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The observation of water-lubricated conditions always poses challenges to the tribological contact. The low 
viscosity compared to lubricating oils leads to the formation of only very thin lubricating films, which are 
strongly influenced by changes in the roughness of the tribological system and changes in the lubricated state. 
The control of this condition is essential to develop materials for possible water lubricated applications. In this 
work, a new test methodology was applied on a thermoplastic polyurethane system to select and develop 
materials for potential water-lubricated contacts. 
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1. Introduction 

Thermoplastic Polyurethanes (TPU) are widely used in 
the sealing industry due to their good tribological and 
processing properties. In addition, TPUs show moderate 
water uptake and swelling, which makes this material 
class very suitable for potential use in water-lubricated 
applications [1]. The aim of this work was to establish a 
fully lubricated measurement method based on ASTM 
D3702 [2] standard, to support the development of 
special TPU grades. 

2. Methods 

2.1. Used materials 

An unfilled TPU grade (SKF Sealing Solutions Austria 
GmbH) as well as bronze and stainless-steel counterparts 
with roughness Ra between 0.2-0.3 µm were used. For 
the water lubrication demineralized water was applied.  

2.2. Measurement setup and test routine 

For the method development a TE93 rotary tribometer 
from Phoenix Tribology was used with a 1" Ring on Disc 
setup according to ASTM D3702. Due to the high 
circumferential speeds required, a special replenishing 
system had to be developed for water lubrication to 
prevent dry running and thus immediate overheating. The 
hydrostatic principle was used for this purpose. The 
concept is described in Figure 1. 

 
Figure 1: Illustration of the test setup with water reservoir 
 

The tests were carried out with a normal pressure of 
0.6 MPa, a speed of 600 rpm and a test duration of 28 h. 
These final parameters were preceded by pv-ramp tests 
to locate the appropriate test area. 

2.3. Results  
A clear influence of the roughness and the choice of the 
counter body on the friction and wear behaviour could be 
observed and a comparison of the measurement records 
is shown in Figure 2. 

 

 
Figure 2: Representation of roughness dependence and 

choice of counter body, (a) Bronze Ra=0.2 µm (b) Bronze 

Ra=0.3 µm (c) Stainless Steel Ra=0.3 µm 

 

As shown in Figure 2 the lowest coefficient of friction is 

represented by (a) 0.19 followed by (b) 0.25 and (c) 0.29.  

3. Discussion 

The measurement concept shows that TPUs in a fully 
water-lubricated state react very sensitively to changes in 
the tribological system and, if they lose their balance, it 
immediately leads to thermal instability and severe wear. 
These findings are considered, helping with the 
development of TPUs in new water lubricated 
applications. 
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