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Abstract Wheel is a great invention of human beings. The wheeled mobile system has brought great
convenience to humans in production and daily life. Therefore, the wheeled robot is a very important
development direction. To overcome the problem of insufficient adaptability of ordinary wheels to complex
terrain, many research works have been investigated including the adhesion mode between wheels and
supporting surface, the wheels’ geometry, the steering mode and so on. In this paper, based on the mechanism

of wheels changing sliding friction into rolling friction, this paper proposes three new wheel structures,
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including tri-mode transformable wheel, magnetic adhesion wheel and variable parameter omni-directional
wheel, and their corresponding wheel mobility structure, which aims at the requirements of uneven terrain
crossing, vertical wall climbing and ground omni-directional movement. Through the linkage mechanism,
the tri-mode transformable wheel switches its geometry among round mode, claw mode and hook mode, and
the bi-directional obstacle crossing of the robot is realized; Through the magnetic adhesion wheel and passive
suspension with three degrees of freedom, the robot can move on the wall with all wheels attached to the
surface; Through applying the spatial mechanism to adjust the roller installation angles, the direction of wheel

friction can be controlled and the omni-directional driving of the robot can be realized; through prototype

construction and experimental study, the feasibility of the proposed innovative designs are verified.
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Fig. 3 Structure of the transformable wheel and its three modes
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Table 1 Specifications of the robot
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Table 2 Comparison between theoretical and experimental

results of robot climbing obstacle height
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Fig. 7 Model of the magnetic adhesion robot
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Fig. 10 Locomotion of the robot along a straight line on the arc wall
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JRag, Rk, ASCRIA 3D $T BRI T AN [ s
FEARSE . W 12 PR, SRR 657 )2 S
PR N 3.5 mm A1 5.5 mm F0E4% (5% 20 mm) ,
mE 12 wTA, HLER A AT AR E MO MR AE, B
W1 0% 1 Rt IR B 7R BB T I

TESEBR TAEH, MLBS A TTREIE R B3 — 1k
WA ATHB T/E, Wik, FEAL&E—EN R
HRE ). TE SRR A T BE T AN 55 R 1 R AR
T b, XEALER NI SR gk e AT I, ks
WK 13 frs. wiE 13 (a) ~ (b) s, Hlas ANTE
SR R R E N 0.6 kg, 4G4RS K E
B, R I, XIS SEEEN 0.08 m/s;
WK 13(c) Fion, FEIEREH b, HLEs A\ fEn]
15 0.8 kg, TR KIZBEE A 0.065 m/s.

5 TEHERBEEEZEBIIEADN
elEiny s eSSy

51 TEHEEEREBIEANERLFENLT
N T E gL N IZ L R P R AN E

(RSP R D2, Bt — B A T 2
FROAE B R4 R . SRR T 4B ST SRS AL
Ha, DU HERKSEIL T HR T 225 fh 1
GRIEHSEE T LA AT G0 B AT R,

SR HLE A HB RN 14 BT,
AR I L2 2 T T, KB T T D)
Cel T4 RS . TR TR A 0,
ST, TR T (0 E A S T
AT F, AT F,. i 5T A 740
FLHERE, R, F, SURWERT 0 [ ez ) (8]
A 14(6) FH @,), WA F LIS IR
NBE G F, SR E ) [ f, A
M e T 1 I R B v, v,
o MEER. BITEE o SEH2%,
VLB F, W71, ST SO 4 TR A T,
R T . MBI 0 Rk
WG SNEHIBH, TP B
i TR TR TRARE, FTUALE
S IMIBESIHLA, AR SEBUR R T e 1 0

GALREP



43 o S5 RN QUET S SR AT T 13

(d) Fles ARTAERIALE 5.5 mm HOREE (o) Hlas NP IRAE RIS 5.5 mm HOREE (D) ML A RIIEESL 5.5 mm (4R 4E
E 12 #HSEABTNESEORLIESE

Fig. 12 The robot crosses simulated welds at different heights
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Fig. 14 Internal logic diagram of the omnidirectional wheel
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Fig. 16 Final model of the omnidirectional wheel
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Fig. 17 Prototype of a single wheel and the robot
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Fig. 18 Adjustment process of angle of omnidirectional wheel roller
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Fig. 19 Velocity variation and motion process of the prototype under different locomotions

B0 K 22 B TC BE B8 N TGV 18 B BE THI TR 1)
L, ASCHR H — P B B 2 2R B ] i
W B HLA I TEEENLAE N« #E8h NE B EA 3 M
B E R, AR AR B B AE BT A Bl I A
%, VLERIBEAR, P& N2 1.
R R S ALEDE, AR T, RIERIE
B B AN B AR E T . AH OGS &
KR, ZHLAE NIRRT R 1§23, FFRei
5k N 3.5 mm A1 5.5 mm 1R 4%.

PEZ B IR YN RIS RN G
22, EEXHEAR, AICHE T3 f 4 1n)
BT %, SRAA A RSSR HUMIME 4R it 5K
B, FESLIE gl AR, I H RS S 40
TG . FHORSRER S SRR, Z A28 N REag 1T
W23, ETTIRYES E s sl B AL iR e
ORI 25

B

RURIES . B, T8, X, 5K
JRAEFEN U AT B b TR B ik ¢

(1]

(3]

(3]

& Z X

RN, KT, R, &5 R AR shl
WANBFEBLE T [J]. HUCC R 224K, 2008,
44(6): 148-154.

Song XK, Tan DL, Wu ZW, et al. Kinematics
modeling and analyses of all-terrain wheeled
mobile robots [J]. Chinese Journal of Mechanical
Engineering, 2008, 44(6): 148-154.

Kameduta M, Tsagarakis NG. Reactive support
polygon adaptation for the hybrid legged-wheeled
CENTAURO robot [J]. IEEE Robotics and
Automation Letters, 2020, 5(2): 1734-1741.
Medeiros VS, Jelavic E, Bjelonic M, et al.
Trajectory optimization for wheeled-legged
quadrupedal robots driving in challenging terrain [J].
IEEE Robotics and Automation Letters, 2020, 5(3):
4172-4179.

Kim Y, Lee Y, Lee S, et al. STEP: a new mobile
platform with 2-DOF transformable wheels for
service robots [J]. IEEE/ASME Transactions on
Mechatronics, 2020, 25(4): 1859-1868.

Chen WH, Lin HS, Lin YM, et al. TurboQuad:
a novel leg—wheel transformable robot with
smooth and fast behavioral transitions [J]. IEEE
Transactions on Robotics, 2017, 33(5): 1025-1040.
Kim YS, Jung GP, Kim H, et al. Wheel transformer:



18

£k

VN 2022 4F

[7]

[10]

[12]

[15]

a wheel-leg hybrid robot with passive transformable
wheels [J]. IEEE Transactions on Robotics, 2014,
30(6): 1487-1498.

Schoeneich P, Rochat F, Nguyen OTD, et al.
TRIPILLAR: a miniature magnetic caterpillar
climbing robot with plane transition ability' [J].
Robotica, 2011, 29(7): 1075-1081.

Tavakoli M, Lourengo J, Viegas C, et al. The
hybrid OmniClimber robot: wheel based climbing,
arm based plane transition, and switchable magnet
adhesion [J]. Mechatronics, 2016, 36: 136-146.
Koo IM, Trong TD, Lee YH, et al. Development of
wall climbing robot system by using impeller type
adhesion mechanism [J]. Journal of Intelligent &
Robotic Systems, 2013, 72(1): 57-72.

BRUK I, ESL3C, AT, & 07 AR R B TE
BENLAS N BT A LR AR [J]. IS 2RV TR R
254k, 2009, 30(9): 1012-1017.

Hu BS, Wang LW, Fu Z. Mechanical design and
suction characteristics of a miniature wall climbing
robot with bio-inspired suction cups [J]. Journal of
Harbin Engineering University, 2009, 30(9): 1012-
1017.

Pin FG, Killough SM. A new family of
omnidirectional and holonomic wheeled platforms
for mobile robots [J]. IEEE Transactions on
Robotics and Automation, 1994, 10(4): 480-489.
Stonier D, Cho SH, Choi SL, et al. Nonlinear slip
dynamics for an omniwheel mobile robot platform
[C] // Proceedings of the 2007 IEEE International
Conference on Robotics and Automation, 2007:
2367-2372.

Ilon BE. Wheels for a course stable selfpropelling
vehicle movable in any desired direction on the
ground or some other base: US3876255 [P]. 1975-
04-08[2022-05-30]. https://patents.google.com/
patent/US3876255A/en.

R FET 22 TEANINEE B 4 ) BLARRE S BRI AT
[D]. B 5t BRSNS, 2015.

Zhu H. Research on omni-directional heavy-loading
moile technology based on mecanum wheel [D].
Nanjing: Nanjing University of Aeronautics and
Astronautics, 2015.

West M, Asada H. Design and control of ball wheel
omnidirectional vehicles [C] // Proceedings of the
1995 1IEEE International Conference on Robotics
and Automation, 1995: 1931-1938.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

RIRT, monl, FaE. TR AP
PR FIE SRR T BT IT [J]. SEgRE A, 2019,
22(4): 200-203+207.

Wu ZY, Gao YL, Li YL. Research on experiment
platform of control algorithm based on the self-
balanced structure of the wheel-ball [J]. Laboratory
Science, 2019, 22(4): 200-203+207.

Moore KL, Flann NS. A six-wheeled
omnidirectional autonomous mobile robot [J]. IEEE
Control Systems Magazine, 2000, 20(6): 53-66.
Diegel O, Badve A, Bright G, et al. Improved
Mecanum wheel design for omni-directional
robots [C] // Proceedings of the 2002 Australasian
Conference on Robotics and Automation, 2002:
117-121.

Xu QW, Xu H, Xiong K, et al. Design and analysis
of a bi-directional transformable wheel robot
trimode [C] // Proceedings of the 2021 IEEE/RSJ
International Conference on Intelligent Robots and
Systems, 2021: 8396-8403.

Zhang YN, Wang SS, Zhang J, et al. Research on
motion characteristic of omnidirectional robot based
on Mecanum wheel [C] // Proceedings of the 2010
International Conference on Digital Manufacturing
& Automation, 2010: 237-241.

Tlale N, de Villiers M. Kinematics and dynamics
modelling of a mecanum wheeled mobile platform
[C] // Proceedings of the 2008 15th International
Conference on Mechatronics and Machine Vision
in Practice, 2008: 657-662.

Xie L, Herberger W, Xu WL, et al. Experimental
validation of energy consumption model for the
four-wheeled omnidirectional Mecanum robots for
energy-optimal motion control [C] // Proceedings
of the 2016 IEEE 14th International Workshop on
Advanced Motion Control, 2016: 565-572.

BRFIE, 1) 5, FE R, &5 TREENL &5 N 207 0 F2
BRI FE [7]. HLES N, 1995, 17(2): 102-107.
Zhao YZ, Men GL, Yan GR, et al. The study and
development of the all-directional vehicle applied in
the wall-climbing robot [J]. ROBOT, 1995, 17(2):
102-107.

FA. 2t i I S LA BB vt 2 R BIE AT
[D]. _bifg: bigsgim e, 2021,

Wang X. Innovative design and application of
synchronous mechanism with multi-output [D].
Shanghai: Shanghai Jiao Tong University, 2021.



