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CEKUIA «ITPOEKTYBAHHSA, BUPOBHULITBO TA CEPBIC 3ACOBIB
TPAHCIIOPTY»

NEW PROFILE FOR SAFER AND MORE DURABLE TRAM WHEEL
OPERATION

B. Firlik, PhD (Tech.), T. Staskiewicz, MSc
Poznan University of Technology (Poznan)

Introduction and motivation. Polish trams operate on very old wheel profiles,
which were designed over 25 years ago for vehicles which are now being put aside.
The new ones present very different approach to vehicle construction which should
be taken into consideration in terms of wheel-rail interaction, including the wheel
profile. This and lack of proper approach to tram wheel-rail interaction gave
inspiration for the research project ,Identification and modeling of nonlinear
phenomena at the wheel/rail contact area for the development of a new tramway
wheel profile”. This paper describes briefly the process of wheel profile optimization
and i1t’s empirical verification.

Optimization process. The new wheel profile was optimized in a software loop
(Fig. 1a) involving multi-body simulation for a modern low-floor, five-section tram
supported on three bogies. Profiles generated by the optimization algorithm were
successive variations of the currently operated PST profile. A specific track route was
set for the purpose of simulation, which consists of the most demanding sections of
network originating from Poznan. Measured track geometry was implemented to the
simulation scenario. The total length of the simulation track was around 1200 m. The
optimization was based on biologically inspired multi-objective CMA-ES algorithm
[1]. The optimization criteria were as follows (choice supported by literature [2]—[8]):
wear index (product of creep force and creepage as in [3], to be minimized), Y/Q
ratio (quotient of max. simulated Y/Q over Nadal criterion, to be minimized), static
wheel/rail contact area for lateral displacements = 5 mm (to be maximized). During
the optimization process more than 50000 correct (feasible) wheel profiles were
generated and evaluated.
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Fig. 1 Optimization loop (a) and results (b), (blue color; red color shows
existing wheel profiles’ results)
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Chosen, best results are shown in Fig. 1b. The optimized wheel profiles
dominated every evaluated European wheel profile in case of Y/Q ratio, wear index
and contact area. One most promising wheel profile (black arrow) was picked for
supervised operation.

Experimental verification. New wheel profile was machined on the tram, test
ride was carried out and then the tram was turned to supervised operation with
passengers. Thermal and visible light images of wheel-rail interface are being
recorded (Fig. 2).

Fig. 2. Thermal and visible light images of wheel-rail interface

Verification is carried out to determine if the optimization criteria were proper
and the whole process was fruitful. In case of success the new wheel profile will be
put into wide operation.
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