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Special attention is taking place in the environment of public transport, for which higher amount of small radius
curves being applied is specific. The outcome of such operation of vehicles is an increase in vehicle’s effects on the
track in the rail-wheel contact resulting in increased ride resistance, creep in the rail-wheel contact patch, speeding
up the process of wear in the contact pair as well as noise generation. At present, a variety of technical solutions
for the vehicle bogie design as well as track designs focused on decreasing of these negative effects exists. Their use
in smaller radius curves however, cannot give acceptable results and often causes complications in bogie design.
The authors give a concept of creep reduction in rail-wheel contact by using double wheel tread, which doesn’t
require complicated bogie design. The proposed solution is supported by dynamical simulation of the tram car
vehicle ride with considering of active wheel tread changes, and is also registered under Patent Application Nr.
a201701589.
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1 Introduction

The process of vehicle ride in curved track sections is
a serious problem of rail transport requiring attention.
Particular attention has to be paid in the public transport
environment, which features increased number of small
radius arches. The effect of operation under such conditi-
ons is the increased impact of the vehicle on the track by
means of a wheel-rail contact, increasing the vehicle's
curve-pasing resistance, the creep velocities in wheel-rail
contact, accelerating the wear of the contact pair as well
as generating noise [8, 9, 20, 21].

At present, there are a number of technical solutions
in the construction of vehicle bogies and tracks designed
to suppress these negative phenomena. These include, for
example, lubricating devices installed in the track or in a
vehicle, expanding the track free channel, adjusting sys-
tems for bogie wheelsets to a radial position, independent
mount of the wheels in one wheelset, optimizing the
wheel profile tread, adding mechatronic components into
bogies, placing rubber, noise absorbing components in
the bogie and in the track [7, 10, 23, 24]. However, their
use in smaller radius arches can not provide acceptable
results, and in many cases it complicates the bogie design
considerably [5, 16, 17].

In this article, the authors propose a method of elimi-
nating creep in wheel-rail contact in a way that does not
require complicating the bogie design [15]. The proposed
method is complemented by a simulation analysis of ve-
hicle ride dynamics. Creep in the contact takes place both
in the lateral and longitudinal direction. Creep in the late-
ral direction in the arcs of small radii reaches higher va-
lues. However, it can be effectively eliminated by using a
bogie design that adjusts the wheelsets to radial position
[14]. The goal of the author's work is to propose a solution
that would eliminate the cause of the longitudinal creep
in the wheel-rail contact and would not further complicate
the vehicle design. The proposed solution is complemen-
ted by a simulation analysis of vehicle ride dynamics.

2 Analysis of the wheelset ability to pass
through an arc of a track

The arc radius R [mm], which can be passed without
creep, can be determined by the relation (1) [11]:
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where:

2S... distance of the contact circles [mm],

r... wheel radius [mm],

Ar... delta r function value at the moment, when the
lateral displacement of the wheelset from the track axis is
maximal (track free chanel clearance is by the wheelset
fully exhausted) [mm].
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Fig. 1 Ar value required for ride in curve without creep

For tram wheelsets designated for a track gauge of
1000 mm, a radius of 340 mm, a KP-1 profile, a contact
circles distance of 25 = 1061.9 mm and a Ar value of 5.5
mm, the minimum radius of the arc, which theoretically
can be passed without creep is 65.64 m. However, for
example, in the area of Bratislava, urban rail vehicles are
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normally operated on lines with arc radii up to 17 m. It is
therefore necessary to evaluate the possibilities of increa-
sing the value of 4r in relation (1). The dependence of the
desired 4r value on the radius of the track can be expres-
sed on the basis of the relationship (1) as shown in Fig. 1.

However, increasing the Ar value by increasing the
conicity of the tread can not be considered a suitable so-
lution. Such a significant impact on the geometry of the
wheel profiles would lead to a more significant undula-
tory movement of the wheelset and thus to a deterioration
of the vehicle's stability during ride at higher speeds. This
creates an inconsistent requirement to increase the 4r va-
lue without affecting the geometry of the existing wheel

profile tread.

3 Principal design of the solution for a wheelset
ride through a small radius track curve

However, the requirement to increase the Ar value
without affecting the geometry of the existing wheel tread
can be fulfilled by creating a new wheel-rail contact area
as stated in the patent application [15]. We propose to
solve this situation by using a wheel profile with an ad-
ditional tread designed especially for a ride of a wheelset
in a small radius arc, located on the outside of the wheel
profile. A schematic representation of the wheelset with
a modified profile and the principle of its ride through an
arc of the track is shown in Fig. 2.
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Fig. 2 Wheelset equipped with additional tread a) when ride on track according formula (1), b) when ride in curve, in
which common wheelset can no more ensure passing by ,,pure rolling

The inner part of the wheel profile is identical to the
original profile. Ride characteristics of the vehicle during
ride in a straight track or curves according formula (1)
will therefore remain unchanged. On the outside of the
profile there is an additional tread designed for ride of the
wheelset in small radius arches. In the arc, therefore, the
outer wheel is rolled over the original tread whereas the
inner wheel is rolled over the additional tread with a
smaller radius, thereby achieving the necessary displace-
ment in the delta r function course.

4 Position of the additional tread on the wheel
profile

For efficient use of the additional tread, it is necessary
to determine its displacement to the original profile in the
lateral and vertical direction, defined in Fig. 3 using di-
mensions y and z. To create the second tread geometry, it
is possible to use a segment of the original wheel tread.

The displacement in the lateral direction should theo-
retically be as small as possible to avoid a substantial
increase in the volume of the material and hence the
weight of the wheel rim. However, its minimum value is
limited by the distribution of the contact points of the gi-
ven wheel-rail pair. We suggest using the outside of the
original wheel profile for placing the additional tread,
where the wheel profile has no contact points with rail
anymore. However, a certain extension of the wheel pro-
file is necessary. In the case of the KP-1 profile being

used, the value of the lateral displacement of the additio-
nal wheel tread to the original profile y = 50 mm was cho-
sen.
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Fig. 3 Position of the additnal tread on the wheel profile

The displacement in the vertical direction is depen-
dent on the delta r value of the wheel profile when the
clearance provided by the track channel is exhausted. In
order to ensure efficient use of the additional tread, the
relationship for dimension z [mm] is as follows:

z=2Ar+y.Ar

[mm]. 2)
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In case of the original KP-1 profile being considered,
the vertical displacement value of the additional wheel
tread is z = 11.5 mm. Thus, the course of the desired and
achievable Ar value (as shown in Fig. 1) is changed as
shown in Fig. 4.
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Fig. 4 Required and achievable Ar value for ride of the
wheelset in an arc without creep

On the basis of theoretical considerations, it is pos-
sible to expect a more favorable ride through an arc with
a radius of less than 65.64 m thanks to the use of the ad-
ditional tread. The theoretical prerequisite for ride of the
wheelset without creep is created up to the radius of 21.9
m.

5 Simulation analysis of a vehicle ride

In order to verify the vehicle's characteristics, a series
of simulation analysis of vehicle ride dynamics were per-
formed in the Simpack calculation program [2, 3, 12, 13,
18]. The aim was to find out the courses of the monitored
quantities [1, 4, 6, 17] depending on the radius of the
track. From among the measured quantities, the effi-
ciency of the vehicle passing through the track arc is best
represented by the power loss, by which the vehicle
covers the resistance from the ride through track arc. This
article compares its course in three situations. In first

case, a vehicle is considered that does not have the possi-
bility of steering wheelsets nor the proposed profile with
the additional tread. In the second case, the vehicle being
considered is equipped with wheelset steering [14], but
without the proposed wheel profile. The third option con-
siders a vehicle with the wheelset steering possibility [14]
and equipped with the above-described double wheel
tread profile [15]. With its parameters, the vehicle basi-
cally resembles a T3 tram.

To obtain an overall overview of the behavior of the
vehicle, it is necessary to evaluate the measured quan-
tities, depending on the radius of the track. One way to
obtain this dependence is to simulate the vehicle's ride
through a theoretical track in shape of transition curve
with sufficient length. A transition curve is a part of the
track with a smooth change of the radius of the track
between straight track and an arc. It may have different
shapes. According to the standard [22], a clothoid-shaped
transition curve can be used on the track. In case of a clo-
thoid linking a straight track section with a circular arc
section, it is possible to use the following relationship for
the instant radius R [m] of the clothoid at the considered
point:

RIS
! ®

where:

R ... the instant radius of the arc of the track [m],

R; ... radius of the circular arc at the end of the transi-

tion curve [m],

[ ... total length of the transition curve [m],

s ... the length of the transition curve measured from

the beginning to the given point [m].

If the change of the radius is slow enough, it is pos-
sible to consider the part of the track on which the vehicle
is currently located as an arc with a constant radius. This
allows the distance traveled along the track shown on the
horizontal axis of the presented courses to be calculated
by the relationship (3) to the radius of the track at the gi-
ven point.

clothoidal spiral, 10 km

ride direction

RIZOO

_direct track, 50 m

Fig. 5 Track of clothoid shape and vehicle model running on this track

In the following simulation, a ride along a track with
a straight section designed to stabilize the vehicle ride, a
clothoid-shaped 10 km long transition curve, and a circu-
lar arc with a radius of 17 meters was considered. The
shape of the track is shown in Fig. 5.

A comparison of the power loss of vehicles at a speed
of 10 km/h is shown in Fig. 6. For the large amount of
calculated data, the power loss courses are presented only
for the arc radius interval from 17 to 100 m, i.e. in the area
where the proposed solution can be expected to be applied
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effectively. In the graphs, vehicle curve pasing resistance
is presented in form of Py and Py components. The power
loss component Py covers creep in the longitudinal di-
rection. The power loss component Py covers creep in the
lateral direction. However, the vehicle will cover both
power losses simultaneously during ride.

On the basis of a simulation analysis of ride through a
track transition curve, it can be stated that in the case of a
vehicle passing through a small radius track using the ad-
ditional wheel tread, it is possible to achieve more favo-
rable ride parameters in a wider interval of track arc radii.

—2.5
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—— Power losses Py
Power losses Py

6 Conclusion

Based on the comparison of these simulation analyses,
it is possible to assume that, in terms of power loss, the
vehicle ride using the additional tread is more favorable
in an arc radius smaller than 62.3 m. It is clear from the
above-shown courses that in the area under consideration,
the use of the additional tread leads to a significant re-
duction of the adverse effects. In the area of the track arc
radii from 23.55 to 44.88 m, the power loss of the vehicle
is virtually eliminated.
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Fig. 5 Track of clothoid shape

In order to make use of the described method of ride
in small radius arcs of the track, it is necessary to focus
on creating a suitable way of changing the wheel roll
mode during ride and on identifying the vehicle's re-
sponse to such a change. This issue is addressed by the
team of authors today.
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