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The determination of lubricant characteristics is crucial to optimize the efficiency of lubricated machines and 
machine components. Viscometers are used to measure lubricant properties, like viscosity, and thereby, an 
advanced understanding about lubricant characteristics is established. This work presents a measurement 
method based on a new viscometer able to characterize the lubricant behavior under high pressure (> 1GPa) 
and high shear (up to 106 s-1). Thus, the current measurement range of available viscometers is significantly 
extended. The operating principle of the viscometer as well as measurement results of this new 
High-Pressure-High-Shear (HPHS) viscometer are presented and discussed in this work. 
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1. Introduction 

Lubricants are used in various applications, e.g. rolling 
bearings or gears, to increase the efficiency of 
tribological systems by reducing friction and wear. 
During operation the lubricant properties change due to 
the applied pressure, temperature and shear inside the 
tribological contact. Laboratory test equipment, e.g. 
viscometers, is used for a fast and simple lubricant 
characterization. However, currently available 
viscometers are not capable of reaching high pressures 
(> 1 GPa) and high shear rates (up to 106 s-1) 
simultaneously. Thus, the prediction of the lubricant 
behavior in heavily loaded tribological contacts currently 
relies on debatable extrapolations of lubricant properties. 
Hence, extensive testing is the preferred method to 
determine the efficiency of a lubricant in machine 
components. This work presents a method, which allows 
the measurement of a lubricant’s properties in an 
extended range of pressure and shear on a laboratory 
scale.  

2. Methods 

2.1. Test rig  
The High-Pressure-High-Shear (HPHS) viscometer is a 
pressurized Searle-type rotational viscometer and is 
capable of measuring viscosity under high pressures and 
high shear rates. To reach high pressures (> 1 GPa) 
comparable to the pressures inside heavily loaded 
tribological contacts during operation, an appropriate 
pressure chamber is developed. The applicable range of 
shear (up to 106 s-1) is ensured by a rotating inner cylinder 
and a measurement gap adjustable from 5 to 50 µm 
between inner and outer cylinder of the viscometer. To 
ensure the enlarged measurement range, the viscometer, 
including the measurement equipment and the electrical 
drive, is completely immersed in the pressurized 
lubricant.  

2.2. Test parameters and lubricant 
For validation of the HPHS viscometer, a low viscous 
mineral group III base oil with Newtonian behavior is 
used. The results of the HPHS viscometer are compared 

to measurement results conducted with a high pressure 
falling body viscometer. The measurements are 
performed at pressures of 100 MPa and 200 MPa in a 
fluid mass temperature range between 30 °C and 80 °C. 
The shear rate induced by the HPHS viscometer is set to 
a constant value of  �̇� =  3.2 ⋅ 104 𝑠−1 . Each measure-
ment point of the HPHS viscometer represents a mean 
value of three measurements with identical test 
parameters. For comparison purposes, the viscosity-
temperature correlation calculated from the falling body 
viscometer results using the Vogel-Tammann-Fulcher 
(VTF-) equation is used. The study will present the 
results in a test parameter range with pressures greater 
than 1 GPa, shear rates greater than 104

 s-1 and a 
temperature range up to 150°C as well.  

3. Discussion 

Figure 3-1 shows the measured dynamic viscosity in 
dependence of temperature and pressure at a constant 
shear for the HPHS and high-pressure falling body 
viscometer. The results show a good accordance between 
both viscometers, validating the measurement method of 
the HPHS viscometer.  
 

 

Figure 3-1: Measurement results of a group III base oil  

Further investigation of the lubricant behavior inside the 
enlarged measurement range will be discussed within this 
study, leading to a better understanding of lubricants in 
machine components. Lubricant selection for an efficient 
operation of tribological systems can be improved based 
on these results. Furthermore, the results can be used to 
improve tribological simulations. 
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