
 

 

  
 
 
 
 

 
 
  
 

 
 
 
 
 

 
 
 
 
 
 
 
 

What is a wear particle? 

Undesirable, progressive removal of material at 
the surface of a solid body is called wear. Wear, 
and with it the generation of wear particles, oc-
curs in almost any technical and biological sys-
tem, where two bodies are sliding against each 
other; e.g., tire-road, bearing-shaft, or artificial 
joints in the human body.  

Wear can be caused by mechanical load such 
as rolling, rubbing or grooving. Removal of ma-
terial is expressed through small wear particles 
(Fig. 1). The diameters of such particles can 
range from a few nanometers up to a few  
micrometers, i. e., they are thinner than a hu-
man hair by a factor of ten to ten thousand. 
However, a large number of wear particle can 
potentially be produced. 

What does a wear particle do? 

Once released in a system, wear particle can 
cause damage. The impact of microscopic wear 
particles can be illustrated with the following ex-
ample: Studies have shown, that wear particles 
generated in artificial joints (endoprostheses) 
can be harmful and cause inflammatory reac-
tions, which in turn could damage the substance 

of the bone. In this case the artificial joint has to 
be replaced early. 

Already during the development stage, suitable 
materials need to be chosen, which exhibit low 
wear and hence a low number of wear particles. 
As a consequence, it is important to determine 
the number and size of wear particles emerging 
from different prosthesis materials.  

 

Fig. 1: Wear particles of different size between  
two rubbing surfaces 

Wear particles are also generated due to abra-
sion in daily used devices – such as motorized 
vehicles. During normal operation, the wear 
particles in the lubricant are only a few nanome-
ters in size. Permanent load over time, how-
ever, can cause the generation of larger parti-
cles (up to several micrometers), which can 

Tracking microscopic particles 

The measurement of size and number of small wear particles in lubricants is useful for identifying 
wear mechanisms and early recognition of any damage or failure of industrial machinery. With 
the novel measurement method it is possible to detect very small metallic particles in not trans-
parent oil and precisely determine their size in order to predict imminent threats to industrial 
facilities. 
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strongly impair the function and cause dam-
ages. 

What information can we get from 
wear particles? 

Wear particles exhibit different sizes and num-
bers, which are relevant parameters that can 
provide information on the current state and as 
well the history of a mechanically stressed sys-
tem. Some of the questions that can be an-
swered include: Is the functionality of the sys-
tem still guaranteed or should failure be ex-
pected? Which components of the system are 
subject to wear and how strongly? What is the 
cause of wear? Does the lubricant need chang-
ing and is maintenance work required? 

To gain this information, wear particles need to 
be precisely characterised with respect to num-
ber and size. 

How to measure a large number  
of microscopic particles?  

The goal is the detection and size measurement 
of particles with sizes below 1 µm. In addition to 
wear particles, lubricants may contain contami-
nations and they can be turbid or discoloured. 
Also, the viscosity of typical oils can complicate-
particle size measurements. To solve these 
tasks and to measure particle sizes very pre-
cisely, a miniaturized microscope setup with a 
special dark field arrangement of the sample 
and the sensor elements is employed. 

Wear particles are being pushed by neighbour-
ing molecules of the liquid and therefore exhibit 
a jittery motion with minute displacements. The 
extent of these displacements depends on the 
particle size. With the microscope setup, the 
particle tracks can be visualized and magnified, 

and eventually the particle size can be calcu-
lated from the acquired information (Fig. 2).  
Microfluidic technology is used to investigate 
thin liquid films (thinner than the thickness of a 
hair). As a consequence, also very turbid or 
dark liquids can be made transparent and there-
fore reveal particle motion. 

 

Fig. 2: (a) Recording of particles with dark field  
microscopy and (b) size distribution of  
particles in oil (© IEEE) 

Benefit and applications 

The new method is used in the course of the 
development of new materials for, e. g., joint 
prosthesis or components for engines and 
gears, in order to achieve better functionality 
and increased lifetime. 

Industrial facilities could benefit from the devel-
oped method, which can be applied for monitor-
ing of industrial processes. Incipient damages 
to the system can be recognized early and can 
be prevented with suitable measures, thus en-
suring secure operation. 
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