PATENT PROBE

Omnidirectional Vehicle

The Julplfasgmust 1983 Pakent Probe
struck a responsive conl. That column
inokid at patent number 4,258 815 for an
Ambadatory Platform: Many people called
or wrote for further detaids about this in-
vention, The Ambulatory Platform 3 one
of several highhe-maneiverable wheeled
vehiiche patents found i the files of the
United States Patent and Trademarl Office:
An eardier eample of this type of vehicle
is patent number 4.237.990 issued 1o Hau
T. La on December 9, 1980,

From Toys to Wheelchairs. The patent
discloges an “Omnidirectional Vehicle” pro-
vided with three individually-driven wheels
rotatable un horizontyd aes. The invention
may be wsed in o passenger canrying vehl-
cle. Such a whicle ¢can be used as an
amusement bumper car or & protectively
shielded car for moving ansed in a hot cell.
Remotely controlled toys or game pleces
cin also wse the three-wheelsd system. The
high maneuverability allows such lows o
meove easily into spaces on a game board,
The patent. however is specifically des-
cribed in terme of & wheelchair for physical-
ly handicipped persons,

The La inwvention wses three wheels, each
pliced at the comer of a trangle, One
wheels axis forms an angle with another
wheels axis. A vehicle using the La system
has true omnidirectionality and directional
stahility. True omnidirectionality is the abi-
ity of 3 vehicle b move in any direction or
b rotate about any point on a @Een’ siin
face without sliding. Divectional stability is
it characteristic of plural-wheeled vehicles
in which there exists enly one possible vehi-
cle motion for every given set of whed
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Variable Roller Configurations. Figure |
shows. & whiel which has eight spokes
raliating from a central hub Eight mllers
are mounted around the wheels peripheny
Each roller has an arcuate surface which
cosforms 1o the wheel, There will be some
houncing as the rotating wheel rolls from
ane rller to the next, The mflers are made
o ruhber to provide raction and dampen
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the bounce. More than eight mllers can be
usecd, bt of cowse the espense of constoue-
Bon will incresse.

Figure 2 shows an altermative roller con-
fightration which ehminates the bouncing
movement of the wheel of figure ‘1. The
rollérs are mounted at an angle of about

Figuee 12 A fromd elesatinnal wew of a swheel o #fimed
by the: La paient

Fighure 2: 4 madification of ke muller mounking. Each
fafler |5 mounbal 5t am angle with Fespect o (e
whieeFs axis,

Fighare 4: A perEpctieg view al & Bamper car Uee
sedl ligs beon remwers] tv shiw how o wheeel s
paslbongd

45 degrees with respect to the wheel's axis,
Az one-roller leaves the ground, the next
maller makes confpet,

Three-seat Bumper Car. The bumper car
shown in figure 4 & composed of a creular
platform (12) surrounded by a resilient
bumper ming (13). Three inwandly facing
seits (14) aré mounted ko the platiorm
Three control handles (16) are mounted to
a central post (15). These handles move
potentiometess for controllimg the action of
drive mators for each of the three wheels

The drive mofors {19) are shown schemar
ficadly in figure 5. Each wheel is mountisd

Fighave 5: & Baoitloim view oof the humper ear with (he
drive maiers, halteery,  anid  comtmls  shown
eehemabcalli

to the respective shafts of the thiree motors.
The platiorm can include cubouts (21) fo
provide clearance for the whiselh Each
whizel would then extend up through the
cubout mfo a holbow space under each seat
Elecirical wiring from the hatteries (18] and
the maotors extend wp throwsh the central
pist and are connected to the control
poteninmeters

The bumper car motion & related bo the
rotational speed of the wheels by the

Lyuations:
Py = % + Ras
riy = — k5w, + (LB66Y, + How
fey = — (5v, — (LRGEY, + R

Using an crthonormal coordinate system
of anes fixed with respect 1o the body of the
vehicde and i the plane of the platform,
the variahles are defined as follows:
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* v and v, are respectively the x and v
components of the translational veloc-
by of the whicle

* v is the rate of rotation of the whicle
arcund its center

* w0y, wy, and wy are the rmes of mota-
tion of the thrise wheels

* 1 is the wheel madis

* R is the distance from the center of the
vehicle tr the center of the wheel
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Figuve 11: Echematic dagram of the footpring is
sherwn whiich voresponds o the. wheel system of
figure |

If the wheels are of equal radius and
equidistant from the center of the vehicle,
r and R will be the same valwe and will
simplify the equations. The system of coor-
dimates is chosen so that the ongin es st
the center of the vehicke. The center of one
whesd i chosen o Tie on the negfative v zods,
Thiz places the second wheel in the frst
quadrant {+x,+vh. The third wheel will
then be in the second quadrant {—x, +v).

If the x, v and 2 output voltages of the
potentiometers: have the same range of

vithuies, the wheel drive motors may be con-
trofled by refating their drive voltages as
follows:

V1 = ¥x + 0.5Vz

V2 =—05Ve + 0866V + 0.5Vx

V3 = —05V—0.866Vy + 0.5Vz

In the circuit of figure 14, slider £4 on
resistor 62 is connected through a resistor
tr the negative lerminal of the operational
amplifier 82 The operational amplifer 92
is configured as a unity gain fmerter hy
means of a feedback resistor. The positive
mput terminal is grounded. A power sup-
phy is conmected to the amplifier in such a
way thal lermima % is at a potential of
+ 15V while terminal 97 is at — 15V with
respect to ground. With such a configura-
tion, the amplifier will mvert the input
woltage V. as required o satisfy the
algebraic relationship,

Slider 64 is also connected via a resistor
to five negtive terminal of an operational
amplifier 77 which provides the drive
voltagie: V1. Slider 67 i connected via a
resistor o the negative kerminal of amplifier
02 The output of amplifier 92'is via 200k
ohm resiglors o amplifiers 72 and 73
Shider &4 i= further connected via a 115.5k
ohim ressistor 10 terminal JO. Terminal 202
is connected by a 115.5k ohm resistor to
terminal JO7,

In addition to the translabional voltages
V1, V2, and V3, a motational component i
added to each woltage by action of slider
69, Slider 64 is connected by 200k ohm

resistors o terminals 99 1% and JO7
respectivedy

Further Reading. Crther highly maneuvera-
bde vehicles have been proposed. Some of
these prior vehicles are exemplified by the
fedlowing U5 patents: 3,789,947, “Om:
nidirectional  Wheel” to Blumrich:
3,250,632, “Resilient Wheel” to Dalrymple;
L36.535, “Vehicke Wheel)” 1o Crabowiocl:
J876.255, “Wheels for a Course Stable
Sell-Propelling  Vehicle Movable in any
Presived Direction on the Ground or Some
Other Base” o Hon: 3,295,700, “Method
and Apparatus for Handling Hadinactive
Materials” to Ziegler; 3,465,243, “Yehicle
with Improved Steenng Device!” to  Gai-
not; 3,746,112, “Divectionally Stable Solf-
Propelled Vehicle” to Ton, 3,420,326
“Land Vehicle Propolsion,” fo Kusmer: and
3,570,615, “System for Controlling the Ap-
plication of Motion of Vehicle Wheels” tn
Grilbad. O
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Figare 14: A detailed schematic of Bhe sontnol cirouit for the threeawheid sehicle
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