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The influence of the complex material behavior of thermoplastic polymers in lubricated contacts is poorly 
understood. It affects the optimal design of power-transmitting thermoplastic machine elements and the 
exploitation of its potentials like lightweight design, low-noise operation and cost-effective manufacturing 
when injection-molded. Therefore, this study applies an in-situ electrical resistance thin-film sensor method at 
a twin-disk tribometer to study the elastohydrodynamic lubrication (EHL) of rolling-sliding contacts with 
thermoplastic polymers. Results provide insights into the effects and relevance of thermoplastic material 
properties in thermoplastic EHL contacts at different operating conditions. 
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1. Introduction 

Liquid lubrication enables the application of 
thermoplastic polymers to power-transmitting machine 
elements due to improved heat dissipation and reduced 
friction and wear. Lubricated thermoplastic contacts 
operate in the transition regime between hard and soft 
EHL. Measurements at a twin-disk tribometer show that 
interfacial friction can be very small, however energy 
dissipation from viscoelasticity can result in strong 
increase in polymer bulk temperature [1]. EHL modelling 
of hybrid thermoplastic/steel pairings shows a local 
contact conformity and thermal insulation with 
asymmetric temperature profiles due to low thermal 
effusivity of polymers [2]. Viscoelastic EHL modelling 
points out pressure maxima at the contact inlet and film 
thickness shrinkage at the contact outlet depending on 
coupling between fluid flow and solid response [3].  

2. Methods 

This study uses an in-situ electrical resistance method to 
bring new insights into EHL of thermoplastic polymers. 
Thin-film sensors applied in a twin-disk tribometer allow 
pressure and temperature measurements with good 
transferability to conditions in machine elements. The 
study addresses the gap between local information 
available from numerical modelling and global 
information available from experiments. 

2.1. Experimental setup 

The considered twin-disk test rig and thin-film sensor 
technique is described in [4]. The thin-film sensors are 
manufactured by photolithography and ion beam 
sputtering. For temperature and pressure measurement Pt 
and CuMn12Ni is used, respectively. The sensors have a 
height of app. 100 nm and a width of app. 15-20 µm and 
are applied on polished cylindrical ZrO2 or Al2O3 disks 
(Ø 80 x 20 mm). The counter injection-molded thermos-

plastic polymer disks are also polished and cylindrical 
(Ø 80 x 5 mm). Hence, an EHL line contact is formed. 
The disk setup is shown in Figure 1 (left). 

2.2. Investigated parameters  
Polymer disks made of PEEK, PA66 and POM are 
considered. Fluid film lubrication is investigated by line 
loads of up to 100 N/mm, sum velocities between 
8…16 m/s and slip ratios between 0…50 %. Pre-heated 
mineral oil ISO VG100 is injected to the disk contact. 

2.3. Results 

Measurement results include local contact temperature 
and pressure profiles with pressure and temperature 
correction done against each other. Interfacial friction 
and polymer bulk temperature are measured simultane-

ously. Figure 1 (right) shows exemplarily measured 
contact temperatures without pressure correction. Overall 
temperature rise measured is comparable small with a 
pronounced increase at the contact inlet.  

   
Figure 1: Disk setup (left) and exemplarily measured 

contact temperature for PEEK/ZrO2 (right). 

3. Discussion 

The measured temperature and pressure profiles are 
discussed in terms of the different non-linear elastic, 
thermoelastic and viscoelastic properties of the 
considered polymers. In combination with 
simultaneously measured interfacial friction and polymer 
bulk temperature, numerical thermal EHL modelling 
allows insights into the effects and relevance of 
thermoplastic material properties at different operating 
conditions. Findings are classified in the state of 
knowledge. Notes on the transferability of findings in 
machine elements are made. 
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