
Impact of slip at low adhesion conditions caused by various contaminants  
 
1Fischer, Marcus*; 2Szekely, Ferenc; 3Frea, Matteo; 4Jennek, Steffen  
1Knorr-Bremse Systeme für Schienenfahrzeuge, Germany; 2Knorr-Bremse Hungária Kft.; 3Faiveley Transport, a 
Wabtec Company, Italy; 4Siemens Mobility GmbH, Germany 
 
KEYWORDS – adhesion, measurement, contaminants, slip, test ring 
 
ABSTRACT  
 
Research and /or Engineering Questions/Objective: 
The work described in the article below was performed within a work package dealing with adhesion topics in 
the frame of the collaborative Shift2Rail PINTA project. One objective was to collect a big number of adhesion 
data in a standardized way using a detection procedure based on existing methods. Based on the measurements, 
more experience on adhesion situations has been gained and requirements for adhesion related systems 
gathered. The knowledge supports the development of solutions leading to optimised braking distances in low 
adhesion conditions, ensured overall train safety and reduced wheel LCC.  
 
Methodology: 
In order to gather adhesion data for the compilation of requirements for adhesion related systems mentioned 
above, a major test campaign was organised by Siemens, Knorr-Bremse and Faiveley. Multiple Siemens Vectron 
locomotives were operated as a consist on a test ring. The focus of the measurements was set towards the 
adhesion behaviour at various wheel/rail contact conditions linked to wheel slip rates and the vehicle speed. The 
occurring forces within the wheel/rail contact were measured and the available adhesion calculated using a 
common analysis process. During each individual measurement, the overall train consist was kept at constant 
speed whilst single wheelsets were driven into slip in either braking or traction mode. The main parameters 
varied during the measurements were the contaminant type (original conditions, water, water/soap, oil) 
including sand as well as the speed and the according slip rates. 
 
Results: 
Analysis has been made by the partners within the group using the measured data. One part was focussing on 
the effect of sanding. It considered the amount of sand, different contaminants and the reduction of the sanding 
effect at different speeds. The results point towards a speed dependent sanding strategy for optimisation of 
effectivity. Further investigations focused on the statistical position of peak adhesion within the adhesion curve 
under water/ soap conditions. During this analysis a high variation of the adhesion peak and the adhesion peak 
position concerning slide have been discovered. This might origin from other factors that have not been 
considered during the testing yet. Furthermore the effect of speed at different contaminants as “original 
condition”, water, water/soap and oil at different speeds has been examined. 
 
Limitations of this study: 
Despite the extensive number of measurements that were performed, the amount of available data is not fully 
sufficient yet. This is mainly due to the high number of variables/ parameters that were varied during the tests 
leading to a low number of repetitions of single tests. Hence the generation of measurement data will be 
continued within future endeavours. Possible focus of new measurements, apart from the repetitions in order to 
get a statistically relevant number of tests, could be the simulation of leaves on track (e.g. using paper) or other 
natural adhesion conditions occurring in rail traffic. 
 
What does the paper offer that is new in the field in comparison to other works of the author: 
Multiple adhesion measurements using vehicle tests are known from literature. In comparison to those, the 
measurements on hand have been performed at constant speeds and without the influence of any commercial 
vehicle function, as e.g. wheel slide protection (WSP). This renders the possibility of a better analysis of single 
points of operation (defined variable/ parameter combination) and an improved view on cross- and self 
improvement effects. 
 
Conclusion: 
Using the measurements described above the effect of slip at multiple adhesion situations was examined. Due to 
the use of specific test trains, data in good quality was available (high data acquisition rates) at predefined and 
closely controlled conditions. The impact of contaminants, speed and sanding has been analysed as a basis for 
future developments and proposals for normative changes. Besides, using the data there is a good view on self- 
as well as cross improvement effects.  


