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Abstract— This article is aimed at obtaining a description The planar curvilinear motion can be decomposeal to
of the behaviour of an ideal differentially steereddrive  sum of linear (translational) and rotational motioRorce
system (mobile robot) and planar motion. The mathentical balance is the starting point for the derivationnaftion
dynamic model describing the motion (speed and digtion)  equations. IfF is actual force acting to a mass point with
of one robot’s point is created based on the firsprinciples massm and distance from the axis of rotation then it
approach. The trajectory of this point is convertedto  holds for a general curvilinear motion that vecam of

trajectories of wheel contact points with the planef motion. all forces acting to a selected point is zero —liseture
The dynamic behaviour of motors and chassis, form of [5],

coupling between motors and wheels and basic geomet

dimensions are taken into account. The resulting tijgctory E + mﬂ + md—axr +
depends on the supply voltage of both drive motorsThe dt
dynamic model will be used for design and verificabn of a inertial force  Euler's face
robot's motion control in MATLAB / SIMULINK simu- _ (1)
lation environment. + gmg,xd_r +max (@xF)=0
d

| S S—
Keywords — Dynamic system modelling, intelligent robnt Conons force  CeNUrifugd force

mobile robot. Application of this general equation requires
| INTRODUCTION specification of individual forces according to et
: conditions and/or eventually implementing otheriract

The paper deals with a dynamic model of an ideaforces. We will consider forces originated by thetion
mobile robot with differentially steered drive ssist and  of real body — induced with resistances (losseajlufition
planar motion. A single-axle chassis or caterpitlaassis to curvilinear motion forces.
is mostly used in case of small mobile robots fLtaster
wheel is added to a single-axle to ensure stabilityis
solution together with the independent wheel aminat
allows excellent mobility on the contrary to a clas
chassis — see a commercially available robot in Eighe
derived mathematical model comes from lay-out, mai
geometric dimensions and other features of thaitrafth
view of ideal behaviour of individual componentsdan
some simplifying assumptions. The aim is to create
model based on forces caused by motor torques o
independent wheel drives. The model will consist of
dynamic behaviour description of the chassis and DC
series motors. The presented motion model based o
centre of mass (primary element) dynamics is difier
from models reflecting kinematics only and commonly
used in literature — published e.g. in [2] or [S{andard
models describe robot's trajectory time evaluation
depending on known wheel speed (information from
wheel speed sensors) and chassis geometry — ogometr
published e.g. in [4] Our model extends standardiegho
with dynamic part describing wheel speed dependency Fig. 1. Differentially steered mobile robot.
the motor supply voltage by respecting dynamics,

construction, geometry and other parameters offtassis ~ We will approximate these forces in the simplest
and motors. manner to be proportional to a speed. Equations

The motor supply voltage actuating the wheel Caus%escribing dependences of linear and angular tels®f
driving torque and thereby wheel rotation. Inergaid U1¢ reference chassis point to actual wheel maitiages

resistance forces act against the driving torqueth B will be rgsult of the dynz?lmlc part. )
driving torques influence each other because osethe Selection of the point where actual translation and
forces. The planar curvilinear motion of the rolsotesult ~ rotation speeds will be evaluated influences sicgiftly

of various time variant wheel rotation speeds. initial equations and hence complexity of the resgl
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model. If the reference chassis point is at thereeaf not consider losses in the magnetic field but @ctric
gravity then initial equations of the dynamic pare¢ the losses in winding and mechanical losses propoititma
simplest but equations describing dependencieseeetw the rotor speed.

wheel speeds and linear and angular velocitiesrame First equation describes motor behaviour through
complicated. The centre of the axis joining the @8es  pajancing of voltages (Kirchhoff's laws)

the most common reference chassis point in litezatu .

Such a choice leads to the simplest recalculatiacial Ri + Lﬂ =Uy-Kw 2)
wheel speeds to motion equations of that pointdd-eatf dt

between these two approaches is chosen in our papefyhere

point at the centre of gravity projection to thésgrining

the wheels is selected. A tTrajectory (time courseg [€] .'S motoryvmdmg resistance,
computation of another chassis points (points wher [H] is motor inductance,
wheels meet the ground) supplements the dynamicopar K [kg.nf.s%A™ is back EMF constant,
the model. Uo [V] is source voltage,
Il. MATHEMATICAL MODEL w [rad.s' is rotor angular velocity and
The described mobile robot is driven by two DCi [A] is current flowing through winding.

motors with common voltage source and independent Second equation is balance of torques (electecgsi
control of each motor. The motors are connected thigh _ moment of inertidl,, rotation resistance proportional to
driving wheels through a gear-box with constantrgeathe rotation speed (mechanical losdds)load torque of

ratio. An ideal gear-box means that it reducesalilye the motorM, and torquéMly caused by the magnetic field
angular velocity and boosts the torque (nonlinesiare  which is proportional to current

not considered). Losses in the motor and also inyéae- M +M. +M. =M

box are proportional to the rotational speed. Thassis s 0 x T~ M

is equipped with the caster wheel with no influelce dw K . (3)
the chassis motion (its influence is included isise&ance JE*’ W+ M, =Ki

coefficients acting against motion).

The model of the robot consists of three relativelyWhere i N
independent parts. Description of the ideal DC eseri Y [kg.n] is moment of inertia,
motors is given in section A. Two equations describés [kg.nT.s'] is coefficient of rotation resistance,
dependency of the motor rotation speed and cugent M, [kg.nT.s? is load torque.

the power supply voltage and loading torque arateel . ]

to chassis dynamics. Motion equations are preseinted B. Chassis Dynamics

section B — dependency between linear and angular Chassis dynamics is defined by the vector of linear
velocities of the reference chassis point on toscaetiing  velocity vz acting on the reference chassis point and with
on driving wheels. Section C is dedicated to equati rotation of this vector with angular velocitys (constant
describing how the motor speed influences tramsiati for all chassis points). It is possible to calcelahe
and rotation speeds of the selected point andwplede  trajectory of arbitrary chassis point from theseialles.
model formulation. In the last Section D, the motel The point B for which the equations are derivedhis
transformed to a simpler form which is more suiatdr  centre of gravity normal projection to the axisnjog the
next using and for trajectory of an arbitrary pointwheels — see Fig. 3. This leads, according to thieoes,
calculation. Equations describing trajectory cor-to the simplest set of equation for the whole motlé
responding to the contact points of the driving aaster  consider the general centre of gravity T positiamsually

wheels with the ground are formulated. it is placed to the centre of the join between dee
A.DC Series Motor Dynamics =S

An equivalent circuit of an ideal DC series moto} ib . A AR
in Fig. 2. It consists of resistance R, inductahcand 7 * o

magnetic field of the motoM. The commutator is not

considered. The rotor produces electric voltageh wit *

reverse polarity than the source voltage — eleaitive ) v e e\ 2
force which is proportional to the rotor angular velgait - X df’\jé oA
The torque of the rotdvly, is proportional to the current N, N BN
\
-~ %
, . N
¥ = Ma/r “\
Fo= Mao/r /
Mp-= 321y ®
Mp-= ¥l
2w
s
Fig. 3. Chassis diagram and forces.
Fig. 2. Equivalent circuit of motor. We consider forces balances as starting equatibiss.

possible to replace two forc€ andFr acting to chassis
in left (L) and right (P) wheel ground contact psimvith
one forcelg and torsion torqu#lg acting in point B. The

Ideal behaviour means that whole electric energd us
for magnetic field creating is transformed withaary
losses to mechanical energy — torque of the muterdo
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chassis is characterized with radius of the driwgeels  where

r, total massm, moment of inertiady with respect to the 3. [kg.n?] is moment of inertia with respect to the
centre of gravity located parametérd,, Ip. centreof gravity and

Let us specify equation (1) for our case. The posiof |, [m] is distance between the centre of gravity and
the centre of gravity is constant with respecti® axis of point B.

rotation so we do not need to consider Coriolicdor ) ] )
Similarly we do not consider the centrifugal foree C. Relationship between Rotation Speed of the Motor

chassis is supposed to be solid body representggaisit and the Centre of Gravity Chassis Movement (kinesjat

mass (centre of gravity). Because the force vesaasing The equation describing the behaviour of the two
the movement acts in the point B and goes throbgh t motors (currents and angular velocity) and the bieka
centre of gravity it is enough if we consider tmertial  of the chassis (the speed of the linear movemehspeed
force by linear motion. At a rotational motion i#  of the rotation) are connected only through torqoés
necessary to consider torque caused by EulerseforGnotors. Equations of the law of conservation ofrgpe
because the axis of rotation does not go througfuéintre  \yhich is conversion of electric energy to mechanica
of gravity. including one type of losses but represent only one
By the balance of forces causing linear motion vile w relationship between the speed of the two motors
consider force$ |, Fp caused by the drives, inertial force (peripheral speed of the drive wheels) and rates of
Fs and resistance fordeé, which is proportional to speed movement and rotation of the chassis. An additional

vg. The balance of forces influencing linear motisn i relation is given by design of the drive and ctas#/e
F +F.+F~+F.=0 expect that both drive wheels are firmly linkeddtors of
LR TToTTSs relevant motors over an ideal gearbox with the gato

Mol , Mep _ Vg — md%e _ ¢ (4)  pe— without nonlinearities and any flexible parts.

r r Y dt The gearbox decreases the output angular velogity
where with relation to the input angular speegl according to
m [kg] is robot mass the transmission ratips and simultaneously in the same

ka.sh i ist ’ ficient inst i proportion increases output torgMi, with relation to the
k, r[ng;cisog] is resistance coefficient agains mearmput torqueM,.
Mo,  [kg.nf.s? ?s torque of the Igft driv.e, s, =4 Wep =% (7a)
Mee  [kg.nf.s?] is torque of the right drive, Pe Pe
Vs [m.sY is linear velocity and Mgl = PcM Mgp = PcMp (7b)
r [m] is radius of the wheels. Further we assume that both drive wheels have the

The balance of torques is slightly more complicatecdsame radius and their peripheral speeds ve depend on
because the rotation axis does not lie in the eeafr the angular velocity of the gearbox outpag,, awsp
gravity. That's why it is necessary to take intoaccording to relations
consideration not only chassis momentiy, but also

s @
torqueMe = |1 Fe caused by Euler’s forde:. Similarly as vV Srag =r—=
at a linear motion we will consider torqiv, caused with P
the resistance against rotation to be proporticoathe _ b (7c)
angular velocityus. Vp =Tgp = rp—
G
Mg, +Mgp +Mgy +M; +Mg =0

To determine the value of the linear speed in thiatp

MaL dag _, (5) B and the angular velocity of rotation let us stevt Fig.

dagg

_ MGP _ - -
r I+ r lp kot = Jr dt lrm dt 4. We expect that both drive wheels have the satiseoé
where rotation and therefore their peripheral speedsabsays
. . . parallel. The illustration shows the positioninges the
lp [m] IS d!stance of the right wheel from POINtB,  peripheral speeds;, and ve actually operate (driving
I [m] is distance of the left wheel from point B,  wheels L and P) and the point B. We want to spestifsh
I+ [m] is distance of the centre of gravity frommioi @ linearvg and angulaty; speeds that have the same effect
B, as the action of the peripheral speed of the dyiwheels.
Ay ; . i<+ By using the similarity of triangles depicted irgF4 we
K r[g?égiﬁa} ml(')s,tio;esstance coefficient - against can recalculate the peripheral speeds of the whegels
3 kg.n?] | ' t of inert ith - to the speeds; in the point B according to relation (8a)
T [kg.nT] is moment of inertia with respect 0 ;4 the angular velocity of rotatioms according to the
rotation axis in the centre of gravity and relation (8b)
I3 [s"] is angular velocity in point B. vl vl )
The resulting moment of inertiy with respect to the Vg = LIP 0 L= (I 7 )(|pa4_ +I|_w|3) (8a)
rotational axis in the point B is given by Eq. (@ich is Lp PellL *lp
the parallel axis theorem or Huygens-Steiner theore Vg _VpV r
see e.g. [5]. 23 = = (- +ap) (8b)

CxHl I+ pell )
Jg = J; +mi ©)
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Fig. 4. Linear and angular speeds recalculations.

We can determine from the linear speedvgfand
angular speedas (motion equations) current rotation
angle a of the chassis and the current position (the
coordinatesg, yg) of the point B [7] according to relations

da _

o “e (9a)
dd—xf = Vg COS@) (9b)
dstB =vgsin(a) (9c)

To determine the current position of the contattallo
three chassis wheels (points L, P and K) with gdowe
need to know the location of these points in retatd the
point B. This location is shown in Fig. 5. From gesdric
dimensions we determine equation describing thaivel
position of these points in relation to the point
depending on the angle of rotation.

Relative positiondx , Ay, of the point L and\xp, Ayp
of the point P depending on the angle of rotatioare
given by

Ox =-l sin(@) Ay, =-I_cos@) (10a)

(10b)

To determine the relative positidixg, Ayk of the point
K we use an auxiliary right triangle specified by
hypotenuse& and catheta andlk (see Figure 5). Then the
equations for
calculating are

a:%(|p -1,) y:arctarE?I/K) C:W

Ay =ccos@ - y)

Mxp =+lpsin(@) Ayp =+l cos@)

(10c)
Ax =-csin(@-y)

The dynamic part of the model consists of four

differential equations describing the behaviour both
motors, two differential equations describing tiyaamics
of the chassis and two algebraic equations wit
dependency of the linear and angular chassis sjpeeitie
peripheral speeds of the driving wheels. We cad fin
these equations eight state variables describmgutrent
state of the left motor (current, angular velocity of the
rotor &}, loading torqueM,) and the right motor (current
ip, angular velocity of the rotoas, loading torqueMp)
and the movement of the chassis (linear spgednd
angular velocity of rotatiols). All the state variables are
dependent on the time courses of the power ofettiéJ]
and rightUps motor.
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relative coordinates of the point K

va(t)

a=(| P | L) /2
y=at an(a/l )
c?=l P+a?

X

Fig. 5. Arbitrary chassis point recalculation.

Each motor has its own power supply voltage, Ur)
taken from the common source of the voltagle The
supply voltage control of both motors using ametifivith
the control signaly, is shown in Fig. 6. Because both
motors are powered from the common source it véll b
taken into account also effect of the internalstasiceR,.
Both motors are considered with the same param&tées
can write with using the Egs. (2) and (3) and Bidour
differential equations describing the behaviour bofth
motors as

RiL"'Rz(iL"'iP)"'L%:ULUo‘K% (11a)
. o dip _
Rip + R, (i, +ip)+ L =usUo—Kap (1)
d .
384 Lk +M =K, (12a)
dap .
J—t+kra43+MP—K|P (12b)

h

Fig. 6. Motors wiring.

Differential equations (4) and (5) describing the
behaviour of the chassis complete the dynamic madel
can rewrite these equations with respect to thatems
(7) and introduction of the "reduced" radius of thieeel
re and total moment of inertily (13a) as

's =— Jg=Jr +mk

Pe (13a)
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Pop +Popy — _ . dvg _ calculation of coordinates of the position of awoiy
P LT Ve kg M5 = points of the chassis.
dvg (13b)

M, +Mp —rgk,vg —rgm——== Us R R, L \—b aft)

dt K, kp, J _ o Iy T
o o da m, Jr, Ko, kel Te, I 7] 2, s x
_| FPc Pc _ _ 2|Uap _ uL(t) linear dynamic part of [ <] nonlinear ~ | caloulation {1 yi(t)
I ; M +lp ; Mp =K, s (JT+m|-|-) . =0 t near dnarmic part 2| "o a{ “anet. [T 20
(13c) ur(t) i model =N points Y»?Eg
iL(t), i(t = ion [T¥ X«
LM +1pMp — ks — 16 dag 0 o, el B
dt ML(t), Me(t) > xa(t)

It is possible to rewrite the last two algebraicatipns, > ¥ell

(8a) a (8b) describing the dependence betweeniatat
speed of both motors and chassis movement using tl._
substitution (13a) as

Fig. 7. Model partitioning into linear and nonlimexzart.

We can modify the linear part of the model into a

o simpler form for control design purposes — to reduc

Vg = (IPwL +ILwP) (14a) number of differential equations from six to folfr.we
I +1p substitute equations (14a,b) into (13b,c) and etitei
r torquesM_ andMp by substitution of (12a,b) to (13b,c) we
W = < (—aAL +a43) (14b) are able to reduce four differential equations (iPa
I +1p (13b,c) into two (17c,d).

These six differential equations (11a,b), (12a13b,c)
and two algebraic equations (14a,b) containingtestgte
variables representing a mathematical descriptioth®

We introduce substitution of the parameters acogrdi
to following formulas

dynamic behaviour of an ideal differentially stekre aL:kr+kVIPrG aP:kr+kV|'-rG (16a)
mobile robot with losses linearly dependent on the [ +1p I +1p
revolutions or speed. The control signajsand up that
control the supply voltages of the motors are input b = +m|PrG b = J + ml_rg (16b)
variables and the speed of the movenwgrand speed of - I +lp P I +lp
rotation ai are output variables. From them with using ) )
equations (9a) — (9c) we can determine the current c =kl + Kofs co =kl + Kol 16
coordinates of the point B and angle of the deass R T ST (16¢)
rotation . ) )

In the following calculation of steady-state valifes d =3 +38G do = J1. 4+ I8¢ (16d)
constant motor power voltages is given. The calimriaof Lo 4 PP+

L P L P

the steady-state is useful both for the checkindesived
equations and secondly for the experimental detextioin
of the values of the unknown parameters. Becau
equations. (11)-(14) are linear with respect to stae
variables the calculation of the steady-state lemds
system of eight linear equations which we can wvintthe
matrix form as

[RtR, R, K 0O 0 0 0 o1
R, R*R, 0 K 0 © 0 0 LU
K 0 -k 0 -1 0 0 0 e | |Up
0 K o0 -k 0 -1 0 0o |« 0
0 0 0 0 1 1 -rgk o |« |_|0 (15)
0 0 0 0 -l Ip 0 -k, | M. 0

M
0 O 1, I, o o -k*o 4 Pl |0
Is Vg 0
0 o -1 1 0o o o -efhjal o]
L 's |

D. Computational Form of the Model

A mathematical model will be used in particular floe
design, simulation and validation of the controlveiment
of the robot. The model can be divided into threges-
involved parts as shown in Fig. 7. From the conpaiht
of view the action variables are signais and up that
control the supply voltage of the motors.
instantaneous speeg and speed of rotatiomy are output
variables of the linear part of the model. Thesgatdes
are the inputs to the consequential non-linear pathe
model (9a,b,c), whose outputs are controlled vietab
the coordinates of the selected point positignys and
rotation angle of the chassis. The last part is the
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The

The reduced linear part of the model consists efsit

& equations

dip _uUs-Ka -(R+R,)i, —Rjp

(17a)
dt L
dip _ upUp-K.awp -(R+R,)ip - Rji, (17b)
dt L

day _ 1

dt b dp +bpd,
~bp[K (=10, +lpip)+ L ~Cpap))
dg:P = b d, ideL (de[K(, +ip)-a @y ~apwp]+
+b [K(=1LiL +1pip)+ cLa —cpap]) (17d)
and the output variables are given by algebraiatoys
(14a,b).

It is possible to write the reduced linear parttioé
model as a standard state-space model in the nfatrix
28

as
u= {UL} y =[VB} (18a)
Up Wy
Wp

with constant matrice&, B andC

(dP[K(iL +ip)-a @ _anP]_
(17¢)

iL
—=Ax+Bu ip

y =Cx
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i _R+R, R _K 0 1 Notation Value Unit Description
L n T coefficient of the
R _R+R, 0 K K 0.002 kg.rs? resistance against rotating
_ i L n of the rotor and gearbox
A= K(dp+bpl) K(dp—bplp) _dpa,+bpc, _ dpap —bpcp Pe 25 gearbox transmission ratjo
b.dp +bpd,_ b dp+bpd, b dp+bed, b dp+bpd,
K(dy _bLlLL) K(dy +bL|PL) _dia -be _diapthece
[ budp +bpd, b dp+bpdy bdp+bpdy by dp +bpd | A. Steady State for Different Positions of the Point B and
U, 0 Motors Voltages
L 00 e ILre The steady states are calculated as a solutiomeof t
g=|l 0 Yo| - Io+lp I+l system of eight equations in matrix form (15). Bmof
L __Te 's the wheels are shown during the first 20 seconds of
0o 0 00
I +lp I +lp motion from zero initial conditions — calculatedorfn
Lo 0 state-space model (18) and from the equations Her t

trajectories calculation (9, 10).

I1l. EXAMPLE OF THE BEHAVIOUR

Basic verification of the above derived model wasim SFET/fD‘i'-;L“T-E A
by calculation for situations where we can guess th
behaviour of the robot. First value of the statealdes in left wheel right wheel
steady states will be given for some combinatiohs_ a u 1.000 1.000 N
parameters and motor supply voltages. Further time— 0.050 0.050 m
courses of the robot trajectory will be determif@dsome : 13514 13514 A
combinations of the time courses of supply voltaghen : : T
the robot is starting from zero speed. w 6.75 6.75 rad:
The values of the parameters listed in the follgwin |__M 0.000001 0.000001 N.m
tables are used in all calculations. These valteslzosen Ve 0.0013513 m3
so that they at least roughly correspond to theiegl s 0 rad.s'
estimated for the robot in Fig.1. The values oé th Trajectory of wheels LK.P
geometrical and other parameters of the chassibsted S EEEEEEEEE e R EREEE
in Table I. ! ! \ \ ! !
TABLE | 02f g R
. | | | |
CHASSISPARAMETERS ! ! ! !
Notation | Value Unit Description = e s il R B I
A £ | | | |
I, 0.040 m distance of the left wheel from s | | | |
point B T e
distance of the right wheel from | | | |
I 0.060 m point B | | | |
distance of the centre of gravity 005 F———q-—-—F—~— it [ et By
Ir 0.020 m from join between wheels | | | |
| 0.040 m distance of caster wheel from } } } }
K : join between wheels %015 01 005 0 005 01 o015
R 0.050 m semi-diameter of driving wheel > ™
1.250 kg total mass of the robot
K, 0.100 kg.s-1 | coefficient of the resistance Trajectories are plotted for the situation that dnigin
against thi robot "”ia'hm"t'g” of the coordinate system is in the centre betwéen t
moment of inertia of the robot - \yheels, which is on the x-axis and the defaultrasition
Jr 0.550 kg.m2 with respect to the centre of .. . . . .
gravity of the robot is in the direction of the y axis. Tétarting
coefficient of the resistanck and final positions of the robot are displayed gsihe
ko | 1.350 | kgm2.s-1| ooingt the robot rotating triangle that connects all three wheels. The ttajgcof

the centre of gravity is displayed (red colour)anidition

Necessary parameters for the DC motors with commoto the traces of the wheels.

voltage source description are given in Table lle W
consider identical motors with identical parameters

TABLE II.
DC MOTORSPARAMETERS
Notation Value Unit Description
R 2.000 Q motor winding resistivity
L 0.050 H motor inductance
K 0.100 kg.M.s2.A? | electromotoric constant
R, 0.200 Q source resistance
Uy 10.00 \% source voltage
total moment of inertia of
J 0.025 kg.rh the rotor and gearbox
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The steady-state A (Table I1ll.) corresponds to the
geometric arrangement — the point B is midway betwe
the wheels and both motors have the same suppiygeo!
The result is that the robot moves only linearly.

The following three experiments show the influen€e
the centre of gravity position.

The steady-state B (Table IV.) holds again for the
symmetric geometric arrangement but only one mistor
powered.
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The steady state C (Table V.) shows the situatiche TABLE VL.
case that the point B is in the extreme positiavarals the STEADY STATE D
left wheel and only the left motor is powered. left wheel right wheel
The steady-state D (Table VI.) corresponds to #mes u 0.000 1.000 -
position of the point B towards the left wheel baty the | 0.000 0.100 M
right motor is powered. i -0.2773 1.6286 A
w 0.2842 6.4721 rad’s
M -0.00334148 0.00334159 N.m
In all three cases the robot rotates and at the sene Vs 0.0005686 m:35
the point B has some linear speed. Both wheelsugmd w 0.7776 rad:3
translational movement because of the interactions. Trajectory of wheels LK,P
ok ool 1]
TABLE IV. ; ‘ | | ‘ | | |
STEADY STATEB 008 N\ — - g N e
left wheel right wheel | | | | | \ |
U 0.000 1.000 - - R R A N
L 0.050 0.050 m _ ‘ ; ; ‘ ; ; ;
I -0.2772 1.6287 A %004 S N N
w 0.2842 6.7818 rad’s i T HE
M -0.001176 1.03010 N.m sk L o
Vg 0.006757 m.3$ ! !
w 0.7776 rad3 ARy SN
Trajectory of wheels L K,P | | | | | | | |
T T T T T T T T | | | | | | | |
0_1774‘777:777 ‘ ‘7774‘777:7774‘7,,:,, —0‘.1 o.‘os o.‘os 0.‘04 —0‘02 ‘0 0.‘02 0‘04
T T~ 5
| | | | | |
sl N B. Dynamic Behaviour for Particular Cases
E LT O\ The dynamic behaviour is demonstrated on the time
“ oo N T courses of currents and angular speeds of the sotor
! ! ! Lo starting from zero initial conditions. Graphs igF8 show
0.02 S de - courses of the supply voltages, currents and angula
; ‘ speeds for the case that the point B is in the laidd
OF—g-----3 ‘ ‘ ‘ ‘ ‘ between both motors with the same constant voltagé.
R S T S S SR S The situation corresponds to experiment with the
-0.1 0.08 0.06 0.054)( (m)0.02 0 0.02 0.04 pal’ameters |n Table ”I
Driving voltage U Driving woltage U
| | | | | |
TABLE V. ;4”"17"7"7"7 94”"17"7"7"7
STEADY STATEC e et e et
left wheel right wheel o g 1;0 1;5 - o5 ‘5 1;0 115 »
u 1.000 0.000 - Current i Current i,
[ 0.000 0.100 M ! ‘ ‘ ‘ 1 i i ‘
i 1.6288 -0.2773 A _ ! ! ! _ ! ! !
) 6.4721 0.2842 rad’s A A it ettt T T i it i A
M 0.00334400 -0.00334141 N.m
Vs 0.0129441 m3 % 5 m I 20 % s m - 20
s '07776 rad '—é o Speed o o Speed o,
Trajectory of wheels L,K,P : : : : : :
e S ERNR NI e o - e e
| | | | | | | | | & | | | & | | |
R R R | | | | | |
! 0 | | | 0 | | |
[ 0 5 ) 10 15 20 0 5 10 15 20
0.08 : -= = ‘ time (s) time (s)
| |
2 0% /A =t S - Fig. 8. Dynamic behaviour — constant supply vatag V for both
s / | motors.
4
! A situation where the point B is in the middle betn
= both motors with the right motor voltage 10V only
! corresponds to the experiment with the parameters i
T Table IV. and it is demonstrated in Fig. 9.
0.‘12
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Driving woltage U Driving wltage U Chassis speed Vg Rotation speed A%

v (m/s)
w (deg/s)

Trajectory of wheels L,K,P
T )

time (s) time (s)

Fig. 9. Dynamic behaviour — constant supply vatag V for right Fig. 11. Dynamic behaviour — periodic voltagepeesis and

motor. trajectories.
An illustrative example of behaviour in the sitoati
when both voltages are periodic and with different IV. CONCLUSIONS
amplitudes is in Figs. 10 and 11. The behaviour of the dynamic model in the simulated

On the left motor a rectangular train of pulseshwit situations agrees with the expected behaviourefabot.
period 20 s, duty cycle 50 % and amplitude 3 Vpigliad. ~ The position of the centre of gravity does not ciffine
On the right motor a rectangular train of pulsedaibled behaviour in steady state. The immediate lineaedpe

period 40 s and amplitude 4 V is applied. the point B depends on its position but the trajees of
The corresponding vehicle motion — wheels trajéeesor the wheels are independent on the position of diiet 8.
—isin Fig. 11. The interaction of the two drives was confirmedeTh

wheel without supply voltage rotates, because @ th
forces of inertia and the forces of resistance.tha
Drivng woltage Uy Driing voliage Uy transient state, this can cause change in direciahe
a1 . I Lo wheel rotation. This situation is seen in Fig. 9.

Motor dynamics is negligible compared with the
expected dynamics of the chassis for the estimaistor
parameters. Because the parameters of the model hav
physical meaning it will be possible to measureatly
some parameters on a real device. The identificadid
additional parameters will be possible experiméntal
from the measured time courses of power voltages an
corresponding courses of angular speed of the wheel
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