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Success story short version 

Multiresolution analysis of tribological surfaces:  the impact of lubricant 
Multiresolution analysis (MRA) is a mathematical method which enables at various levels of resolution– by using the 
discrete wavelet transform – decorrelation of topographical surface data into form, waviness and roughness. By applying 
MRA and correlating the behaviour of a given diesel fuel with the pattern structure of the worn surface resulting from 
similarly performed tribological experiments, a new numerical tool was developed permitting the identification of lubricants 
by their fingerprints. 

Success story long version 

Commonly, lubricity is estimated not on the basis of the frictional 
performance of a given lubricant, but upon the caused wear which in turn is 
assumed to be quantified by the dimension and volume of the wear scar e.g. 
from a high-frequency reciprocating rig (HFRR) test. The kind of wear 
patterns can additionally be examined by the mathematical method of the 
MRA, which in parallel allows the evaluation of local and global properties of 
the original data set. The starting point is the MRA decomposition of rough 
tribological surfaces in shape (profile), waviness and roughness with 
different (lateral) resolution. By evaluation of waviness at different 
resolutions one gets characteristic wear patterns that can be traced back to 
type and quantity of lubricant used in the tribotest and possibly other test 
conditions, such as humidity. 
As can be seen from the size of wear tracks (Fig. 1, tracks – preferably 
unidirectional aligned – are coloured depending on the type of the different 
lubricants used) the additives have a pronounced effect on wear in 
comparison to the pure diesel fuel (in black). Results from HFRR tests of 
this kind the individual lubricants can directly be distinguished at any 
resolution, even if the extent of wear and tear is (nearly) identical. The most 
pronounced differences are shown at the lowest resolution, see the last row 
in Fig. 1.  

Fig. 1: MRA-waviness of worn balls used in 
HFRR tests performed for a standard diesel fuel 
(black) with various additives (blue, green and 

red.) 

Impact and effects 

The multiresolution analysis (MRA) by decorrelating the topographic data of the wear track is shown to be a powerful tool 
to distinguish between different additives and their concentration when used in HFRR experiments. In particular, it is 
demonstrated that this method can be used for valuating the performance of lubricants by fingerprints in addition to 
standard methods (HFFR) especially when the wear volume (or mean wear diameter) of the test samples (steel balls) 
applied to such experiments doesn’t provide a clear distinction between different additives. 
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