process of materials
at elevated temperatures.
The wear process of the alumina silicate ceramic
at diﬀerent temperatures is simulated
in a controlled and monitored manner.

T50

TEST PROCEDURE
The tribological behavior, e. g. coeﬃcient of fric�on, COF, and wear resistance of alumina silicate ceramic plates was evaluated by
the NANOVEA Tribometer. The alumina silicate ceramic plate was heated up by a furnace from room temperature, RT, to elevated
temperatures (400°C and 800°C), followed by the wear tests at such temperatures. For comparison, the wear tests were carried
out when the sample cooled down from 800°C to 400°C and then to room temperature. An AI2O3 ball �p (6mm dia., Grade 100)
was applied against the tested samples. The COF, wear depth and temperature were monitored in-situ.

TEST PARAMETERS
of the pin-on-disk measurement

NORMAL FORCE ................................................................... 3 N
SPEED ........................................................................... 5 m/min
DURATION OF TEST ................................................... 500 cycles
ROTATIONAL SPEED ...... Adjusted according to change of radii
* SAMPLE
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-sec�onal area of the wear track, and n is the number of revolu�on. Surface roughness and wear
track proﬁles were evaluated by the NANOVEA Op�cal Proﬁler, and the wear track morphology was examined using an op�cal
microscope.

RESULTS & DISCUSSION
The COF and wear track depth recorded in-situ are shown in FIGURE 1 and FIGURE 2, respec�vely. In FIGURE 1, “-I” indicates the
test performed when the temperature was increased from RT to an elevated temperature. “-D” represents the temperature
decreased from a higher temperature of 800°C.
As shown in FIGURE 1, the samples tested at diﬀerent temperatures exhibit a comparable COF of ~0.6 throughout the measurements. Such a high COF leads to an accelerated wear process which creates a substan�al amount of debris. The wear track depth
was monitored during the wear tests by LVDT as shown in FIGURE 2. The tests performed at room temperature before sample
hea�ng up and a�er sample cooling down show that the alumina silicate ceramic plate exhibits a progressive wear process at RT,
the wear track depth gradually increases throughout the wear test to ~170 and ~150 μm, respec�vely. In comparison, the wear
tests at elevated temperatures (400°C and 800°C) exhibit a diﬀerent wear behavior - the wear track depth increases promptly at
the beginning of the wear process, and it slows down as the test con�nues. The wear track depths for tests performed at temperatures 400°C-I, 800°C and 400°C-D are ~140, ~350 and ~210 μm, respec�vely.

FIGURE 1 Coeﬃcient of Friction during pin-on-desk
Tests at diﬀerent temperatures

FIGURE 2 Evolution of wear track depth of the alumina
silicate ceramic plate at diﬀerent temperatures

The average wear rate and wear track depth of the alumina silicate ceramic plates at diﬀerent temperatures were measured using
NANOVEA Op�cal Proﬁler as summarized in FIGURE 3. The wear track depth is in agreement with that recorded using LVDT. The
alumina silicate ceramic plate shows a substan�ally increased wear rate of ~0.5 mm3/Nm at 800°C, compared to the wear rates
below 0.2mm3/N at temperatures below 400°C. The alumina silicate ceramic plate does not exhibit signiﬁcantly enhanced
mechanical/tribological proper�es a�er the short hea�ng process, possessing a comparable wear rate before and a�er the heat
treatment.
Alumina silicate ceramic, also knows as lava and wonderstone, is so� and machinable before hea�ng treatment. A long process of
ﬁring at elevated temperatures up to 1093°C can substan�ally enhance its hardness and strength, a�er which diamond machining
is required2. Such a unique characteris�c makes alumina silicate ceramic an ideal material for sculpture.
In this study, we show that heat treatment at a lower temperature that the one required for ﬁring (800°C vs 1093°C) in a short
�me does not improve the mechanical and tribological characteris�cs of alumina silicate ceramic, making proper ﬁring an essen�al process for this material before its usage in the real applica�ons.

FIGURE 3 Wear rate and wear track depth of the sample
at diﬀerent temperatures

CONCLUSION
Based on the comprehensive tribological analysis in this study, we show that the alumina silicate ceramic
plate exhibits comparable coeﬃcient of fric�on at diﬀerent temperatures from room temperature to 800°C.
However, it shows a substan�ally increased wear rate of ~0.5 mm3/Nm at 800°C, demonstra�ng the importance
of proper heat treatment of this ceramic.

NANOVEA Tribometers are capable of evalua�ng the tribological proper�es of materials for applica�ons at high temperatures
up to 1000°C. The func�on of in-situ COF and wear track depth measurements allows users to correlate diﬀerent stages of wear
process with the evolu�on of COF, which is cri�cal in improving fundamental understanding of the wear mechanism and
tribological characteris�cs of the materials used at elevated temperatures.
NANOVEA Tribometers oﬀer precise and repeatable wear and fric�on tes�ng
using ISO and ASTM compliant rota�ve and linear modes, with op�onal high
temperature wear, lubrica�on and tribo-corrosion modules available in one
pre-integrated system. NANOVEA’s unmatched range
is an ideal solu�on for determining the full range of
tribological proper�es of thin or thick, so� or hard
coa�ngs, ﬁlms and substrates.
Op�onal 3D Non-Contact Proﬁlers are available
for high resolu�on 3D imaging of wear tracks
in addi�on to other surface measurements
such as roughness.

1 https://en.wikipedia.org/wiki/Linear_variable_diﬀerential_transformer
2 https://www.mcmaster.com/8477kac
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