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DESIGN OF A FUNCTIONAL MODEL OF A THREE-WHEELED MOBILE ROBOT

Mobile wheeled robots are one of the most widespread group of service robots today. The simplicity of their design and
their ability to better negotiate difficult terrain places them at the forefront. In practice, it is possible to find a variety of mobile
wheeled robots, which differ from each other in the number and arrangement of wheels, the variety of structural design, or the
suspension of the wheels and their suspension.

Current statistics confirm that mobile service robots on wheeled chassis are the most numerous design of all realized
applications, technical practice has filled with the diversity of their design solutions. The diversity of wheeled mobile service
robots is mainly in the design of the wheeled chassis, the solutions range from single-wheeled to multi-wheeled concepts, from
simple variants of the chassis layout to special or combined systems.

The purpose of the article is the design of a three-wheeled robot, which will include the derivation of a mathematical
model, the construction of a simulation model and the creation of a model in CAD software. An important part of the robot
analysis is a complete kinematic model of the mechanical system, which provides all the necessary kinematic quantities for
both the dynamic model of the mechanical system (force application, link loading, sizing) and for control needs (synthesis of
position and velocity controllers).

1t is mainly about the position and orientation of the end working point in time and the corresponding position of the
individual links of the mechanism. The next step was the overall design of the electronic system by appropriately selecting the
electronic components and also creating the overall electronic circuitry. Finally, an experimental realistic model of the mobile
robot was created from the simulation results.

Keywords: mobile robot,; simulation; mathematical model.
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Introduction. Nowadays, mobile wheeled robotics is an indispensable part, whether in
industry such as AGV unmanned forklifts, which can communicate wirelessly with the control
center of the line, or in everyday life, where service robots such as robotic vacuum cleaners
represent a very large part. Inspection robots, which solve very specific problems, are also rep-
resented in countless numbers. One of these is the mobile inspection robot for finding explosive
ordnance devices. Since this topic is very topical and the development is still progressing for
this reason, the idea and the primary goal to design a total control, simulation and experimental
prototype of a wheeled robot was conceived.

Mathematical model of a prototype mobile wheeled robot. The mathematical model of
the prototype mobile wheeled robot consists of several subsystems. The kinematic model can
be derived from the motion of the centre of gravity (COG) of the mobile wheeled robot, which
is analogous to the motion of a material point in the plane when it moves in the plane given by
its X, y coordinates and the rotation angle .
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Fig. 1 Three-wheeled mobile robot
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The motion of the mobile robot in the form of a forward velocity vector v is described by
two components: the x-axis velocity (vx) and the y-axis velocity (vy). This combination of ve-
locities forms the resulting kinematic model of the wheeled robot and it is:
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The kinematic model of the mobile robot accepts inputs such as linear velocity (v) and
angular velocity (o). It processes these inputs to determine the position and rotation of the mo-
bile robot in the [X, y, @] plane.

The dynamic model of the mobile robot is an extension of the kinematic model presented
earlier. This dynamic model, often referred to as the simple dynamic model, does not account
for wheel slip, slippage, or frictional forces between the robot's wheels and the surface on which
it moves. In this prototype model, we consider the forces (FR and FL) acting on the individual
motors of the wheeled robot that are required for in-plane motion. The model includes param-
eters such as wheel path (1), robot mass (M), wheel moment of inertia (Jw), chassis moment of
inertia (J), and wheel radius (r).

The forward velocity vector of the robot can be expressed using Newton's law, namely:

dv
__FR+FL (5)

Mat_

The analogous rotational velocity (o) with respect to the centre of gravity is then obtained
by applying Newton's second law:

dw 1 1 (6)
]E_
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To create the mathematical model, a feedback loop for dynamics suppression will need to
be added, where based on the current angular velocity of the right wy and left w;and the desired
angular velocity of the right wg,4 and left w; 4, the Fr and Fr. forces that the robot's motors can
exert will be computed. The feedback loop for suppressing the influence of the dynamics is
constructed based on the equations which have the form:

FR/L = P(eref /Lref — WR /L) fOT‘ |P(‘)Rref /Lref — WR /L| < Fmax (7)
(8)

Frji = FnaxSign(@rres jurer = Wr /1) fOT [PWrres jurer = g /1| 2 Fnax

The main task of the reduction is to recalculate the forward and angular velocity v, o. The
connection between the forward velocity (v), the angular velocity (o) and the individual for-
ward wheel velocities (vr and vi) can be given using matrix notation:

ol=n ®)

Multiplying the matrix gives an equation that expresses the circumferential velocities of
the wheels vr a vi:

Vg =v+1/2w (10)

54



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(33),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

v, =v—12w (11)

The circumferential velocity and angular velocity are defined by the equations:
VR = TWpg (12)
Vv, =Twy, (13)

Simulation model of a prototype wheeled robot. In this section, the individual subsys-
tems that make up the overall robot simulation model are designed using block diagrams in
Matlab/Simulink into which the previously derived equations have been inserted.
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Fig. 2 Block diagram of the kinematic and dynamic subsystem of a three-wheeled robot
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Fig. 3 Block diagram of the overall simulation model of the wheeled robot

Subsequently, the design of the three-wheeled robot was implemented in CAD software.
The chassis will be a two-axle chassis with two driven independently steered wheels and one
driven spherical(ball) wheel. The design of the prototype robot consists of seven parts.

Fig. 4 Frame model
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The next unit is the wheels, which consist of three separate parts, namely the inner disc,
the outer disc and the tyre.
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Fig. 5 Outer and inner disc model

Fig. 6 shows the completed 3D model of the prototype mobile wheeled robot.

Fig. 6 Completed 3D model of a prototype mobile wheeled robot

The overall dimensions of the prototype wheeled robot are: length = 192mm, width =
176mm and height = 105mm.

Design of the electronic part of the prototype wheeled robot. The following section
presents the overall design of the electronic subsystem of the prototype wheeled robot. Two DC
motors with an all-metal gearbox were chosen to drive the wheels. For the control of the motors,
the L298N H-bridge was chosen with the capability of controlling two motors. Two infrared
sensors were chosen for obstacle sensing and mainly to prevent the robot from crashing. A
small three-position switch was chosen to switch on the robot. To signal the robot switching
on, 3 LEDs were chosen, which are connected in series, and also one resistor. The power supply
for the drive part consists of one 9V battery and two 1.5V batteries connected in series. Two
1.5V batteries are used as the external power supply for the control unit. The main component
for the prototype robot is the control unit. ESP 32 WROOM was chosen as the control unit.
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Fig. 7 Electronic circuit design

In Fig.8, a functional three-wheeled mobile robot is assembled.

Fig. 8 Real model of a mobile wheeled robot

Conclusion. This paper deals with the design of a three-wheeled mobile robot. A mathe-
matical model of the wheeled robot has been constructed, from which the actual design of the
simulation model of the wheeled robot consists. The experimental model of the wheeled robot
has been designed and this design has been carried out in CAD software where the overall
design model of the prototype wheeled robot has been created. After the simulation and exper-
imental design, the overall design of the electronic system was carried out by selecting the
correct electronic components and also creating the overall electronic circuitry. As the last step,
a functional real robot model was created. Design of the control algorithm for the prototype
wheeled robot.
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MNPOEKT ®YHKIIOHAJBHOI MOJEJII TPUKOJIICHOTI'O
MOBIVIBHOI'O POBOTA

Mobinvni Konichi pobomu € 0OHIEI 3 HAUNOWUPEHIWUX HA CbO2OOHIWHIN OeHb epyn cepsicHux pobomis. [Ipocmoma
ixuvoi Koncmpykyii ma 30amuicms Kpawe O0onamu CKIAOHy Micyegicmov pobums ix nepedosumu. Ha npaxmuyi modicna
3ycmpimu piznHomanimui MobinbHi KonicHi pobomu, SKi 8I0PI3HAIOMbC 00UH 8i0 0OHO20 KINbKICHIO MA PO3MAULY8AHHAM KOJIC,
Ppi3HOMAaHIMHICMIO KOHCMPYKYIi abo niosickoro KoJic.

Cyyacna cmamucmuxa niomeepodxcye, wo MoOINbHI cep8icHi podomu Ha KOLICHUX WACT € HAUMUCTEHHIWUMY 3 YCiX pe-
ani3o8anux 000amKie, mMexHiuHa NPaxKmuxka HANOBHUNA PISHOMAHIMHICIIO iX KOHCMPYKMUSBHUX piuteHb. PisHomanimuicmo
KOJICHUX MOOITbHUX CepEiCHUX poOOmMi6 NoA2AE 8 OCHOBHOMY 8 KOHCIPYKYIi KONICHUX wiaci, piuleHHs 8apiolomvcs 8i0 00HO-
KONiCHUX 00 6A2amoOKONICHUX KOHYenyiil, 610 NpOCMUX 8apianmie KOMNOHY8AHHS WACL 00 cneyianbHux abo KOMOIHOBAHUX CU-
cmenm.

Memoro cmammi € npoeKmysartss MpUKoIiCHO20 poboma, wo GKIOYAMUME BUBCOEHHS MAmeMamuiroi Mooeni, nooy-
008y imimayitinoi modeni ma cmeopenns mooeni ¢ npoepammi CAD. Bascnusor uacmunoro ananizy poboma € nosHa Kinema-
MUYHA MOO€EIb MEeXAHIYHOI cucmemu, AKad HA0Aa€ 6Ci HeOOXIOHI KIHeMAMUYHI 8eIUYUHU AK Ol OUHAMIYHOL MOOeNl MeXAHIYHOT
cucmemu (NPUKIAOEHHS CUNU, HABAHMANCEHHS NAHKU, PO3MID), Max i 01151 nomped Kepysanus (NOEOHAHHA NOLONHCEHHSA | pe2y-
asmopis weuoxocmi). Kinemamuuny mooenv mosrcna susecmu 3 pyxy yeumpy msxcinua (COG) mobinvHozo Konicno2o poboma,
AKUil aHano2ivHull pyxy MamepianbHoi MoKy 6 OWUNI, KOTu 60HA pyxaembca 6 niowuni. Hoemocs 2ononum wunom npo
NONOMNHCEHHSL MA OPIEHMAYito Kiyegol pobouoi mouKu 6 uaci ma 6ionosioHe NOJONCEHHS OKPEMUX IAHOK MEXAHIZMY.

Oxpemi niocucmemu, sKi CKIA0AIOMb 3A2aIbHY IMIMAYIHY Modelb poboma, po3poblieHi 3a 00noMo2010 OIOK-CXeM y
Matlab/Simulink, y siki 3a0ano nonepeonbo ompumaHi pi6HAHHSI.

Hacmynnum kpokom 06 3a2anvHutl Ou3aiin eneKmpoHHOi Cucmemu WAXoM 8i0N08IOH020 6UOOPY eleKMPOHHUX KOMNO-
HeHmi8, a MmaKodic CMEOPeHHs 3a2anbHOi enekmponnoi cxemu. Hapewmi, 3a pe3ynomamamu mooentoéanns 6yia cmeopena
excnepumMeHmanbha peanicmuina mooeib MobiibHo2o poboma.

Kntouogi cnosa: mobinvruli pobom, MoOento8aHHs, MAMeMAMuyHa MOOeb.
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