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DESIGN AND STRESS ANALYSIS OF WHEEL MOBILE ROBOT

Urgency of the research. In the context of design of new, improved devices or technical systems containing electronic
elements, we are increasingly encountering the concepts like mechatronics, mechatronic systems, mechatronics system sol-
ving approach or just simply mechatronics. The impact of mechatronics is most noticeable in mobile mechatronic products,
especially in the automotive industry, where mechatronic systems are increasingly being used.

Target setting. The design a wheeled chassis with improved ability to cross rugged terrain. Its indivitual parts are sub-
Ject of simualtions and stress ananlysis, which confirmed the advantage of the chosen design and mobility of the chassis.

Actual scientific researches and issues analysis. Designing a robot for a specific purpose always involves several steps.
Before considering the design of a robot, it is necessary to determine the environment in which it should operate. The prob-
lem of four or more wheeled chassis arises when the wheels are unsprung and the unevenness of the terrain surface causes
loss of wheel contact with the terrain surface and thus loss of traction.

Uninvestigated parts of general matters defining. The question of the physical design of a mobile robot is uninvestigat-
ed, because it will be solved in future.

The research objective. The main aim was design and stress analysis of individual parts of the mobile wheeled robot
with improved ability to pass through rugged terrain.

The statement of basic materials. The chassis is based on five modules which are connected between each other. Its
steering ability against each other is determined by the upper connection cover. Two modules integrated between wheels are
for storage, which can be used for battery sources or auxiliary control.

Conclusions. All construction parts of this mobile robot were designed in Solidworks software, taking into account the
simplicity of the structure and its ease of manufacture. The mobile chassis was tested in various terains simulations, where
all his movements and terrain adaptation were monitored. The mobile chassis structure was recalculated from the point of
view of the mechanics theory.

Keywords: wheeled mobile robot; simulation model.
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Introduction. Designing a robot for a specific purpose always involves several steps. Be-
fore considering the design of a robot, it is necessary to determine the environment in which it
should operate, be it the type of surface or the obstacles it may encounter when moving in that
environment. Four or more wheeled chassis with differential steering are simple at first sight,
but the problem arises when the wheels are unsprung and the unevenness of the terrain sur-
face causes loss of wheel contact with the terrain surface and thus loss of traction. This prob-
lem is not the case with two- and three-wheel chassis, which are naturally stable even in rug-
ged terrain in terms of keeping the wheels in contact with the terrain. It is important to use a
system to keep the wheels on the terrain surface so that locomotion can be realized [1-9]. The
aim of this article is to design a wheeled chassis with improved ability to cross rugged terrain.
Its indivitual parts are subject of simualtions and stress ananlysis, which confirmed the ad-
vantage of the chosen design and mobility of the chassis.

Mobile wheeled robot with increased ability to cross a rugged terrain. The chassis is
based on five modules which are connected between each other. Its steering ability against
each other is determined by the upper connection cover. Two modules integrated between
wheels are for storage, which can be used for battery sources or auxiliary control. These mod-
ules are also used as a strut, formed by spacers for already mentioned upper connection cover,
on which the control unit and possible superstructure can by mounted. The design of individ-
ual modules and system of tilting bushings of motors connected to the wheels, was the main
issue, when designing the construction of mobile robot.

Fig. 1. Model of mobﬂe robot
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As you can see on the Fig. 1, we proceed to design of the suspension of the individual mod-
ules on which the bushings are attached to the motors on the wheels by dashpots. They are at-
tached to the top of the frame of the robot. The dashpots reduce rotation of the modules and ab-
sorb impacts caused by the wheel passing through the rugged terrain. Those vibrations may
affect the electronic parts located on the upper body of the robot or any active superstructure
sensitive to these vibrations. Rotation of individual modules is ensured by self-weight. When
the wheel passes over and obstacle, the chassis is able to follow the terrain and thus increase the
traction of the entire robot. Overall rotation of the modules is limited by mechanical stops,
which limits this movement up to approximately 20 degrees. This range can be variable because
it depends on the length of the holders of these stops. The rotation of the module is limited by
the mechanical contact between the module and the connecting upper part itself.

Fig. 2. Detail of mechanical limitation of the rotation for the bushings with motors

Upper body construction is from bent steel plate with 3 mm thicknes and chassis modules
are from 2 mm steel plate. This should be sufficient for the stresses that occur when robot
passes over an obstacle.

Fig. 3. Upper part of body construction and chassis module

Stress analysis of the supporting frame and individual parts of the chassis. Strength
check of the supporting frame was done in SolidWorks software. The frame was loaded with
a load capacity of 2 kg and three times its own weight, taking into account the dynamic stress.
For allowed stress a;, following applies:

o, =
n

o, =222 ~175,4MPa
2
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Fig. 4. Maximum stress and benning of the support frame

As can be seen on Fig. 4, the maximum stress reached approximately 80 MPa. Under this
load the benning reached level of 0,74 mm in the center of the structure. This deformation
does not affect functionality of the robot.

Individual chassis modules check when crossing obstacles. The designed mobile wheeled
robot should be characterized by his improved ability to cross a rugged terrain, simulating the be-
havior of the designed construction solution in different environments and different situations.

Table
Parameters of simulation
Estimated weight 6 kg
Estimated load capacity 2 kg
Engine speed 40 rpm

Static coefficient of friction fS
(coarse-grained asphalt)
Dynamic coefficient of friction fS

1

(coarse-grained asphalt) 1,25
Static coefficient of friction fS (concrete) 0,97
Dynamic coefficient of friction fS (concrete) 1,05

For the purposes of the simulation, an obstacle track was created to simulate the rugged
terrain with obstacles this chassis may encounter when moving in it. The track consisted of
various protrusions, holes and at the end also obstacles for one row of wheels. Chassis behav-
ior, suspension and tilting the bushes with motors was analyzed. During the simulation vari-
ous strength analyses were evaluated for selected components, which were most heavily load-
ed during this test. During the movement, it was possible to observe the advantages of the
proposed structure when crossing obstacles such as holes and surface irregularities. The rota-
tion motor mounts followed the terrain, confirming the assumption of excellent robot traction.
Also the advantage of tilting modules with dashpots was also confirmed, where the modules
adjusted their position when passing one row of wheels over an obstacle and after returning
from it they reestablished their starting position.

Fig. 5. Movement of mobile robot in terain
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Three critical points were selected where the stress reached maximum values. In Fig.6 it’s
possible to see the stress field during the crossing through uneven surface and obstacle at the
end. Maximum value was reached when passing through uneven surface, aproximately 108
MPa at the point of the attachment the connecting screw. Possible solution of this problem
was to apply a washer to the joint, to reduce this stress concentration.

Son ke o

o s xsooreoan

Fig. 6. Stress in upper body construction during the crossing the hole,
uneven surface and last obstacle

The same case of loading occured on the chassis of the modules. The stress during the terain
crossing reached 170 MPa at the point where the module was connected to the body of the robot
with screw. At this point the stress concentration had to be also limited. Therefore, a washer was
mounted in the connection, which reduced the tension at this point to approximately 80 MPa.
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Fig. 7. Stress on the chassis module without the washer and with the washer

Another simulation was the movement of the mobile chassis down the stairs. One of the
conditions of the design was the ability to move down the stairs without stuck in or tipping
over. The stairs were constructed on the basis of building standards STN 73 4130 [7]. This
standard discusses that the minimum width of a step shall be 250 mm.

<
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Fig. 8. Dimensions and staircase model
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As in previous simulations, the stresses and deformations of the construction were evaluated.
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Fig. 9. Stress and deformation in upper chassis

In Fig. 9 the stress can be observed one the chassis module. When moving down the stairs,
the maximum stress at the mounting point of the connecting screws was 150 MPa. Already in
the previous case, washers had to be applied, which reduced the tension up to 60 MPa.
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Fig. 10. Stress on the chassis module without the washer and with the washer

Conclusion. The aim of this article was design and stress analysis of individual parts of the
mobile wheeled robot with improved ability to pass through rugged terrain. All construction
parts of this mobile robot were designed in Solidworks software, taking into account the sim-
plicity of the structure and its ease of manufacture. The mobile chassis was tested in various
terains simulations, where all his movements and terrain adaptation were monitored. After eval-
uating the simulations and confirming his usefulness when passing through rugged terrain, the
mobile chassis structure was recalculated from the point of view of the mechanics theory, so
that the allowable stresses with respect to the yield point of the material were not exceeded.
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VIIK 681.2
Jhobuya Muxosa
KOHCTPYKIIA TA CIJIOBUM AHAJII3 KOJICHOI'O MOBLJIBHOI'O POBOTA

Axkmyanvhicms memu 00CnioMHceHHA. Y KOHmMeKCmi NPOeKmMyBaHHs HOBUX, 800CKOHAEHUX NPUCMPOI8 ab0 MeXHIYHUX
cucmem, wo Micmams eneKmpoHHI eleMenmu, My 8ce Yacmiuie CIMUKAEMOC 3 MAKUMY NOHAMMAMU, 5K MeXampoHiKa, me-
XampowHi cucmemu, nioxio 00 UPIULEHHS CUCMeM MEXAMPOHIKU ADO NPOCMO MexampoHika. Bniue mexamporiku Hatloinbu
NOMIMHUIL y MOOLIGHUX MEXAMPOHHUX 8UPODAX, OCOOIUBO 8 ABMOMODINbHIU NPOMUCTIOBOCHI, Je 8ce Hacmiute 3aCmoco8)-
10MbCA MEXAMPOHHI CUCTEMU.

Ilocmanogxa npobnemu. Koncmpyiosanus xonicno2o waci 3 HOKpaujeHoio 30amuicmio 001amu HepigHy Micyegicme.
Hozo oxpemi wacmunu nionszaroms iMimayii cunogumM HABAHMANCEHHAM, U0 NIOMBEPOUNO Nepesazy oOpanol KOHCMpYKYii
ma MobinbHOCMI WACi.

Ananiz ocmannix 0ocnioxncens i nyonikayii. Ilpoexmysants poboma 05t KOHKPEMHOI Memu 3a6X4C0U BKIIOYAE KilbKd
emanis. Tleput Hidc po3enAHYMU KOHCIMPYKYiIO poboma, HeoOXIOHO USHAYUNU, 8 AKOMY Cepe00sULyi 8iH NOBUHEH NPAYH8a-
mu. IIpobrema yomupvox i Oinblue KOLICHUX WACI BUHUKAE KONU KOIeCa He NIOPecOpeHi, d HePIiGHICMb NOBEPXHI MiCYe8oChii
3YMOBTIOE 8MPAamy KOHMAKMYy KoJieca 3 HepigHOI0 NOBEPXHEI0 MA GIONOGIOHO GMPAnty 34enieHH L.

Buoinenns nedocnioycenux uacmun 3a2anshoi npoonemu. [Tumantns npo isuyny KoOHCmMpyKyiio MobineHoco poboma
He Q0CTIOAHCEHO, OCKINbKU Ye 6YOe BUPIUEHO 8 MATIOYMHbOMY.

Iocmanoexa 3asdanns. OCHOBHOIO MEMOIO 6VII0 NPOEKMYBAHHS A AHATI3 HANPYICEHb OKPEMUX YACUH MOOLIbHO20
KOJIICHO20 po6Oma 3 NOKPAWEHoI0 30amHICHII0 NPOXOOUMU Yepe3 HEPIHY Micyesicib.

Buxnao ocnosnozo mamepiany. Llaci 6azyemvcs na n'amu Mooy, sKi 3'eOnari migie coboro. Hozo keposaricmp 3anedcums
6i0 MOOYII6 PO3MAUOBAHUX OOUH NPOMU OOHO20 I OOMENCYEMBCS BEPXHLOK) KPUWIKOW 3'€0HanHs. [l6a modyna, 66y0oeami misx
Konecamu, npusHayeri Ois 30epicanms, AKi MOJHCHA BUKOPUCHIOBY AU OISt OXHCEPEN HCUBTEHHSL AOO0 OONOMINCHOZO YNPAGTIHHSL.

Bucnosku 6i0nogiono 0o cmammi. Bci KOHCmpyKmusHi 4acmunu 4020 MobintbHo20 poboma Oynu po3pobiieHi 6 npoe-
pamuomy 3abesneuenni Solidworks 3 ypaxysanuam npocmomu KoHcmpyKyii ma npocmomu euzomosienns. Ilepecysne waci
Mmecmy8anocs 8 PisHux MoOOeuAx Micyesocmi, oe 8i0CiiOK08Y8ANUCA 6Ci 11020 pyxu ma adanmayis Ha micyegocmi. Ilepecyena
CMpYyKmMypa waci 6yia nepepaxosana 3 Mok 30py meopemuyHol Mexanixu.

Knrouoei cnosa: xonichuii MobinbHuil pobom, iMimayiiiHa Mooens.
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