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When subjected to highly transient shaft rotation, radial shaft seals show leakage much more frequently than 
under stationary conditions. Our investigations  into the mechanisms of the leakage show, that the presence of a 
dust lip and the specific tribological conditions in the sealing contact during the transient shaft motion (the 
transition from stick to slip regime) play an important role. 
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1. Introduction 

Radial shaft seals (RSS) are increasingly used in 
applications with highly dynamic rotational shaft 
movement, high accelerations and frequent changes in 
rotational direction, e.g. positioning robots or 
combustion engines with start-stop functionality. Under 
such conditions, radial shaft seals show leakage much 
more frequently than under stationary conditions. This is 
especially a problem in the food processing industry [1] 
or in surface treatment processes like coating, where even 
the smallest amount of oil leakage can cause significant 
financial and reputational damage. 
Since the sealing mechanism of RSS is based on the 
distortion of the sealing lip due to the shaft rotation and 
contact friction, the assumption, that a sudden change in 
rotational direction and speed influences this distortion 
negatively. Here, the stick slip behavior of the contact is 
expected to play an important role. An extensive 
experimental investigation of the leakage behavior under 
such conditions, the frictional behavior of the sealing lip  
during the change of rotational direction and simulative 
investigations of the sealing system were performed in 
order to explain the failure of the RSS and find 
countermeasures [2]. 

2. Investigation of causes of leakage 

In order to perform the investigations, a highly dynamic 
test bench for RSS has been set up and the influence of 
the operation conditions such as radial force, pressure, 
lubrication, seal material, shaft movement cycle and shaft 
acceleration on the occurrence of leakage has been 
investigated. Furthermore, the frictional behavior of the 
sealing lip under such conditions has been measured and 
described using a stick-slip model in an FE simulation of 
a radial shaft seal. 
The influence of pressure built up between main sealing 
lip and dust lip has been investigated using a pressure 
sensor in selected experiments. 

3. Results  

Results show, that a negative pressure builds up for 
stationary as well as transient shaft movements between 
main and dust lip. In the case of transient shaft 
movements, this negative pressure leads to failure of the 
main lip and a balancing of the negative pressure through 
oil passing by the main lip (fig. 1). The main lip does not 

fail during stationary shaft rotation. The reason for the 
failure of the main lip is expected to be connected to the 
followability between shaft and sealing lip and the 
tribological behavior during the stick-slip transition in 
each change of rotational direction.

 
Figure 1: Pressure between main and dust lip clearly  
indicates failure of main lip due to negative pressure built 
up 
 
In depth FE simulations of the sealing lips followability  
to the shaft movement and the influence of the negative 
pressure built up will be presented as well as comparative 
measurements of the pressure built up. 
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