Z™HULSHS|X| M 37 & XM 135 pp. 3542

January 2020/ 35

< | ron

Korean Soc. Precis. Eng., Vol. 37, No. 1, pp. 35-42

HIZIEE 7ivte] Mt

olE2R

e

http://doi.org/10.7736/JKSPE.019.082
ISSN 1225-9071 (Print) / 2287-8769 (Online)

SO T3 S W UBH AS

-1 OJo

Slip Analysis and Experimental Verification for an Omni-Directional
Mobile Robot based on Mecanum Wheels
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In this study, slip phenomenon that occurs during trajectory tracking motion of an omni-directional mobile robot based on
Mecanum wheels was analyzed. Mecanum wheels which generate the omni-directionality to the mobile robot comprise a
centered rim wheel and passive sub-rollers. In forward and backward motion, they function like usual wheels to enable
rolling along the ground. However, in sideways motion, they create lateral motion of the mobile robot from the rotational
actuation using their peculiar structural configuration, during which slip of the sub-rollers occurs. Unnecessary over-slip of
the sub-rollers causes tracking errors of the mobile robot motion. To analyze the properties and reasons for the slip
phenomenon, squared and circular trajectory tacking experiments were performed. From the experiments, it was observed
that sideways motion generated respectively larger tracking errors than forward and backward motion. The geometric
analysis regarding the tracking error generation was discussed using the Mecanum wheel structure. Finally, it was
confirmed that suspension mechanism to provide four Mecanum wheels of the mobile robot with even reaction forces on

the ground is necessary.

A ol e =32 25t A9 Wk gk glo] viele] =

Q) Bxo] ofste] AYGFOR ofiFo] st oFRolLk.
707t oL WA OR LS ANFAl M Feje of
BRI A5 B A AT ofF Aol Bk W,
AR OIFREE W AB o] Fo] FAlo] ool 4 )
7] W] F-& TN et Aol A 9 o) 52 sk
A SR SIA7H) w4 Ik olejdh A o] % WAL
CRRRE ALY WOlA ARGETL Glom, Age 913 F7hAel
T A3 uhEold e glo] sk Ae SASAL
Sh 249 QIH7HA] o]Fo) FRssiet. ol efd AFF olF W
© b visieks g 22E A3 gl v7Hd B (Mecanum

Copyright © The Korean Society for Precision Engineering

Manuscript received: June 20, 2019 / Revised: October 22, 2019 / Accepted: October 29, 2019

Wheel)o] ofa} -21o] 71581,
SR v Re) s 544 s

A BEaE S2USlp) BAro] wAshed, olelet

Sl S A9 BE ARE ofdele A7) W, o

259 Alojol AgA Q1 G 7%t

2~E A (Non-Systematic) 21024, &3

o} Ao FojFE Aol Wk,

® QTOHE oFRS TE A B

HL"uoﬂ FEFE F= 1%

rulo > fr o

J&fl b;l
[*]
_?L
2
%4
O
l
4

E2 &

RO

o

©

re

-1

2

>

fr

[

i)

e

o

jg ol

L az

rJ ZE

o

qn oy g

O B K

=Ty 2
P i)

ot O wu rlr o

ok >
~|
rg Mo

2

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



36/ January 2020

Omni-directional Mobile Robot

AR L e

(a) Actual view of the omni-directional mobile robot

=~ Rim Wheel Axis

Rim Wheel Motion
(b) Mecanum wheel of the omni-directional mobile robot

Fig. 1 Omni-directional mobile robot based on the Mecanum wheel
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(d) Rotary motion
Fig. 2 Omni-directional mobility
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Fig. 4 System configuration of the omni-directional mobile robot

Table 1 Specification of the components in the omni-directional
mobile robot
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Slot : 8
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i7-660UE
Wifi ipTIME .
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e S =2 . 25
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Fig. 3 Suspension structure of the mobile robot H/W sensor casuring distance :
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Fig. 5 Schematic diagram for calculation of center coordinates and
direction of the mobile robot
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Fig. 6 Velocity profile of the mobile robot movement
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Fig. 7 Position and orientation of the mobile robot following

Table 2 Corner coordinate of the mobile robot trajectory
Ist 2nd 3rd 4th
Target x 1300.032 1305997 2247.015 2236.627
trajectory y  1300.562 2280.986 2280.019  1291.981
Actual 1300 1300 2300 2300
trajectory vy 1300 2300 2300 1300
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Fig. 8 Position and orientation of the mobile robot following the
circular path

Table 3 Corner coordinate of the mobile robot trajectory

Ist 2nd 3rd 4th
Target x 1800.942  1328.71 1800.03  1800.028
trajectory  y 1300303  1800.671  2261.15  2261.524
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trajectory  y 1300 1800 2300 1800
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Fig. 9 Position and orientation of the mobile robot following the
rectangular path
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Fig. 11 The geometric analysis about uneven reaction forces on the
ground

Table 4 Corner coordinate of the mobile robot trajectory

Ist 2nd 3rd 4th
Target x 1300.167 1363.414 2175.139 2183.634
trajectory vy 1300.002 2262.238 2197.053  1231.304
Actual X 1300 1300 2300 2300
trajectory vy 1300 2300 2300 1300

Table 5 Corner coordinate of the mobile robot trajectory

Ist 2nd 3rd 4th
Target x 1800306 1335.804 1800.409 2155.685
trajectory vy 1300.019 1800.518  2156.95  1800.331
Actual X 1800 1300 1800 2300
trajectory vy 1300 1800 2300 1800
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