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Tribology

Virtual lab calculates optimal lubricant composition

Mechanical bearings and gearboxes — like those used in electric vehicles and
wind farms — are often treated with lubricants to avoid friction and wear.
However, these components might be under voltage. This would impair the ef-
fectiveness of the lubricants to such a degree that the tribological contacts are
damaged. As part of the Lube.Life joint research project, researchers at the
Fraunhofer Institute for Mechanics of Materials IWM have developed a virtual
lubricant lab, which can be used to predict the effects of electrical fields on
lubricant stability. As a result, customized formulations for new lubricants can
be created.

In tribological systems, such as bearings, gearboxes and seals, electrical fields impact
the efficacy of lubricants and thus the lifespan of the components used. Electrical
charge is of particular importance in electric vehicles and wind farms. These sectors use
large amounts of lubricant on rotor bearings, for example, to reduce friction and thus
wear. The lubricant may degrade over time, which, in the worst-case scenario, could
lead to total system failure. One cause of this degradation is the use of additives in lub-
ricants, which can be affected by the presence of electrical fields. The short- or long-
term separation of these additives may lead to electrical breakdown and component
damage. This problem is increasingly taking center stage against the backdrop of the
energy transition.

Up to now, offshore wind farms have only monitored lubricants during regular mainte-
nance. Inspections are particularly difficult to carry out in the winter months due to the
weather conditions. The Lube.Life joint research project has therefore developed a sen-
sor system, consisting of infrared, moisture, acoustic and friction sensors, and evalua-
tion electronics to monitor these lubricants in real time. Sensor data, predictive online
algorithms and simulated analysis data are combined and used to create an overall as-
sessment of the lubricant.

Extending lubricant lifespan

The sensor signals are collected in software developed by the project coordinator,
QASS, before undergoing analysis in the central part of the software — the virtual lub-
ricant lab. This innovation enables existing lubricants to be assessed based on their
electrotribological suitability. It also allows for the qualification of lubricant additives
and a preliminary assessment when designing a new lubricant. A key objective is stabi-
lizing the lubricant by subsequently adding suitable additives to extend the use phase.
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“The virtual lubricant lab offers many different types of support. It helps to change the
additive composition in a lubricant in cases where, for example, an additive is no longer
available, or its use is legally prohibited for environmental reasons. The same applies if
a lubricant no longer works properly because an additive has formed droplets and the
lubricant’s dielectrical properties have changed, meaning that adjustments are re-
quired,” explains Prof. Michael Moseler, head of the Tribology business unit at Fraun-
hofer IWM in Freiburg. “To date, our project partner ASC Gérlach has illustrated this
using a heuristic computational model. We were able to use molecular dynamics to
show that a reduction in energy of solvation due to strong electrical fields can cause
droplets to form. These droplets can significantly reduce a lubricant’s dielectric
strength.”

However, researchers at Fraunhofer IWM have also been able to physically calculate a
number of other lubricant parameters. These include viscosity, thermal conductivity,
and chemical reactivity with surfaces. This makes it possible to determine what effect
adding a certain amount of a specific additive to a lubricant will have. “The sensor sys-
tem will draw real-time conclusions about the composition of the lubricant. By interact-
ing with the virtual lubricant lab, a variety of measures can be taken, ranging from sim-
ple notification and triggering of a maintenance order to the automated additional
dosing of additives,” states the researcher in regard to the interplay of components.

The future areas of application are numerous: In addition to monitoring wind farms, a
real-time, decentralized analysis and forecasting system for lubricants could be used to
upgrade industrial and production facilities, as well as power plants. Instead of adher-
ing to inflexible maintenance periods, operators will be able to increase maintenance
flexibility, adapting to every situation. The virtual lubricant lab even plays to its
strengths in the design of lubricants, providing important information for creating new
formulations.
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