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In this paper, we focus on a new omni-directional v"
hicle "The Vuton-II" that was developed for use as a
transport vehicle to operate within factories, hospitals
and warehouses. This vehicle is composed of using
three or more "Omni-Discs". Its mechanism ensures

that individual wheels of the assembly are anways
aligned in the same direction, and can always roil
freely. The Vuton-II is designed to be low in cost, short

in stature, and to bear a reasonably high payload.
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1. Introduction

  Transport vehicles for factories, hospitals, and ware
houses must have high operational performance, being
able to move freely in narrow spaces and to reach desired

points precisely without complicated switchover.
  We developed an omnidirectional vehicle, Vuton-II,
that shows high operational performance on a flat surface,
together with an "Omni-Disc" used with Vuton-II. We
describe the dnve principles, mechanisms, and featues

of Vuton-II and the Omni-Disc.

2. Study on Conventional Omnidirectional
  Vehicles
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〈r'Ne".s,!!b!!tn  A driver of an automobile, for example, must steer
right and left to park in a parking space. Ordinary cars
that do not rotate at a certain spot or move laterally are
not suitable to narrow work areas. Efforts were made to

develop omnidirectional vehicles move with 3 degrees of
fireedom (DOF) on a flat surface, i.e., 2 DOF for transla
tional motions and 1 DOF for rotation. One contemplated
omnidirectional vehicle has independent steering for each
wheel, on which Nakano et al. studiedi). This vehicle has
the disadvantage that when it turns at an angle of, say, 90
deg, it must prepare to turn its wheels 90 deg. It cannot
make a continuous omnidirectional movement. A vehicle

that instantly realizes 3 DOF movement on a flat surface
from any direction is known as being holonomic. Such
holonomic features are required to realize high opera
tional performance. The sections that follow detail a ve
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 known as a Vuton crawler, in which fiee rollers insta11ed

 in a square frame were buit in a row between a pair of
 catapiller chain.(Fig.3).

   Each roller of the crawler, which rotates freely, is sup
 ported in a square frame. Each of the frame has two
 connectors at its edges at opposite corners on diagonal
 line. The square frame is fixed on the chains ofcaterpillar
 ring with the connectors. Since two connectors are not
 located on same side ofsquare frame but on diagonal line,
 the positions ofconnectors are different by "t", depth of
 square frame. To maintain the free rollers always hort
 zonta11y stable, that is to keep square frames horizontally
 stable, the connectors are fixed on the chain at the posi
 tions which are shifted by a distance "t", for different
 , caterpillar ring as seen in Fig. 3. To realize such arrange･
 ment, a chain ring of caterpillar is shifted by "t" against
 the other so that square frames are maintained horizon

 ta11y always regardless movements of the crawler.
   Our original objective was to make vehicles as low as
 possible. We developed an omnidirectional vehicle
 lighter than its early version "Vuton-I" by tilting the

 1arge wheel.

3. New Omnidirectional Vehicle and
  Omni-Disc

3.1. 0mni-Disc Principles and Features
  We developed a light omnidirectional vehicle, "Vuton-
II", in which new "Omni-Discs" are used, Principles and

features are described below.

  To develop Vuton-II, we employed first large wheels
with free rollers (Fig.1) inclining on the flat surface
(Fig.4). In this mechanism, however, fi'ictional forces
prevent the motion of the chassis, when two small free
rollers are not being aligned parallel to the direction of
velocity of the chassis(Fig.5). To solve this problem, we
developed a three dimensional parallel link mechanis in
order to maintain these free rollers in a certain direction.

  Figure 6 illustrate mechanism of free roller unit de
veloped for Vuton II. The first shaft supporting a small
wheel that rotates freely is bound to the first rotary ftame.
The first shaft is connected to a eccentric shaft, the seG
ond supporting shaft, center line of which is shifted to
the center line of first supporting shaft. The second shaft
is put into the hole in the second rotary frame so the small
wheel is held in a certain direction(Fig.7). The first and
second rotary frames are fixed after being shifted veni
cally. A certain eccentricity quantitatively equivalent to
eccentricity x of the first and second supporting shafts of
small rollers is given to the central axes of these frames
(Fig.8), supporting shafts of small wheels are installed
between the upper and lower rotary frames so they rotate
freely. The solid parallel 1ink thus made is usefu1 for
keeping small wheels in a certain direction. The whole
Omni-Disc mechanism realize 4 Degree ofFreedom with
respect to its supporting plate. so only 1 or 2 small rollers
at the end of wheel mechanism contact the floor simul

taneously. The omnidirectional wheel thus turns smoothly
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3.2. Design ofOmni-Disc
  The Onmi-Disc is designed as follows:

  With an increase in the number of small wheels for

use in the Omni-Disc, small wheels touch the floor more
smoothly. Too many small wheels, however, may geneF
ate mutual interference mechanically or make the mecha
nism heavier than intended. We thus introduced 8 small

wheels.

  The compliance and inclination of the rotary fiame
made of a leaf spring at the lower part of the Omni-Disc
must ensure smooth rotation for the Omni-Disc. When

compliance is smaller than anticipated, the lower rotary
frame deflects greatly (Fig.9) and the area of the small
wheel that contacts the floor increases. When this area is

too large, some small wheels at the back of the contact
area of the omnidirectional wheel cannot move fast

enough in relation to the chassis, slowing the chassis.
When the compliance of the lower rotary frame is suit
able, the contact area of small wheels is restricted to the

end ofthe Omni-Disc (Fig.10). The difference in velocity
between small wheels and the chassis decreases and chas
sis movement becomes smoother. We decided to use

stainless-steel SUS304 for the lower rotary frame and to
set the angle of inclination of the wheel to 4 deg. for
preventing 3 or more small wheels from contacting the

floor simultaneously.
  The compliance of the lower rotary frame is related to
a different effect. wnen a single caster or 2 casters are
provided at the top of the mechanism, the positional dif
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Development of Holonomic Omnidirectional Vehicle
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dynamic thctional coefficient. The value at each point of
measurement represents the average measured value ob
tained from 15 run performance experiments. The ab
scissa in each graph represents the angle between the
advance of the chassis and the direction of rotation of

small wheels of the Omni-Disc. When this angle is O deg.,
the chassis and small wheels advance in parallel; small
wheels only rotate. wnen it is 90 deg., the advance of the
chassis and wheels is vertical; small wheels do not rotate,
while the Omni-Disc rotates as a single wheel. wnen it
is O deg., 45 deg., or 90 deg., the thctiona! coefficient is
small and makes no substantial difference to other cases,
proving that the Omni-Disc is an excellent omnidireo
tional chassis.

  4 passive Omni-Discs spaced at an angle of 90 deg.
each (Fig.15) are arranged on a chassis. The static
(Fig.16) and dynamic (Fig.17) thctional coefficients are
obtained when the chassis is moved in different direG

tions. Each point of measurement represents the average
ofmeasurements obtained for 15 run performance experi

ments. The abscissa in each graph represents the angle
between the wall of the chassis and the advancing direG
tion of the chassis. By taking symmetry between Omni-
Discs on the chassis mechanism into consideration, run
performance of the chassis is tested from O deg. to 45
deg. Data in this range is plotted, At angles in this range,
the thctional coefficient is small and almost identical.

The passive chassis with passive Onmi-Discs is excellent
as a passive chassis.

3.4. Active Omni-Disc

  Using a spur gear instead of the upper second rotary
frame of the passive Omni-Disc in the previous section
and by rotating it actively by a geared motor Fig. 18),
active timst is generated perpendicularly to the direction
of rotation of each small wheel (against the flat surface)
while power for free rotation is generated in the direction
(i.e., the rotation of each small wheel) that intersects at
right angles to it, forming an active omnidirectional

Journal of Robotics and Mechatronics Vol. 14 No.2, 2oo2 189
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  Dimensions568rnmxS68mmx92mm

  Totalmass16.2kwithoutbett

  Portableload130k

  Veloci400mm/s

  Actuatorl2VDCrnotorx4

  Batte12V/3.2AhLeadacidbatt

  Doffieedom3
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fig. 19. The Vuton-fi.
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wheel. Using this wheel, we developed an omnidirco
tional vehicle, Vuton-II.

4. 0mnidirectional Vehicle Vuton-II

4.1. Control of Active Omni-Disc

  A vehicle having 3 or more Omni-Discs in different
directions (Fig.19) realizes omnidirectional, holonomic
movement. Fig.19 shows the particulars of Vuton-II that
is with 4 active Omni-Discs. It is operated continuously
for 2 hours per charge. Fig.20 shows a new comfortable-
to-sit-on model of Vuton-II formed by mounting a chair

on the Vuton-II in Fig.19.
  Steetmg this vehicle is simple. Ifvelocities for trans
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Vuton-ll.

42. Experiments on Run Performance of Vuton-"
   Vuton･･II set to manual operation was exhibited at
RoboFesta Kanagawa 2001 and put to test-operation.
Vuton-II can easily be steered by those without special

skills for omnidirectional holonomic movement.

  To study features of translational movement ofVuton-
II, a series of experiments was conducted with a micrG
computer set to automatic operation. Vuton-II was steered
either in the x-direction with 2 Ommi-Discs or in the x-y
45-deg direction with 4 Ommi-Discs. Positional targets
were set with a spacing of O.5m from O.5m to 2.5m for
PTP position control, and positional and orientational eF
rors at each target were measured (Figs. 23 and 24). Each
measurement represents the average ofmeasurements ob
tained after 3 run trials. Based on these resuks, the error
in the distance of translational movement within 2.5m is

less than 35mm, proving retatively satisfactory accuracy.
For comparison between the translational movement of
Vuton-II in the x-direction with 2 Omni-Discs and that

in the oblique x-y 45-deg direction with 4 Omni-Discs,
the former is larger in the scatter of positional and orien
tationa! errors than the latter, mainly due to wheel slip
page and transmission backlash. wnen 4 Omni-Discs on
the left and right rotate, errors are offset by disc interaG
tion. When only 2 Omni-Discs rotate, errors cannot be

offset easily and scatter increases.
  To study features in Vuton-II rotation, z-axis clock
wise rotational movement experiments were conducted
by rotating 4 Omni-Discs counterclockwise. Rotational
angle targets were set at 360 deg from 360 deg to 2160
deg for PTP position control, and the orientational error
at each target was measured (Fig.25). Each measurement
represents the average of measurements obtained after 3
run trials. Results made it clear that rotational running
has an error of about 1 O/o against a rotational angle within
2160deg. Errors in moving distance and rotational angle
of Vuton-II are thus negative and targets are beyond at

tainment. The main cause of errors is wheel slippage.
  Control in experiments was an open loop, so errors
above are considered acceptable. We can thus reduce er
rors by improving mechanisms, introducing proper feed
back control, and developing digita1 Omni-Disc velocity

control.

5. Conclusion

  We proposed an omnidirectional wheel, the Omni-
Disc, for use in onmidirectional vehicles and developed
the omnidirectional vehicle Vuton-II. Vuton-II realizes

slip-free translational rotation with high mobile effE
ciency. Vuton-II offsets certain irregularities on the floor
with its suspension. It is highly practical and efficient.
We are planning fiirther improvement of part shape and
quality so Vuton-II will be widely used for wheel chairs,
in entertainment, in factories and warehouses, etc. PrG
duction of the new model started in Okazaki Industries,

Joumal of Robotics and Mechatronics Vol. 14 No.2, 2oo2
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Co., Lrd. as the Vmax Carrier and 5 experimenta1 vehi
cles were offered to RoboFesta Kanagawa 2001 for dem

onstration asig.26).

Acknowledgments
We are thankful for the GTant-in aid for Science Research (COE ForTnation

Basis Research Fund Super Mechno System) ffom the Ministry of Educa-
tion and Culturc of Japan which conuibutod to the accomplishrnent of our

study.

References:

 1) Nakano, Eiji and Koyachi N., An Advanced Mechanism of the
   Omni-Directional Vehicle (ODV) and its Application to the
   Working Wheelchair for Disabled, Proc. '83 lnt. Conf. Advanced

   Robotics, pp.277-284, 1983.
 2) Catalog of Fuji Mfg. Co.

 3) Asarneq et al. Kinema 3-ooF independent Driving Omni-direo
   tional Mobile Robotios, Proc. 12th Anual Meeting, Robotic Se

   ciety of Japan
 4) Maeda et al., Development of a Omni-directional Power Assist
   Cart, Proc. of the 18th Anual Meeting of Robotic Society of

   Japan, pp.1155-1156.
 5) Catalog ofMitsui-Miike Mfg.

 6) Hirose, S. and Arnano, S., The VUTON: High Payload, High
   Efficiency Holonomic Orrmi-Directional Vehicle, PToc. 6th lnt.

   Symp. On Robotics Research, 1993.

e.

Name:
1tiichiro Dairieto

Affiliation

Student, De
Studies, Gra

Address

7-3-1 Hongo, Bunkyo-ku, Tokyo, 11
Brief Biographical History

20(X)- Rec
Tokyo Institute of Technology

2oo2- Recei
fiom Tokyo Institute of Techaology

Msin works

' Holonomi
 Crawler Vehicle, Dis

Membership in Learned Societies
' The Japanese Society ofMechanic

. The Robotics Society ofJapan
. 'Ihe Vutual Reality Society ofJapan

Name

Shigeo Hirose

riA

Afruiation:

Professor, 
Engineering

Technology

Address:

2-12-1 O-okayama, Meguro-ku
Brief Biographicat History:

1976- Receiv
of Technology

1976- Research Associate, T
1979- Associate Professor, T

1992- Professor, Tokyo lnstitute of Te
Main VVorks:

' Mechanism
 Snake-like Robots, Wa

Membership in Learned Societies:
. IEEE

. The Japanese Society of Mechani
. The Robotics Society ofJapan
. Robotics and Aaitomation Society

192 Joumal of

s:-
Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

