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Structure-based surface analysis methods have proven to be very precise in the description of specific function-
relevant surface characteristics for many technical applications. One application is the evaluation of shaft lead 
for sealing counterfaces of rotary shaft seals, where grinding structures in the sealing contact act as a fluid-
transporting channel and potentially cause leakage. For this purpose, a structure-based approach for the 
evaluation of macroscopic lead based on surface segmentation methods was pursued. This resulted in an 
analysing tool which can describe a variety of structural properties on tribological surfaces. The employment 
and results of the method are presented and discussed. 
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1. Introduction 

Structure-based analysis methods for topography data of 
technical surfaces are already used in many technical 
applications. A variety of examples can be found in [1]. 
Likewise, mircolead structures are already being 
successful evaluated using a structure-based procedure 
based on optical measurement data [2]. In order to benefit 
from the advantages of structure-based analysis methods 
in the analysis of macroscopic structures as well, a new 
approach to the measurement, localisation and 
description of macroscopic lead was pursued. This has 
resulted in a segmentation and evaluation method that 
can be used to describe a wide range of structural 
properties on tribological surfaces, such as sealing 
counterfaces. 

2. Methods 

A confocal measuring instrument is used to measure 
several shaft surfaces. The resulting topographic data is 
the input for the evaluation algorithm. In the first step of 
the evaluation, the topography is segmented with the 
watershed transformation. Due to over segmentation, an 
additional subsequent fusion procedure merges irrelevant 
structure element into structures that can be regarded as 
fluid transporting channels. The fusion follows the model 
idea of uniting adjacent features in the flow direction of 
a fluid in the sealing gap. The geometry of every single 
located structure is then described by several structure 
parameter classes, e.g. the orientation, the width, the 
length, the depth, the cross-section and the volume of the 
structure. The totality of all structure parameters per class 
is then considered statistically. 

3. Results  

The statistical analysis of the structure parameters is used 
to investigate the surface for certain structural properties. 
This can be done by looking at statistical parameters or 
specific forms of structural parameter distributions. An 
example is given in Figure 1 which shows results of two 
surfaces. On surface 1, a macro lead is detected whose 
structures occur periodically and are strongly oriented in 

the same direction and deviantly from the circumferential 
direction. Surface 2 shows isotropic behavior and 
aperiodic, stochastic structures. 

 
Figure 1: Example results of two shaft surfaces 

4. Discussion 

The great advantage of a structure-based shaft lead 
analysis is that any type of relevant structures can be 
detected, regardless of whether it is periodically 
recurring, known as macro lead, or stochastically 
distributed and aperiodic. In addition, each detected 
structure is included in a statistical analysis which is 
specifically well suited to describe the stochastic nature 
of technical surfaces.  
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