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Abstract — A precision tribometer consisting of a cantilever was designed to measure frictional forces in the
micro-Newton range. As frictional forces are measured based on the bending of the cantilever, vibration of the
cantilever is the most significant factor affecting the quality of the friction measurement. Therefore, improved
design of the tribometer with double cantilevers and a connecting plate that united the two cantilevers mechan-
ically was suggested. For the verification of the modified design of the tribometer, numerical analysis and exper-
iments were conducted. Examination using the finite element method revealed that the tribometer with a double
cantilever and a connecting plate exhibited faster damping characteristics than the tribometer with a single can-
tilever. In the experiment, effectiveness of the double cantilever and connecting plate for vibration reduction was
also confirmed. Vibration of the tribometer with double cantilever decreased eight times faster than that of the
tribometer with a single cantilever. The faster damping of the double cantilever design is attributed to the
mechanical interaction at the contacting surfaces between the cantilever and the connecting plate. Tribotesting
using the tribometer with a single cantilever resulted in random fluctuation of frictional forces due to the stick-
slip behavior. However, using the tribometer with a double cantilever and connecting plate for the tribotest gave
relatively uniform and steady measurement of frictional forces. Increased stiffness owing to using a double can-
tilever and mechanical damping of the connecting plate were responsible for the stable friction signal.

Keywords — precision tribometer( 2 v} A1 & 7]), cantilever(2] & 1)), vibration analysis( & &47), finite
element analysis(-f3F 2423l 4), Stick-slip(Z=E&H)
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Fig. 1. Schematic of (a) precision tribometer and (b)
ball-plate specimen.
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Fig. 2. Schematic of tribometer consisted of two parallel
cantilevers and connecting plate.
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Fig. 3. Schematic of models with (a) double cantilever
interlocked with connecting plate and (b) double cantilever
bonded with flat plate.
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Fig. 4. Image of simulation model consisted of double
cantilever and connecting plate.
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Fig. 5. Image of tribometer consisted of double cantilevers
and connecting plate.
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Fig. 6. Vibration of the tribometer with (a) single cantilever,
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and (c) double cantilevers bonded with flat plate measured
through numerical analysis.
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Fig. 9. Frictional force obtained using the tribometer
with (a) single cantilever and (b) double cantilevers and
connecting plate.
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Fig. 10. Summary of frictional force obtained using the
tribometers with single and double cantilevers.
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