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Abstract:  In this paper a configurable omnidirectional wheel model is presented,
which can be used for dynamic simulation and parameter tuning of
omnidirectional robotic systems. First a brief overview is given on well
known omnidirectional wheel designs and models from the literature, then
two modeling approaches are described and compared. The usability of the
models 1s verified by simulation, using two omnidirectional platforms and
kinematic equations from the literature. This work has been carried out
using the Dymola modeling environment and the Modelica language.
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1. Introduction

Omnidirectional wheels have been invented quite a long time ago [8] and they have a
rich history in the literature. They have been used for various tasks and many different
embodiments are known [17], [4]. They are constructed so that a vehicle equipped with
them can execute true holonomic movements, in other words it can change its direction
of movement without changing its orientation. Their great movement capabilities
however mean that their mechanical construction is complicated, they also require
independent drive and control systems for each wheel. The rolling efficiency of these
wheels 1s worse than that of regular wheels, also they generally do not perform very
well on rough surfaces, 1.e. they are best suited for indoors applications. Their use
ranges from robotic soccer applications, through industrial heavy load transporters [19],
and vehicle simulators [1], to educational and entertainment projects like the popular
inverted pendulum, but mounted on a ball [12], [2]. Figure 1. shows some of these
applications.

1.1. Motivation

To be able to use robotic systems on a professional level, simulation of the individual
components and the system as a whole 1s necessary in the design phase. Modern
engineering uses simulation for almost every task imaginable, to cut costs, speed up
development and minimize changes late in the product life cycle. Omnidirectional
platforms are no exception since they require more complex mechanical design and
control, than traditional vehicles.
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Figure 1: Examples for the use of omnidirectional wheels’

Probably the most important part of a vehicle model 1s the wheel, since this is the part
that makes contact with the ground and transfers forces and torques to move the vehicle.
In the last few decades a great number of wheel models of different levels of complexity
have been constructed, and are used regularly in automotive and heavy truck
simulations. This wealth of knowledge on wheel modeling however has not been
applied extensively to other areas of vehicle simulation, such as mobile robotics,
although there are a lot of common features between the two.

1.2. Simulation tool - Modelica

Modelica 1s a free object-oriented modeling language, with a textual definition to
describe physical systems in a convenient way, by differential, algebraic and discrete
equations. It is supported by the Modelica Association®. “It is suited for multi-domain
modeling, for example, mechatronic models in robotics, automotive and aerospace
applications involving mechanical, electrical, hydraulic and control subsystems, process
oriented applications and generation, and distribution of electric power. Modelica is
designed such that it can be utilized in a similar way as an engineer builds a real system:
First trying to find standard components like motors, pumps and valves from
manufacturers' catalogues with appropriate specifications and interfaces and only if
there does not exist a particular subsystem, a component model would be newly
constructed based on standardized interfaces.

Models in Modelica are mathematically described by differential, algebraic and
discrete equations. No particular variable needs to be solved for manually. A Modelica

'[12], www.airtrax.com, www.kuka-omnimove.com, [1], [20]
% https://modelica.org (Accessed 2012. Feb.).
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tool will have enough information to decide that automatically. Modelica 1s designed
such that available, specialized algorithms can be utilized to enable efficient handling of
large models having more than hundred thousand equations. Modelica 1s suited (and
used) for hardware-in-the-loop simulations and for embedded control systems.” [15]
From my point of view the main attractiveness lies in the languages’ object oriented
nature, which allows a convenient incremental development workflow. Another
attractive feature is the model building philosophy of describing the systems by
algebraic differential equations, thus approaching the problem from a physics point of
view, as opposed to a mathematical one, which — in my experience — is less appealing to
an engineer.

1.3. Outline

A configurable omnidirectional wheel model was created that can be adapted to work
with most of the popular empirical wheel models used in vehicle simulation today. With
the help of this simulation configurable omnidirectional platform models were created
and experiments were conducted with the most widely used configurations, the four
wheeled Mecanum platform and the three wheeled omnidirectional platform, sometimes
referred to as the kiwi drive platform.

The omnidirectional wheel model described in the first part of the article uses a tire
model which is available in the Modelica Vehicle Dynamics Library that 1s included in
the academic bundle-version of Dymola 7.4. This model is based on the well-known
Rill tire model and handles collision, generates tire forces and torques. My wheel model
extends this tire model and creates a roller model which 1s the basic element of an
omnidirectional wheel using two different modeling approaches. In the second part of
the paper some simulation results with a four wheeled industrial forklift model and a
three wheeled platform are presented. The last part of the paper evaluates the results,
gives usage hints and points out future improvement possibilities.

The work was carried out in the Fraunhofer IFF Magdeburg in cooperation with
BUTE.

2. Wheel modeling

In this section a short overview is given on the most popular types of omnidirectional
wheels and the basic ideas used for modeling them. Later the main concepts of
empirical modeling of car tires are highlighted.

2.1. Omnidirectional wheel models

A great number of omnidirectional wheel users fall into the category of industrial
companies and users of their product, the most significant being KUKA Robotics’, and
Airtrax’. The second group of people who use them fall into the category of students,
preparing for robotics competitions such as RoboCup and others, or scientists working
on advanced mobility concepts. This second group creates the majority of publications.

? http://youbot-store.com/, http://www kuka-omnimove.com
* http://airtrax.com
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Large-diameter wheel

Figure 2 Different omnidirectional wheels and mobility concepts

a) Airtrax Mecanum wheel b) enhanced profile omni-wheel [5] ¢) multiple row wheel’
d) Killough wheel’ e) wheel of a Honda U3-X personal mobility platform f) Ballbot,
omnidirectional balancing robot [13]

Figure 2. shows a cross section of some of the wheel designs and interesting mobility
concepts. They were collected to demonstrate relevant concepts trough examples.
Subfigures a), b) and c) represent the most popular wheel configurations 1.e. passive
rollers on the perimeter of a wheel. a) shows the Mecanum wheel used on the Airtrax
forklift. It 1s worth noting that the rollers are shaped in an attempt to attain a round
profile and have only a single roller touching the ground at a time. One of the problems
associated with omni-wheels 1s the rough ride associated with changes in wheel radius
when changing roller contact. Another important effect is caused by the rigid
discontinuities between rollers, they cause slip especially on soft surfaces, such as a
carpet [23]. b) and c) are examples of the most widely used solutions to these problems.
b) uses different sized rollers, where the larger diameter rollers are shaped so that they
can fit the smaller rollers inside, thus virtually eliminating the non-rolling surface on the
circumference [5]. This obviously comes at the price of increased complexity. ¢) is a
more common solution, by using multiple regular wheels mounted side by side at an
angle, so that “bumpiness” and roller discontinuities can be minimized.

The remaining three subfigures show somewhat different mobility concepts. d) shows
the so-called Killough wheel, named after the inventor [17]. In this concept two quasi
ball-shaped rollers are mounted in rigid brackets that are connected perpendicular to

> http://www.vexrobotics.com
® http://www.h33.dk/opfhjul_index.en.html
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each other. The rollers are free to roll and the bracket assembly is driven by a motor.
These wheels should be mounted and applied just like the omni-wheels above. (More on
Kinematic constraints can be read in [9]) Smooth ride and single roller contact is
ensured by the shape of the rollers, the contact point however moves significantly when
roller contact changes.

Subfigure €) shows the wheel of Honda U3-X personal mobility platform. A seat is
mounted on top of the wheel and the vehicle balances and drives on this single wheel in
an omnidirectional fashion. This is achieved by powered rollers in addition to the main
drive that turns the entire wheel.

f) shows an omnidirectional platform that clearly eliminates any rolling imperfections
by using a ball to ride on. It is called Ballbot and i1t was designed to work in areas used
by people [13]. It 1s high enough to make eye contact yet it has a small footprint, that
together with omnidirectional maneuverability enables it to get around in cluttered
indoor environments.

My model can be used to describe the type of wheels represented by the first three
subfigures. A common characteristic is that they have a relatively small width relative to
their diameter and they are designed with an attempt to ensure smooth ride. In the
following let us take a look at how this type of wheels has been modeled by other
researchers.

Williams et al. [23] developed a wheel model motivated by the RoboCup competition.
They used a small three wheeled platform with 0° rollers (Figure 3. a). The wheels they
used had a single row of rollers, without any provisions to smoothen roller
discontinuities, this was reflected in their results, the wheels demonstrated a strong
angle dependent friction characteristics directly related to the non-rolling part touching
the carpet they used for testing. It is also important to note that they found that the
friction coefficient in the driven and in the free rolling direction was comparable — 3/1
and 5/3 respectively for paper and carpet — showing that the quality of the omni-wheel
greatly effects the behavior of the mobile platform.

b)

Figure 3 a) Omnidirectional RoboCup player by Williams et al. [23], b) youBot by
KUKA Robotics, flexible arm on a mobile base

7 http://www.hondanews.com
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Dresscher et al. [6] developed a modular model for youBot (Figure 3. b) using an
energy based method and its bond graph representation. Their goal was to model this
rather complicated platform in a modular, reusable fashion, this also includes modeling
the Mecanum wheels. To make the model simpler they neglected the dynamic behavior
of the wheels and derived a kinematical model from the geometry. They neglected
friction in the roller bearings and generally neglected force in the free rolling direction.
They defined a transformation between drive axis movement and wheel movement in
the direction parallel to the roller axis. Floor contact was modeled with a resistance and
a stiffness parameter. The authors had no opportunity to validate their model on the real
platform.

Tobolar et al. [21] created an object oriented library for Mecanum wheels in
Modelica, unfortunately their article is very short and non-informative. As the author
explained this 1s due to an NDA with KUKA Robotics.

Studying the literature the conclusion can be drawn, that in many cases
omnidirectional platforms are modeled as a whole, assuming symmetrical load
distribution, without having separate wheel models. However when wheels are
modeled, dynamic effects are often neglected and the results are purely kinematical.
This 1s probably justified when the platform has very low, known weight, for example a
RoboCup player. Another common modeling approach is that wheel forces are assumed
to be generated parallel to the direction of the rollers and forces perpendicular to the
roller axis are assumed to be zero. An exception is the paper mentioned before [23],
where the authors had to calculate with substantial forces in the free rolling direction,
however in my opinion this was due to the disadvantageous characteristics of the omni-
wheel they used.

To be able to apply a wheel model that accommodates a broad range of robotic
platforms including heavy machines, with uneven load distribution and various wheel
designs with different roller materials, a model is needed that is easy to parameterize,
includes simple dynamics, handles sliding and last but not least of all, well suited for
simulation. For this a choice was made to build on the well proven results from the
domain of regular tire modeling, while applying some of the techniques used in the
literature cited above.

2.2. Regular tire models in simulation

Tire modeling in general has been an active area of research for a long time, because
the behavior of a tire 1s a complex phenomenon, and the results can be used in countless
applications, making it both a challenging and lucrative area of research. The main
purpose of a tire, besides providing a smooth ride for the passengers is to transmit forces
and torques in three mutually perpendicular directions to create vehicle movement and
directional control. To achieve this, a tire model has to handle collision, calculate the
contact patch with the ground and obstacles, and it has to generate the forces and
torques that arise. Most of these calculations are nonlinear because of the characteristics
of the tire material [3].

Instead of creating a model from scratch, already existing models in Modelica were
used as a basis, thus not having to recreate well proven components.
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The simplest models regard the tire as a rigid disk, with unchangeable radius and
linear dynamic properties, the most complicated ones use finite element simulation, fine
tuned to a certain rubber compound and carcass. For a tire model to be useful, a
compromise between complexity and accuracy has to be found depending on the
application at hand. A very good example of incremental model building in Modelica 1s
given by [24].

Except for simple targeted experiments the model cannot be restricted to a certain
driving situation. Most of the relevant cases have to be considered, such as driving with
nonzero camber and sideslip angles. Another important aspect is the adaptability of tire
model characteristic parameters to real world tire behavior. Most experimental tire
models such as the well-known Magic formula by H. Pacejka, or TMeasy by G. Rill [7],
[16], [18] uses polynomial approximation of real measured data curves. These
polynomials and the conditions of switching between them describe the tire
characteristics, for given external parameters. An example according to the Rill model 1s
given in Figure 4. The curve 1s valid for constant coefficient of friction u and vertical
load F,.

F!nn‘ Fmax

pa>'\_

bola
parabola | straight
line

linear
approx.

»
Semax s* Stot s

Figure 4: Steady state longitudinal force vs. wheel slip approximation according to [7]
for a given u and vertical load

Slip 1s usually defined in relation to the difference between a wheel center’s velocity
and 1ts circumferential velocity. It is often confused with sliding, but it is important to
see that slip occurs with a perfectly gripping tire as well. It can be thought of as the
driven axis twisting the elastic tire material around itself.

2.2.1. The Rill tire model

A very appealing aspect of the Rill model is that its parametrization is intuitively
simple, containing only a few parameters, with physical meaning, in contrast to for
example the magic formula, which uses a lot of curve approximation parameters with no
direct physical meaning. The parameter values matching measurement data are
available from certain manufacturers for some of their products. Nevertheless one
would need to match experimental data again when creating a new model for an
unknown tire, thus restricting the usage of this kind of modeling to users well equipped
with tools for tire identification.

The Rill model is a semi-empirical tire model with first order dynamics. Wheel
parameters for steady state force generation are approximated quadratically from two
load tables: one similar to Table 1 - for a nominal F, - and another one for 2F, . Table 1
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shows some typical values used in the Modelica libraries and [18], for reference. The
indices x and y stand for longitudinal and lateral values, respectively.

Table 1: Load table for Rill model and typical values

Name Description Typ. value
F oomi Nominal normal force 3000N

Fas x1 Slope at s, = 0 50000N
Smax x1 | Slip of maximum tire force 0.15
Foax x1 Maximal tire force 3000N
Sqlide x1 Slip where sliding begins 0.4
Faide x1 | Force where sliding begins 2800N

Fis v1 Slope at s, =0 40000N
Smax y1 | Slip of maximum tire force 0.21
Frax y1 Maximal tire force 2750N
Sslide _y1 Slip where sliding begins 0.6
Fgige y1 | Force where sliding begins 2500N

The other load table contains values for 2F, .1 = F,om2 and the quadratic

interpolation for ¥, < 2F, 1 for any value is demonstrated trough the example of

Fds _X:

Fdsx 2 anoml Fdsx 1 anomZ anoml - anom Fdsxl anom anom
Fds x = + (3)

anomZ anoml anoml - anomZ anoml anoml

The interpolation curve for given parameter values is shown on Figure 5.

Besides the tire load parameters some dynamic parameters also have to be set. The
model uses first order dynamics counting with a dynamic force according to the
following - in direction x:

den_x = Cx€x + dxex (2)
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>
F z_noml F z_noma2 FZ

Figure 5: Force curve gradient quadratic interpolation example, Fy « vs. vertical load

Meaning of the parameters is explained in Figure 6 according to [18], where e, is the
longitudinal tire deformation and c¢, and d, are the lateral stiffness and damping,
respectively. Typical values for ¢, and dy are 100000 N/m and 1500 Ns/m. In the z and
y directions the behavior 1s similar, however the constants might differ.

rigid rim

rubber

Figure 6: First order tire dynamics

2.3. Omnidirectional models based on regular tires

Two distinct approaches were used to adapt regular models to omnidirectional
operation. These are documented in the following sections. Both models can be adapted
to use various tire models — not just the Rill model — as a basis.

2.3.1. Using individual rollers
The most straightforward method to create a usable Mecanum wheel model:

= take any tire model from the library to create a roller from the base model

« set estimated (or measured) wheel parameters and geometry

* set a certain number of rollers and arrange them according to the given wheel
geometry

« allow the rollers to spin freely along their main axis and connect them to a main
axle, that can be driven by an appropriate angular velocity or torque
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This 1s illustrated on Figure 7, with a Mecanum wheel, where "frame a" is the fixed
wheel hub, the wheel 1s driven by the "speed" variable (angular velocity) "rollerRot"
creates the 45° rotation and "spoke" defines the position of each roller wheel around the
perimeter. The number of rollers is configurable trough a user-defined parameter.

rrrrrr Wheels r={0,0,0

B ——

%)
o)
rollerRot 3

speed
I speeder
e

tyreData

wheel data

frame_a

Figure 7: Mecanum wheel model of an individual roller in Modelica

An example animation result for six rollers can be seen on Figure 8 a). The spokes —
basically the vectors pointing at rollers' centers — are computed according to Figure 8 b).
Each wheel's local x-direction points forwards while the z-axis points upwards.
Together with the y axis these create a right handed coordinate system.

b)

Figure 8: Animation a) and virtual spokes b) of a Mecanum wheel

As the wheel lies in the x-z plane, the spoke vectors — starting at the wheel's origin —
are obtained the following way:

2mi 2mi
v; = R {sinT, 0, cos T}

3)

where 1 goes from 1 to n which is the number of rollers and R, 1s the spoke length.
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This approach 1s straightforward, since it copies wheel mechanics, and it does work
fairly well in simulation:

» Straightforward implementation.

»  Very easy to switch between different tire models.

» Implicitly handles roller inertia, and rolling resistance.

» The model demonstrates "bumpiness" when it rolls from a roller to another, real
mecanum wheels cause a bit of unevenness when rolling too.

» If simulation time is not an issue, adding more rollers and/or a better contact
geometry model could make it more realistic.

It also suffers from several disadvantages.

» Far from suitable for real time simulation. Complicated model - for a typical four
wheeled six roller vehicle, collision detection and force calculation has to be
carried out for 24 rollers.

» Relies on boundaries of original wheel model. The individual rollers operate at
extreme situations: up to 90° sideslip and camber angles. The tire model can
handle this, but it was not designed for it.

» Crude contact model, most Mecanum wheel rollers are conical. In order to make
them ride smoother, they have a varying cross section and rounded edges instead
of being regular cylinders. A better geometry model would add complexity (see
first point).

Naturally all these problems can be solved, however at a price of violating the
principle of the original goal of creating a simple yet realistic wheel model, using
available components. This approach would need a new contact model and a new roller
design, from the start.

2.3.2. Single roller model

To overcome some of the disadvantages of the model presented above another one
was created, based on a different approach. The main idea is to alter the force
generation method of a single tire to behave like an omnidirectional wheel, applying
some of the basic ideas summarized in section 2.1.

For a real Mecanum wheel the number of rollers touching the ground varies between
one and two, creating an angle dependent effect on the wheel forces. However, in this
model we assume that the force generation 1s continuous along the perimeter of the
wheel much like an extrapolation of the ideal case when the center of only a single
roller touches the ground. This is reasonable as the rollers are usually shaped in an
attempt to achieve this effect. (see Figure 2)

To describe the modifications let us introduce the notation system used in the Rill
model and the Modelica model for a regular wheel. They use the C (carrier) and W
(wheel) coordinate systems according to the TYDEX [22] notations. "The C-axis
system 1s fixed to the wheel carrier with the longitudinal xc-axis parallel to the road and
in the wheel plane (xc-zc-plane). The origin of the C-axis system is the wheel center.
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The origin of the W-axis system is the road contact-point defined by the intersection of
the wheel plane, the plane through the wheel carrier, and the road tangent plane".®

The unit vectors Cey, Ce,, Ce, and We,, We,, We,, point in the direction of the C and W
system axes. To accommodate the omnidirectional wheel, we define a Weg, unit vector
in the direction of the rollers' axis that is the direction it can exert force (see Figure 9)

Weg, = We, - Rot; (4)

where Rots 1s a 3x3 rotation matrix of 8.

X
Fpassive I Wer

Figure 9: Definition of roller vectors a)Tydex C-axis system b) Tydex W-axis system
¢) Forces in the ground plane, regular wheel d) Forces in the ground plane
omni-wheel

For the sake of simplicity we assume that the wheel does not exert any force to the
direction of We, - that 1s the free rolling direction perpendicular to Weg, . A more
detailed model could include roller inertia and/or rolling resistance. Having made this
assumption, we can make a further step by defining slip for the Mecanum wheel. In
most wheel models forces are generated as a function of slip, so this is an important

¥ http://ti.mb.fh-osnabrueck.de/adamshelp/ (accessed May 2012)
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aspect. Slip 1s defined separately for the x and y directions. Since our idealized roller
only generates force in the direction of its spin axis (Weg, ) we shall only calculate slip
in this direction. [18] defines slip as "total slip":

v
S=or T v= /VZ + v
Rl-Ql + Vium Where h Y (5)

R 1s the wheel radius, Q 1s the angular velocity, and V,, 1s a small number inserted
for numerical reasons. In our model we modify v in the slip equation:

Vmecanum = ’ Vfgw (6)

where vgy, 1s the projection of the velocity of the center of the wheel in the Wey,
direction.

After redefining the slip equation, all we need to do 1s equate static and dynamic force
equations with zero in the y direction and calculate force in the x direction according to
the Rill model using the modified slip equation. The direction of this force has to be set
to the direction of Weg,,. At this point the effects of camber, rolling resistance and bore
torque were not investigated.

3. Usage

The model described in this paper was used to simulate an industrial robotic transport
vehicle, a forklift with a Mecanum wheel and a three wheeled robot with § = 0° omni-
wheels. To use a Mecanum wheel, the most popular configuration is to put four of them
on a platform in a way so that the rollers on the ground form a rhomboid, for the other
platform a symmetric configuration is preferable Figure 10. (Other configurations, using
more wheels and asymmetry are possible, for a general kinematics discussion see [9])
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el 4
el 4

Ol P I s D =

Figure 10 lllustration of wheel setup for two popular omnidirectional platforms

To obtain the correct wheel setup the front left and the rear right wheels have to be
mirrored meaning that for them

Weyg,, = We, - Rot_ 5o (7)

Figure 10 a) depicts a model with the separate rollers model (section 2.3.1) for better
visibility of wheel orientation, naturally the same configuration is used in the single-
roller model (section 2.3.2) with - & rotation. The virtual experiments were carried out
on a flat surface, therefore to keep it as simple as possible, no suspension was simulated.
The platform body was represented by a mass with inertia, and the load by a point mass.

Wheel parameters can be set intuitively or by making simple measurements. At the
time of writing the author had no means to identify experimental parameters, so only
intuitively set values were taken. Basically a stiff wheel with small carcass was used to
model the lack of an inflated tire body.

The general kinematic equations for controlling the platform are well known from the
literature [14], [9] Mecanum platform:

Wy 11 —@L+wWy
w | 1[1 -1 —@L+w)|[*
w3 | Rl1 1 (L+W) (5
Wy 1 -1 (L+W) (8)

Where the w-s designate angular velocities for each wheel numbered according to
Figure 10, R 1s the wheel radius, L and W are length and width of the platform, v, vy
are platform velocities in local coordinates and () 1s the platform angular velocity.
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Three wheel platform:

V3
<w1> . 05 - -5 (ch
Wy | = — \/§ vcy
w3 Rios > -r Q
-1 0 -r )

By using these well known equations we were able to verify whether our wheels

move the platform as expected.
Figure 11 a) shows an experiment with single-roller Mecanum wheels. The arrows at
the wheels represent the driving force generated at the contact point.

‘T/-./.hsa

\
a) .\

Figure 11 a) Forklift model with single roller Mecanum wheels b) Three wheeled

platform with 0° omni-wheels

Figure 12 demonstrates the maneuverability of the platforms and the usability of the
wheel model. Captured moments of a turn-while-translate movement can be seen

(sampling not equidistant, for better visibility).

5. 0,900,909 o,

L]
.
¢

Figure 12 Turn-while-translate maneuver with zigzag movement

The platform continuously changes its orientation while translating in x and y
directions simultaneously. The blue curve represents the trajectory of a chosen chassis

point. The instantaneous speed vector is displayed as a green arrow.
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Figure 13 Angular velocity commands vs. time for a) Mecanum b) three wheel platforms
while performing a turn-while-translate maneuver with zigzag

Figure 13 shows the angular velocity control signals versus time, exported from
Dymola for each wheel. The angular velocities are constantly changing, to create the
prescribed motion pattern.

These robot models can be used for trajectory generation and controller design tasks,
as well as dynamic behavior tests for safety applications. A slip-based center of gravity
estimation method 1s described in [11], and a brake assistant for omnidirectional wheels
is published in [10]. For these works the single roller omnidirectional wheel model was
used.

4. Scope - future prospects

The model follows the structure used by the Modelica library so integration into
existing designs 1s simple. At this point the model has only been used for experiments
on flat ground and zero camber angle. As real omnidirectional wheels are usually used
under these conditions it is a reasonable simplification. However, modeling the effect of
small obstacles and ground inclinations could be an interesting research topic. In my
second — single roller — model the physical effects due to multiple individual rollers,
were totally neglected. In order to make the wheel model more accurate, further
dynamic effects such as roller inertia, rolling resistance could be incorporated. A
possibly more important factor is the consideration of roller discontinuities. When two
adjacent rollers come into contact with the ground, they might cause small fluctuations
in effective wheel radius, contact location and also change the slip characteristics when
multiple contact points occur. This effect could be incorporated by multiplying existing
force characteristics with an angle dependent function, related to this effect. The
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omnidirectional wheels that can be reliably modeled by my method are those that have
free rolling rollers on their circumference, shaped in an attempt to achieve smooth ride
and small contact point fluctuations. Further plans include verifying and calibrating the
model to a real mobile platform.

5. Conclusion

In this paper a method for modifying an existing, widely used tire model was
presented. By this modification the model is able to describe the force generation of a
class of omnidirectional wheels. The wheel model was implemented in Modelica in two
different embodiments, for two different platforms. The usability of the models was
demonstrated by applying them on an industrial forklift model. The model was created
with simplicity and ease of use in mind, so some effects of smaller importance are not
modeled. Some hints for the future extension of the wheel model were given at the end
of this article.
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