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The dynamic simulation of railway vehicles based on multibody methodologies is nowadays a reliable
approach to prevent derailment, design components, study the vehicle performance for a certain track, among
others. In this context, the wheel-rail contact interaction is fundamental not only in the study of the vehicle
dynamics, but also in the prediction of rolling fatigue or wear, profile optimization, just to mention a few. For
these purposes, the shape and size of the contact patch need to be properly determined, as well as the normal
pressure and tangential tractions. Several authors have proposed different methodologies to deal with wheel-rail
contact interaction [1-7]. Different strategies have been explored, from fast and approximate methods [1,5] to
more complex and realistic models [2]. Naturally, the degree of complexity of the applied method is intimately
linked with the required computational cost which implies always a tradeoff between accuracy and efficiency.

Most of the wheel-rail contact theories rely on some simplified assumptions, such as that a single normal
direction can be considered for the entire contact patch and the validity of the half-space approach.
Notwithstanding, these assumptions are often violated during the vehicle operation, namely when conformal
contact occurs. In most of the cases, when the rail contacts the wheel’s tread, the contacting surfaces have a non-
conformal geometry, as represented in Fig. 1(a). However, in sharp curves or due to worn profiles, the
conformality between contacting surfaces tends to occur, as shown in Fig. 1(b).

(a) (b)

Fig. 1: Wheel-rail contact interaction: (a) non-conformal and (b) conformal scenarios

The study of conformal contact is not yet a very deepened topic, although some researchers have been
paying attention to this issue in the last few years [7-10]. The main distinction on the conformal contact is that
the contact patch is no longer flat, as in the non-conformal contact represented in Fig 2(a). In the conformal
contact, there is no plane where the contact patch can be projected and, therefore, the concept of normal and
tangential forces is not applied. Figure 2(b) shows that the deformed profiles are in contact under a curved area.
Moreover, in these conditions, the spin creepage is not constant through the contact region.



Deformed
profiles

Undeformed

profiles

Deformed
profiles

Undeformed
profiles

T e

Interpenetration Contact
Area Region Area

(a) (b)

Fig. 2: Schematic representation of the contact region for (a) a non-conformal case (plane contact patch)
and (b) conformal case (curved contact patch)
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Thus, based on Kik-Piotrowski contact model [3,4,7], a new simplified approach to deal with conformal
contact scenarios is proposed in this study. The contact patch is partitioned into strips along the rolling direction,
and each strip is treated considering a variation of the contact angle. Therefore, the discretization of the contact
patch is not only related to its width, but also with the variation of the contact angle through the patch. The
elastic half-space assumption is kept since it can be valid for smaller variations of the contact angle. The
preliminary results show that this simplified method is a faster and reliable alternative to the use of more
computationally intensive approaches as the boundary or finite element method [8,9].
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