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An optical fluorescence spectrometry method is being implemented on a tribometer, to develop a new contact-
less in situ temperature measurement for sliding contact. The instrumented tribometer is first validated under 
static contact conditions at various pressure and temperature. Then it will allow to visualize heating in a metallic 
glass under friction, with unequalled spatial (about micrometer) and temporal (about nanosecond) resolutions.  
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1. Introduction 

Amorphous metal alloys (“metallic glasses”) are 
materials of higher hardness than that of steels. They are 
good candidates for the design of surfaces for tribological 
purposes. However, their mechanical properties become 
overly sensitive to the temperature in the vicinity of the 
glass transition temperature, which depending on the 
composition, can vary from 150 to 800 °C. Until now, 
temperature measurements have been performed by 
infrared or thermocouples with little precision regarding 
the spatial and temporal scales of tribological phenomena. 
In addition, the infrared measurements depend on the 
emissivity which varies according to the surface state, 
and the measurements by thermocouples placed at 
different depths supposed to know the local thermal 
behavior of the bodies in contact, which is not always the 
case. Recently, the Institute of Light and Matter has 
developed a method of temperature measurement by 
optical fluorescence spectrometry. This contact-less 
method allows local in situ temperature measurement 
with a higher time resolution [1]. 

2. Method 

Under microsecond pulsed laser excitation, Ni-doped 
diamond micro-particles emit green luminescence. The 
lifetime of luminescence decreases when temperature 
increases [1]. By measuring the luminescence decay of 
these fluorescent markers with micrometric size, the 
temperature is accessible. Optical calibration tests 
measuring the luminescence decay of Ni-doped diamond 
micro-particles were performed in static and dynamic 
conditions. Tribological tests were performed on 
different types of metallic glass (MG) coatings in using a 
tribometer. A combination of optical measurement 
system and tribometer was built for further utility. 
 

 
Figure 1: (a) Temperature calibration curve, (b) 

Schematics of the instrumented tribometer [2] 

3. Result and discussion 

A set of tribological tests between a pin of steel and two 
MG samples: Ni-based (Ni1) and Zr-based (Zr3) showed 
that the friction coefficient is sensitive to the composition 
of MG. Under a pressure of 680MPa, the friction 
coefficient of Zr3 was lower than that of Ni1. Sensitivity 
to the contact pressure was also discussed [2].  
 

Besides, computational heating modeling provided that 
the sensitivity of the thermal measurements can be quite 
different, depending on contact pressure, geometrical set, 
relative thermal properties of materials and emergence of 
plasticity beneath the contact. Two cases were studied: a 
sphere rubbed a fixed plate (Fig. 2 left), and a plate 
rubbed a fixed sphere (Fig. 2 right). The temperature 
curves, obtained at different points of the fixed solid, 
allowed to deduce the influence of contact pressure in 
heat transfer. The temperature distributions did not take 
the same shape depending on geometrical set. All these 
results contributed to the development of the tribometer 
with efficient in situ heating measurement. 

 
Figure 2: COMSOL heating modeling [2] 
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