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ABSTRACT

This paper presents the development of a contrdieifor Mecanum wheels. Available
control models used in robotics are based on a iicgtion which defines the contact point
of the wheel on the ground as the point in thereenitthe wheel, which does not vary. This
limits the smoothness of motion of a vehicle enmpiothese wheels and impacts the
efficiency of locomotion of vehicles using Mecamumeels. The control model proposed
accounts for the fact that the contact point int fe@ltanges position down the axle of the
wheel as the angle roller moves on the ground.gakiis into consideration makes control
of the wheels more predictable and accurate.
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1. INTRODUCTION

Modeling of a Mecanum wheel vehicle for the purposd robotic control has been
investigated in other works [1], [2], [3]. These nk® are based on the simplification that
defines the contact point of the wheel with theugiehto be positioned on the circumference
of the wheel, but in the centre of the wheel’s Widt

When the wheel in motion is examined closely ibixserved that the contact point moves
from one side of the wheel to the other as theamtrpioint moves down the angled roller.
This fact is not mentioned at all in [2], and whilés mentioned in [1], it is not added to the
mathematical analysis of the problem. A more reqaayer [4] pointed this out, but the

analysis of the model is different to the one psgubin this paper.

2. MODELLING THE PLATFORM

A Mecanum wheel is a wheel with a number of rollmanged around a hub at a predefined
angleb, usually +45°, to the rotational plane of the witeeecan be seen in Fig.1.

2.1 Whed Forces

When the wheel rotates there is a force appliedndibnve roller axis, generated by the torque
applied by the motor shaft, this force acts atdhme angl® to the wheel plane. The rollers
rotate freely about their respective axes as thalyencontact with the ground.
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Figure 1: Mecanum Wheel Figure 2: Forces actingeodlecanum wheel
vehicle

In Fig.2 a local co-ordinate system is defined witlo orthogonal axess andy. Positive
rotation is defined as anticlockwise around thgiariThe wheels are made and attached such
that the forces produced by the wheels act in tleetibns of the dotted lines in Fig. 2. These
wheel forces can then be split ictcandy components and summed to get the following
equations (1)(2) defining the total force appliedhe vehicle, the subscrift is applied to
show that these are total forces:

4
Fpyi = Z E,i @)
w=1
4
FTyj = Z waj (2)
w=1

Wherei andj are unit vectors in th& andy directions respectively and represents the
wheel number. If there is pure translation, i.e.ratational motion, then the direction of

motion, which makes an angtewith thex-axis can be shown to be,

— F Ty
a = arctan——
FTx

If there is rotational motion then moments are ta&wound the vehicle centre at (0,0), which
results in an equation for torqug,which will result in rotation of the vehicle. Thmesulting
torque can be expressed with the following equation

T = (_Fxl - sz + Fx3 + Fx4)ly + ((Fyl - Fyz - Fy3 + Fy4)) lx

Wherel, andl, are half the wheel base and track respectivelyaaedhe radii at which the
forces are applied by the wheels.
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For the dynamic case Newton’s Second Law allowd$dhewing equations to be applied:
mx = FE, —cx
my = F —cy

IO$ = T— CZ(IS
Wherec, , , are the viscous damping factors for motion in tiivee dimensionsn is the
mass of the vehicle angis the moment of inertia of the vehicle. Becausg ihnot a spring

system, there is no displacement term and in #edgtstate case all accelerations are zero:
Fx _ Fxi+ Fxp + Fx3 + Fxy

-
I

Cx Cx

Fy _ Fyi+Fys +Fys +Fys

-
Il

Cy Cy

- T _ (=Fx1—Fxz+Fx3+Fxa)ly+(Fy1—Fy2—Fy3+Fys)lx
q) - Cz N Cz

In the steady state case the velocities are shattnaw to differentiate them from the case

when the vehicle is accelerating.

This implies that in the steady state the vehiel@city and, by implication, the wheel

velocities, are proportional to the forces appbgcach wheel:

4
Ve YR, 3)
w=1
and so, because this is a rigid body, for trartati motion
V=V, w=1-4 (4)

2.2 Whesd Velocity

Consider Fig. 3, the dotted lines represent thie fzkten by the contact point of the wheel
with the ground when the vehicle is moving straifgintvard, note that this contact point
moves back and forth along the wheel axis. Thezbatal dotted lines are discontinuities
where the contact point transfers from one rotbethe next, however for the purposes of
calculation the vector origin is put halfway alahgs line. The diagonal dotted line is in the
same direction as the roller axis.
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Figure 3. Wheel displacement vectors

The vertical solid line represents the displacemrentor due only to wheel rotatic&h, in the
positivex-direction. The solid lin&g represents the displacement due to rolling, in the
direction orthogonal to the roller axSrepresents the resultant displacement of the wheel

The anglex is the direction of the resultant displacementme@nd is measured from tke
axis, @ is the angle that the roller makes with #axis. The above displacement vectors
translate to the velocity vectors when differemtthtvith respect to time, resulting in Fig. 4.
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Figure 4. Wheel velocity vectors

In Fig. 4, is the wheel rotational velocity, positive rotatieesults in a positive velocity
vectorwri along theX axis,r is the wheel radius ands a unit vector in th& direction.
Consider that the components along the roller alxieewri andV vectorsare equal, hence

wrcosf® = Vcos (0 —a) (5)
= wr =y cosO-a) 0+ +nmne€ L (6)
cos@ 2
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Wheng = g + nm , the rotation of the wheel results in no transtal motion. Whed = nrr

the wheels become “standard” 90° omni-wheels, ibthé configuration of a Mecanum
vehicle this will allow only forward motion, omnigctionality is lost. Additionally any
external force in th& direction will result in motion in that directiors @ahe rollers will allow
free motion in those directions.

Equation (6) results in an equation for the maglataf the velocity in the direction

cos 6 T
V. =0T e (0—a)#s+nmne L (7)
When(6 — a) = =, the rotational speed of the wheel must be Zmrbany value of

2 )
translational motion is valid as this is drivendifier wheels on the vehicle.

2.3 Whed Vdocitiesfor Trandational Motion

The equations for the forces acting on the velaole the vehicle velocity can be used to
calculate the wheel velocitie®) required to move the vehicle in any particulaediiona at
any particular speed. Assume that there is enough motor torque to aveecfriction in the
drive train and rolling friction and that the veleics in steady state. It is known from (3) that
V, «< Fr and from (4) thatl}, = V, because this is a rigid body. Using (6) we get@uation
for wheel rotational velocity,:

__ Vcos(6y—a)

Wy 9¢§+nn;nEZ 8)

Tw COS By,

2.4 Whed Veéocitiesfor Rotational M otion

It is now possible to define equations for rotatidrthe vehicle around any point in the plane.
In this case the angtedefining the direction of motion of an individuaheel is no longer

the same. It varies depending on the position@ttntre of rotation. For (8) to be applied an
additional calculation must be made to determiner =1 — 4.

At an arbitrary point in time it is desired thaethelocity of the origin of the vehicle be
V =iV, + jV, and the rotational velocity bl around the resulting Instantaneous Centre of
Rotation (ICR)[5]. The radius to the ICR in Figsbthen:

V

R =-— (9)
¢
and
Y
y = atan7 (20)
X
which allows us to define the position of the ICR:
X, = —Rsiny (12)
Y, = R cosy (12)

Consider Fig. 5, we again define a local referdramme with its origin at the centre of the
vehicle. For the purposes of the geometric calmrawe now fix the contact point of the
wheel with the ground at the centre of the wheeltth.
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ICR(X,,Y)

Figure 5. Vehicle and ICR Geometry

Each wheel is then defined by its positipandY,,and the orientation of its rolle¢s Let 5,

be the angle from thé-axis to the ground contact point of wheglthen

X
B = arctany— (13)

w
Let a,, be the distance from the origin to the contact poirwheelw, then

ay, =+X%+Y}2 (14)

In the case of a Mecanum vehicleajlshould be equal and constant as the geometreof th

vehicle is fixed and symmetricg®, can be pre-calculated and will remain constanindgJs
(9),(10) ,(13) and (14) it is now possible to cédte the distance from the wheel contact
point to the ICR. Let, be this distance

cw =+a% + R?—2a,Rcos(B, +7) (15)

The resultant wheel velocit, must act perpendicular to the liogwhich makes an angle
pw With theX-axis, note that in Fig. A, is negative, which follows sincg — X,,will be
negative

YI_YW)

py = arctan ( X =X (16)
w

>a, = % + pw 17)
Given (9), the instantaneous resultant velocitthefwheelV,,, orthogonal to the line,, can
be shown to have a magnitude of.
Vol :Cwld)l (18)
Equation (18) can now be substituted in (8) toakew,,, resulting in

w, =2tosbu-ay) 0% +nmnel  (19)

r cos 6,
Which is a general equation giving wheel veloeityin terms of the position of the ICR
(X1,Y)) and rotational velocity around this point, ultit@ls in terms of velocity and

rotational velocityp. The application of this equation follows a mapproach similar to

[6].
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3. TESTING THE MODEL
3.1 SingleWhee Tests
A test platform was designed to run tests on aeiklgcanum wheel. The wheel motion was

constrained on a belted treadmill, which was im tonounted on a turn table as shown in Fig.
6.

Figure 6. Mecanum Wheel Test Platform

The tester is equipped with quadrature encodeth@wheel and the treadmill to measure
relative speeds. Fig 7. shows theoretical vehtcta@mill) speeds at varying wheel speeds
(w) and anglesd) as calculated by (7). At -45° and 135° the prisdiozehicle speeds tend
towards infinity as the equation reaches an asytapidis corresponds to when the vehicle
is moving at 45°and the wheel rotational velocityero, but the wheel translational velocity
is nonzero. Some of the data points approachisgatsymptote have been removed in Fig 7.
making it clearer to view.
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Figure 7. Theoretical wheel speeds
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Tests were performed at various speeds up to dnaaybmaximum speed determined by the
available torque of the motor.

Normalised resulting treadmill speeds o15
20
o25
o30
W40
o50
m60
ov7o
W30
m90

Normalised o100

treadmill speed

100

Input voltage
percentage (%)

Angle of wheel to treadmill (Degrees)

Figure 8. Test Results

While the results shown in Fig. 8 do not matchphedictions exactly there is some
correlation. The primary reason for the mismatch known problem with the equipment. As
the wheel-treadmill angle is changed, the wheettexaore and more force sideways on the
belt, this results in the belt rubbing againstehd plates of the treadmill. This problem
requires modification of the test equipment; whaiter more tests will be conducted as part
of an ongoing research project.
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3.2 Vehicletests

A locus described in [7], shown in Fig 9. was usetkst the application of (19) on a custom
Mecanum vehicle. The test described was perform#dne feedback as yet; all wheel
motors are controlled with open loop controllers.
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Figure 9. Benchmark locus Figure 10. Laser Scamasults

Position and direction data was captured usingk IS1S200 Laser Scanner. A flat board
was mounted longitudinally on the platform to paevidirectional information. Data was
captured from the laser scanner as the platforfoimeed the pre-programmed locus. The
locus begins at the bottom right hand corner of E{y All the motion required to
demonstrate omni-directionality can be seen. Oeedlack control is implemented it should
follow the locus more closely.

4. CONCLUSION

A mathematical model relating the rotational vetpcof a Mecanum wheel to its
instantaneous velocity has been derived, taking atcount that the position of the
ground/wheel contact point moves within the widthhe wheel as the wheel turns.

Tests were conducted to show that the model warks fsingle wheel and a vehicle using
four wheels.

5. FUTURE WORK

More tests will be run on the single wheel testeeliminate some of the errors seen in the
current results.

Feedback control will be implemented on the vehideallow it to follow a path more
closely.
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