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(57) Abréegée/Abstract:

A drive wheel (10) for travelling over a surface comprising a support member (12), a wheel member (11) and a drive shaft (24). The
drive shaft (26) has a drive means engaging a drive surface on the wheel member to rotatably drive the wheel member relative to
the support member. The drive shaft (24) also has a longitudinal axis and the engagement of the drive means and drive surface
define In vertical cross section a line of engagement that is at an acute angle to the longitudinal axis. The wheel member (11) has a
tread portion (28) extending about its periphery and positioned such that it Iis intersected by the line of engagement substantially
where It contacts the surface. A chassis for vehicles such as wheel chairs having one or more drive wheels according to the

Invention Is also described.
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(57) Abstract

A drive wheel (10) for travelling over a surface LHa.
comprising a support member (12), a wheel member

| (11) and a drive shaft (24). The drive shaft (26) has 25 \=- N 23 21
| a drive means engaging a drive surface on the wheel | o ’\ —§’v“ "v"-\-/r %
member to rotatably drive the wheel member relative N }Y\N N\ ‘
to the support member. The drive shaft (24) also has a A \ /\ \ ‘
longitudinal axis and the engagement of the drive means 20 F E §.
and drive surface define in vertical cross section a line of _ '\ \ 22
engagement that is at an acute angle to the longitudinal 2 \ hl

axis. The wheel member (11) has a tread portion (28)
extending about its periphery and positioned such that
it is intersected by the line of engagement substantially
where it contacts the surface. A chassis for vehicles
such as wheel chairs having one or more drive wheels
I according to the invention is also described.
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DRIVE WHEEL

Field of Invention

The present invention relates to a drive wheel and a chassis for wheeled
vehicles such as wheelchairs.

B roun he Invention

It has long been understood that wheels can assist in the transport of vehicles.

transportation of temporarily or permanently disabled persons. Using traditional
wheels, such wheelchairs can typically be quite cumbersome to operate and often
cannot negotiate a twisting pathway that could, for example, be easily negotiated by a
person on foot.

A number of wheels and wheeled assemblies have been developed that do
allow vehicles, such as wheelchairs, to negotiate paths that would otherwise be not
possible with traditional wheels. An example of one particular arrangement is
described in International Publication Number WO 93/20791. This application
describes a wheeled chassis having at least one driven wheel. The wheel is
connected to the chassis by a steerable support that extends from the chassis
perpendicularly to the ground over which the wheel is designed to travel. The wheel
itself comprises a bearing bilock mounted to the steering support and a wheel member
that is rotatable relatively to the bearing block. The wheel has a tread member
extending about its periphery that is the portion of the wheel that contacts the surface
while the wheel is traveiling over the ground. The wheel described in this application
Is characterised in that where the tread of the wheel makes contact with the surface
on which it is travelling, it is longitudinally aligned with the axis of the steerable
support.

While being a suitable arrangement for many applications, corrective steering

movements are often still required when the assembly is in the proximity of a physical
obstacle, such as an item of furniture.

SUBSTITUTE SHEET (RULE 26)
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A further assembly is described in European Patent Specification EP 0 414 671
which comprises a driven wheel which is obliquely arranged with respect to a surface
over which it is designed to travel and which has at its periphery a partial sphericali
tread surface. For propelling the vehicle, the assembly includes a first drive shaft
about which is mounted concentrically a drive gear that is provided for steering the
assembly. In the assembly, the rotation of the drive shaft is not directly transmitted
to the wheel but instead is transmitted through a transmission arrangement formed by
three gear wheeis to a second drive shaft that is connected to the rim of the wheel.
The tread of this wheel is also not longitudinally aligned with the axis of the drive gear

for the steering assembly.

The present invention is directed to an alternative drive wheel and chassis
assembly to those described above.

Summary of the Invention

According to a first aspect, the present invention consists in a drive wheel for
travelling on a surface comprising a support member, a wheel member and a drive
shaft, the drive shaft having a drive means engaging a drive surface on the wheel
member to rotatably drive the wheel member relative to the support member, the drive
shaft having a longitudinal axis and the engagement of the drive means and drive
surface defining in vertical cross-section a line of engagement that is at an acute angle
to the longitudinal axis characterised in that the wheel member has a surface
contacting portion extending about its periphery and positioned such that it is
intersected by the line of engagement substantially at where it contacts the surface.

The support member can have a substantially hemispherical outer surface with
the wheel member rotatable about an axie extending normal to an inner surface of the
hemispherical member. The wheel member can comprise a frusto-spherical portion
extending between first and second surfaces, the first surface having a larger cross-
sectional diameter than the second surface and also being the drive surface of the
wheel member. The surface contacting portion can also extend about the periphery of
the frusto-spherical portion adjacent the first surface. The surface contacting portion

can be fabricated from an elastomeric material, such as polyurethane and can have a
curved outer surface.
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In one embodiment, me drive .sta.a‘ftzafaw'a!je. ang ~$nbsmenﬁ ally normal to the
surface over which the wheel is intended 10 tmve& ang m rotated reiatxve toits
Iongltudmal axis by & driving dawcw

The drive means can comprrse g gear: mambar aijawn‘t one and of the dnve
5 shaft havmg festh dasposed thereon that are adamad 10 aﬂgaga with corr%pondzng

A

teeth on the first or drive surface of the wh&al mamber.

inea prefarred embodiment, the gsar mamber can compr:w a conical bevel

pinion adapted to engage with the teeth on thea wheel mambm in cro*a-sactmn the

ine of engagement preierably is at an ang le of betwaan ab@ut 10° and about °5° 10
10 the longitudinal axis of the drive shatt. _ .
In & further embodiment, the suppnr‘: mamb@r m the whwe! can be mountad to
a support shaft. The support shaft can bﬁ rmmtab@ abe:)uz rts !ongswuma? 2X18 with
the rotation of the support shaft about its mm-gnmdsna& axis jmg controlied by &
steenng means, such as z s*teer'ing motor. in & m&:férrm-emb@démant. the drive shatt
15 can extand through the support sha.%t, . |
The steenng means and Qriving means can ¢ amtztut'—* part of or ne controlied

by a control unit for the wheel,

A..; the surface contacting portion. of thm w": el -atmo*rdiw 10 the nres

invention is:positioned such that it I1s mtersrect@d by the iane of -engagemsnt substantialiy
20 where it contacts the surface, any steering correctson m‘ the drwe wheel while the drive
shaft is stationary does not resuit in im. wheel twisting ;.frzmponaﬂy with respect to the
ground. Rather, the surface co.ntaotizng portion travels in thé path of a small circle about
the longitudinal axis of the drive shaft thereby m@pm_- that axis stationary. This is an
advantage of the present wheel as it serves 1o lessen wear on the surface, such as a
carpet, on which the wheel is turning. it & lso substantsa!ly lessens the strain imposed on

the torque capability of the steering mcatcar and so raduces the drain on any power source
used for the assembly, such as battenes.

i
{7

The wheel according 1o the present iimmmm;;a-a-.s;a?h;as_a number of advantages

over the prior art described above, including: . _
30 (1) no intermediate gear wheel having. aha'xltév‘ that is jwfn-alled in a support
arm i1s required to reverse thfa rotatlon of the whwl re!atwa to the drive shaft in order

to correctly compensate for rotation of the m:%rmg an ve gear;




10

15

20

25

30

CA 02294761 2000-01-04

WO 99/01298 PCT/DK98/00289 _

4

(i) the distance between the axis of the drive shaft and the surface
contacting portion of the wheel is relatively smalil so lessening the eccentric load on

the mechanical support system of the assembly; and finally

(i) the drive gear on the drive surface of the wheel member can have a
diameter that is a significant proportion of the effective diameter of the wheel so
reducing the load on the drive means for any given drive force.

According to a second aspect, the present invention consists in a chassis
having at least one drive wheel for travelling on a surface, the drive wheel comprising
a support member, a wheel member and a drive shaft, the drive shaft having a drive
means adapted to engage with a drive surface on the wheel member and so rotatably
drive the wheel member relative to the support member, the drive shaft having a
longitudinal axis and the engagement of the drive means and the drive surface defining
In vertical cross-section a line of engagement that is at an acute angle to the
longitudinal axis characterised in that the wheel member has a surface contacting
portion extending about its periphery and positioned such that it is intersected by the
line of engagement substantially at where it contacts the surface.

Each support member in the second aspect also preferably has a substantially
hemispherical outer surface with the wheei member rotatable about an axie extending
normal to an inner surface of the hemispherical member. Each wheel member also
preferably comprises a frusto-spherical portion extending between first and second
surfaces, the first surface having a larger cross-sectional diameter than the second
surface and also being the drive surface of the wheel member. The surface contacting
portion preferably extends about the periphery of the frusto-spherical portion adjacent

the first surface. The surface contacting portion can be fabricated from an

elastomeric material and have a curved outer surface.

In the chassis, the drive shaft of each driven wheel can be substantially normal
to the surface over which the chassis is designed to travel. Each drive shaft can also
be rotated relative to its longitudinal axis by a driving device.

In a preferred embodiment of the second aspect, each drive shaft of the drive
wheels on the chassis extends through a corresponding one of the support shafts.

The drive means in the second aspect can comprise a gear member adjacent

one end of the drive shaft having teeth disposed thereon that are adapted to engage

with corresponding teeth on the first or drive surface of the wheel member. In a

preferred embodiment, the gear member can comprise a conical bevel pinion adapted

SUBSTITUTE SHEET (RULE 26)
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to engage with the teeth on the first or drive surface of the wheel member. In cross-

section, the line of engagement preferably is at an angle of between 10° and 25° to
the vertical longitudinal axis of the drive shaft.

" The support member for each driven wheel on the chassis can be mounted to a
support shaft with the support shafts being preferably rotatable about their respective
longitudinal axes. The rotation of each support shaft is preferably controlled by its
own steering means.

The chassis according to the second aspect also preferably has a controlling
means for controlling the operation of the steering means and the drive shaft. The
controlling means can further include an operator-actuated device for controlling the
movement of the chassis. In one embodiment, the operator-actuated device can
comprise a joystick that allows the operator to control the movement of the chassis in
a forwards and backwards direction, a sideways direction and also to turn the chassis
as desired.

The motion of the chassis according to the second aspect of the present
invention can be controllied by at least three signal transmitters, including:

- an x-potentiometer for the longitudinal command:

- @ y-potentiometer for the sideways command: and

- 8 o -potentiometer for the rotation command.

The at least three signal transmitters in this embodiment are preferably
combined on a joystick.

In a further embodiment, the chassis can include a control system in which a
correction factor is added to the signals received from the signal transmitters if the
signals received from the signal transmitters result in the wheel speed being less than
a predetermined minimum speed whilst the chassis velocity is greater than a
predetermined maximum so as to avoid instability in the chassis which would occur
due to the wheel speed suddenly shifting in direction.

The chassis according to the second aspect of the present invention is
preferably for any wheeled vehicle adapted to carry a load. The wheeled vehicle can
be selected from the group consisting of a wheelchair, patient hoist, shower chair,
commode chair, transport chair, walking aid, fork lift, pallet mover, work table robot,
distribution troliey, mobile platform for camera and lighting equipment, luggage and
shopping trolleys, hospital beds and cabinets, hospital waste containers, construction

vehicles, earth moving vehicles, mining vehicles, and bomb disposal vehicles.
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In a further aspect, the present invention comprises a chassis having at least
two drive wheels, with at least one drive wheel mounted on a first drive carriage and
at least one drive wheel mounted on a second drive carriage of the chassis
characterised in that the drive wheels on the respective first and second carriages can
move relatively towards and away from each other.

In one embodiment of this further aspect, the drive carriages each have lateral
members that telescopically or otherwise engage with respect to each other on
movement of the drive wheels relatively towards and away from each other. The
lateral members can telescopically or otherwise engage within a housing disposed
between the drive wheels. In one embodiment, the housing remains midway between
the drive wheels on movement of the drive wheels relatively towards and away from

each other.

In a preferred embodiment of the further aspect, each drive wheel can comprise

a drive wheel as defined herein as the first aspect of the present invention. In a

further preferred embodiment, the chassis can comprise a chassis as defined herein as
the second aspect of the present invention.

Brief Description of the Drawings

By way of example only, a preferred embodiment of the present invention is

now described with reference to the accompanying drawings, in which:

Fig. 1 is a simplified vertical cross-sectional view of a drive wheel according to
the present invention mounted to a chassis:

Fig. 2 is a simplified representation of a chassis having two drive wheels
according to the present invention:

Figs. 3 and 4 are representations of the motion geometry of a drive carriage of
the chassis depicted in Fig. 2; and

Figs. 5 and 6 are schematic representations in block diagram form of a control
strategy that can be used for the drive chassis depicted in Fig. 2.

Preferred Mode ¢

arrving Out the Inventic

A drive wheel according to the present invention is generally depicted as 10 in

Fig. 1. The drive wheel 10 includes a wheel member 11 capable of rotating relative to

‘SUBSTITUTE SHEET (RULE 26)
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@ support block 12 about an axla that 18 f:{ﬂ;&d to the wppart biock 12 by screw 15,
The wheel member 11 has & frustmspnarmml outer surface 13 and g first surface 18
and a second surface 17. Ex‘t@ndmg about the mnpn&rv of the wheel member 11
an;_ax..ent the first surface 16 is an @;astom@m fx;rmd 18 ,hag_.vmg a curved outer surface
5 defining a rolling line 28 that contacts the 3u#face 18 over which the wheel member
11 travels When in use. -
Extending downwardly from & chaﬁms 27 ”bearmg@ 20, a steering shaft 22 is
mounted between the chassis 21 and the--squr; i:;iee-k"j 2. In the depicted
smbodiment, it can be seen that the amer’gin,;ghw‘t 22 and ﬁ_-upp-art block 12 comprise
10 one integral member of the whsel, M@umad canc&ntrzca%iy on bearings 23 within the
shaft 22 is 2 drive shaft 24 that is rotatable retative to *::h'e' steernng shaft 22. The
rotation of the drive shatt & as controiied Dy & drive motor as known in the art (not
depicted) that would be mountad on the chassis 22? The rotation of the steering shaft
22 i3 controlled by a steering means as known in the art {not depicted) that would

also be mounted on the chassis 21, Both the driﬁve device and stesnng means could

-3
(1

comprise part of a ccmtrol unit jor the drwm wmm QO mounted on the chassis. The

operation of a cantrol unit for a chassis. ﬂavmcz drwe whieets &,cem.ng to the presant

invention is provided in more detall Delaw, | '

The end of the drive shaft 24 da;acam ‘ahe wheel m@mb@r ;‘l nas a conical

20 bevel ninion 25 that s engaged with the wmn @f a "mrr@sp@ndmg crown whne eal 28

disposed on the first surface 16 of the whes! member 11. As is depicted in cross-

section in Fig. 1, the bevel pinton 28 and crown wheel 25 meet at a ling of

engagement 27 that is at an angle 'V, to the immtudmal am S . 4a of the drive shaft

24, Accordingly, rotation of the drive shaft 24 about its iongitudinal axis 24a resuits

A
Ui

in rotation of the whee! member 11 relative tc stpport biﬁ)t:ﬁk 12 and so drives the
wheel 10 over the surface 18. The curva}-d'ﬁ:umzﬁ;&urf;a;m-of the tread 18 of the whesel
member 117 is also intersected at"roliing line 28 by the hine of engagement 27.

By positioning the tread 18 such that it is intersected by the line of
engagement 27 at the pomt of contact 28 w:th the ground surface the wheel 10 has a

30 number of advantages mcludmg
()  asteering motion of he. mwm_; shaft 22 when the shaft 24 Is
stationary does not lead to any movement of the chassm 21 as mevement of the chassis

21 only occurs on rotation of the drive shaft 24,
(i) a st%fiﬂg motion of the steering shaft 22 when the drive shaft
24 is stationary causes the tread 18 to travei in the path of a small circle: aboutthe
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longitudinal axis 244, i.e. a rolling mation rather than a stick/slip motion, resuiting in

the chassis 21 remaining substantiaily '-sttatiim"_a’r?} o

(iit) because point 28 of tread 38 is "c};ﬂ Mt m ©ros $~$-_s;cti0n relative to the
longitudinal axis 24a of the drive shaft 24 an angle equal to ¥,, any torque transferred
from the drive shaft 24 to the wheel 11 in order to overcome the drive resistance is

counterbaianced by the same drive resi nmactmganth@ periphery of the tread

where it contacts the surface 19;

{iv) - thara IS NO requawmam for aﬁddmonal gwr wmels to reverse the rotatton
of the steering support 22; |

(V) the diameter of the crown whﬁ@l 26 ca sg*;?he at lm&t 60~70% of the .

effective diameter of the tread 18 rasulting

ina :.mcar;a;. 18850 nable relation between
drive force and the gear wheel lda:dingﬁ ' ' _

(Vi) the axis of the wheel 11 relative wtha gmurld surface 19 can be
between about 20-30°, so sharply reducing the amaumaf twist inherently combined
with the rolling motion of the wheel 11 over t-ha“suffaém 19 when a wheel axis is not
paralle! to the ground, thereby reducing waar Qrigth-;e;surfﬁaﬁe 19 and reducing drive
power losses; and \ . \ ) -

(vii)  the distance from -.ro;i:&ﬁg i‘mﬁ; 28 to | thaf longitudinal axis 24a can be
relatively small so reducing the :ec.c;efn_!zﬁc¥iw-ef' th—e*i;@mi{an the wheel 10,

The angles ¥, and ¥, are subject to tm Qonestmim that there must be a whole
number of teeth on the bevel pinion 25 and on the crown wheel 26. For straight teeth
this implies that sin¥,/sin¥; must be the fat:obetwmnthasatwo whole numbers. If
the radius of the tread 18 of the whesl mammr 1 1 .rmkcn.@?d from the intersection of
the line of engagement 27 and longitudinal axis -24-3--’?3’-!’% then the radius of the circle
of intersection between the ground surface and the cpmealw nappe of the pinion pitch
cone is R{sin'Y,). Denoting the angular valomty of the. ﬁrw& sl'mft 24 as w,, the speed
of travel of the wheel 11 over the-surfac\ 1-Q-w_-sgll be @d8~(sun-.\;;,}-ms if R is reckoned in

metres and @, in radians/second.

WP

In the case of straight teeth, the an;_ma_can %hm@‘ﬁ the foliowing values:

Example 1: vy, = 13°527, y, = 78° and ¢, = 25°527
Example 2: wyy = 13°421, y, = 78°, and %, s 2=5°421 '

in the case of skewed teeth, the angim can hmﬁa th@ following values:
Example 1: v, = 12°00052, vy, W77°9$$48 an% ;w-==\ 24*900104

b=

% ,,?P@w:
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A turther variation of the depicted wheel would be to use a plane crown wheel
rather than one having the teeth on the first surface.

A simplified representation of a chassis having two drive wheels 10 and two
standard non-driven wheels 30 is provided by Fig. 2. The chassis depicted in Fig. 2 is
capable of undergoing change in lateral dimension simply by a movement of the
respective drive wheels either relatively towards or away from each other. In this
embodiment, the chassis can be understood as being comprised of two sub-carriages
31 having lateral members 32 that can telescopically or otherwise move with respect
to each other. Movement of the carriages is provided simply by moving the two drive
wheels 10 either towards or away from each other so allowing the lateral dimension
of the chassis to be adjusted. In the arrangement depicted in Fig. 2, the lateral
members 32 move so as to ensure that the respective distances of the drive wheels
10 from a central linking housing 33 remain symmetrical relative to the housing 33.
The capability of the chassis to adjust its lateral dimensions can be particularly useful
when the chassis has to pass through a narrow opening such as a door. While the
embodiment described in Fig. 2 is understood to have drive wheels 10 as depicted in
Fig. 1, it will be readily understood by a person skilled in this area that other drive
wheels could be utilised on the chassis if desired.

In assessing the operation of the drive motor and steering device for the drive
wheels 10 on this chassis, it is useful to use a co-ordinate system that is in a plane
parallel to the ground surface, with the x-axis defining the forwards/backwards
movement and the y-axis the sideways movement of the chassis relative to an
arbitrary reference point. In the depicted arrangement, forward movement from the
reference point is considered movement in a positive direction along the x-axis and
sideways movements to the right from the reference point is considered movement in
a positive direction along the y-axis. Any rotation about the reference point is

considered positive if the rotation is clockwise when viewed from above.

For the purpose of understanding the operation of the drive motor and steering
means, reference will be made to the following definitions:

SYMBOL | DESCRIPTION

Joystick X-command, normalised.

Joystick Y-command, normalised.
J

SUBSTITUTE SHEET (RULE 26)
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control strategy relevant 1o the driva chass.a ass a&pmtad xn Fig. 2.

representatuon of the signais gﬁneratmd cm m@vemmm of the joystick for the device by

Fig. & proviges &
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an operator. At the top of Fig. § in the remnmbmmd A. representation is provided of

the three signal transmitters in a tri-axial mymick as used for the depicted chassis,

nameiy:

-

- an x-potentiometer for the tongitudinal command;

- a y-potentiometer for the sideways command and

81

- an wp -potentiometer for the rotation command.

Further in the top right corner of Fig. 5 are found:

- a W,-potentiometer for manual setting of the W,-¢co-ordinate; and

- a W-potentiometer for the feedback of the actual W ,-co-ordinate as
10 measured by the telescopic movemants Ebatwee_h the two sub-carriages 21 of the
chassis of Fig. 2. ' | ; ‘ '
All the values are subject 10 an -.A;-DC@Dmmtaioﬂ and then a subsequent scaling

against predetermined maximum vaiues 1o obtain idmti'ﬁabl-e dimensional values.

ory whan the power 10 the

scale factors usad in ths scaiing step araiaavfeé“‘%n mem

1% chassig 15 turned off,
After the digital scaung, '::h-é.-Corréagmtfi-tﬁﬁi:ﬁﬁg;wi@lu_&-éa Jxo Jy @8N0 @ are in normalised
form independent of individual jovstick tﬁQ-E@raméa.n thaaj-owtiak speed componsants J,

and J, are then combinad to the normalised Joystick sm-gd- command U, From thesa

#

values are obtained sing = J,/U and cosg WU _:«:ub*jactm U>Q.

20 Thne two values U and w are then'nwdiﬁ-&:d ‘f;‘amuphfuréhe-r scaie factors 1o
obtain suitabie full scale deflecttion speads in aat-c-c;z#cﬁfama with the Operétm's
requirements. These modified values are U'\"' a.a:dm%. I

Subsequently, the modified wmmimd:mmw%ntsfwx = U'cosy and
J', = U'sing are obtained, with the method ensunng simuitaneity between the two

25 vector components J', and J',. These values together with o', W, and W, are
rransferred as input values to the control stffafa-.te;gy 88 depibted in the block diagram
given 8s Fig. ©. . | ' ' ' :

in the upper left corner of Fig. 6, it can be sean that the Q_Qr‘ttm.l..stfategy
includes an integrator, with the dut:put vaiue W, whtc:h is the instantaneous command
30 value for the sideways distance W,, of gach drive wheel from the centre line. During
start-up of the chassis system, this imegmar s initialised with W,, = W, in order 1o
ensure a bump free start up éof the s;ysté;m.; ‘
During operation the integrator a.ccép'ts. input commands from the two push
buttons SHIFT-WIDE and SHIFT«NARRQW {(represented on Fig. D) to increase or

IV T PUUUT U T PPT § 7 1--P0wy
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decrease the value ot W, The value W, mmawn 'S the dua ance of each drive wheel

from the centre line of the drive chas&:s and m to be taken M poszt:ve for the right
hand drive wheel and negative for the ieft hand drwe wn&el The difference betweeh
the two is used 10 generate th-e..-cormctmm . o

-5 s’y = K1(Wyi - Wyo), (do not split the formula over two iines), wi ich is added to the
commands from the joystick in the s’idawayéi.dimctiosn o thewheel control. This

causes the wheels {0 approach the required tstanca -b@Meeh ‘them in an
exponential manner with a time constant equal to K, if the bandwidth of the
subsequent control system Is larger than 1/K,. "

10 The remaining motion commands originate .dimﬂy- from joystick manipulations
generating the two vector componantsJ’ and J' as-well as " , Which sombma with
the shift command in accordance with the abo\fa formulae to generate the two wheel
command vectors.

Ve = - 0 W, (iongatudmdi dimc'tmn aneﬁ

—
hn

Vw, = Jd' + o'W, + ¢’ {(sideways ﬂ-zsmml-@n}.

Thnis set of wheel commands 18 gnnﬁrata aeparate!y for eacn wheei 10, and
differs for each wneel as a fesuit of the different wﬂ@-&--&fca-o'rdmates From the root of
the sum of squares of these two commang vécm"r' g derived - the crive wheel

20 command speed V., which will alwavs be & ms!tave .number

Each of these vectors divided by V,, sumect 1o V. > O, generate siny; and
cosy,, where @i is the input\currima;nd angle for the wheel drive direction. .

The control strategy depictad in ©ig. 6‘«;3'@3 amﬁthﬁema}ticai maode! ;n" whes!
wurn, which is represented by part B in Fig. 8. This mods! consists mainly of Two

25 integrators executng the two relations:

siny | = J .. Cosy_dr
cosy,, = - ¥, siny
30 The input command to this model is the valuey,, (required model rate of turn!

which is generated in the angular diﬁar@ma&f =amrmi.nmiong section labelled A in Fig. 6,
and which is discussed below. The terms to tm mwgram@l are generated by this mput

rate of turn and the output vaiues of the meael coswm and siny,, respectively.
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The root of the sum of the squared cautpuL values is L.saa 10 maintain the

integrator outputs on & LIty radlus vaiue ‘Th& ar&a ia“il ad B in FQ. © thus

consmtutes an uniimited czrcular mwgrator cf thﬁ mput vaiue Wm

[ 4

Tha two integrators can, when requxmd and pamcuiarly at aowa*-up, be

o

5 initialised with the values COsY, and siny,, mprawmm the actual angutar position of

the physical drive whesl.

The purpose of the m&thamfiafcica\ model devetoped at mr't‘B is to obtain &
mmmnad rotaaon of the phvsncal drive wnesl with & known and noise-free value of
W, lrrmspectwe of any amermaldzstwban ----- ces of the p}-«v-sma grive wheel. The physical

10 drive wheel Is subsnguem‘y locked on to t“m matnamaﬁ al mode! through &

SArvo control | O0p 88 would be understwd in the an Th@ mput command value

10 this servomotor (s the sine of the angularu'i-ﬁf ranca oetween the pnvsical drive

whee! and the mathematical mogeal giver by

s Sin{y,., - W, = SNV, CO8Y, - COSW ,,10:2"1\1?

The gain coethicient Ks :mtraiﬁ ‘E’(’kﬁ b dwsﬂ 0 z:h w0op, and the féecﬁ
forward of v through the coefficient K, ensures, m’.\ﬁat the dynamic value of
sin{wq-w,) s always small, K having & valua m ::*u ng the regutrs serve  input

20 tor the rats of turn in gusstion. The mraammwm% hetween the phvsicai drive wheel
and the mathamatical model g theredy -@Mﬁé% '"H'n up 1o the torque limit of the wheel
TUrM SErvomotor, :

The arez iabelled & of the angular drffa em@ a LETTHNAtion section =g, ©

cansists mainly of the Tour muitapt.;r,,, ,.,v.akuatmgme. Terms
25 ‘

SNV, - W) = SINW;COSWYi - COS; SINU,

COS(W; - W) = COSWY,COSY, + SINY, SINY,,

30 which identufy the angular diﬁﬁemnaez W xpm bmtwwn the wheai turn model direction

m and the required dirgction y, of Lhm pwsxcat whael .
By one turther mumpitg‘atson 1S _@-bmm%dm&-‘wfm?

VaSIN2(Yi = Yo = SNl - ) COSIY - Wenl




10

K
{31

B
&

25

- 30

CA 02294761 2003-07-22

WO 99/01298 PCT/DK98/00289 _

14

which ndenuf;es the doubl& angular dxﬁar@nw Usmg thm vaiue as a8 command input

v, to the wheel turn model, two stabie. aml two unstabm balance condutnons are

obtamed The stable cond:t:ons are at (w’q!m} =0 and {wwwm) =m, and the two unstable

conditions are at (YY) =m/2 and (W W =37/2. The fe_;g.ult; s that the mathematical

modei and consequently aiso therﬁ:hvsi-sal;rwh@@.iwfi.li' line up either parallel to, or anti-

paraliel to, the required direction W, 'T"htisj saves time aﬂd aﬂérgy‘in the wheel turn
mbtion, because the wheel will never need to tum mere than an angle /2 1o atiain
any new required direction. By su-.bsaquaml\: mu-‘:fi‘@‘hﬁm ma required wheel drive
speed V,;, which is always a positive value, with the term .;;o:s";(w; - Yo @Nd using
cos{w; - v} V.88 the commangd vailue for wmmm speed, 1t is ensured that motion
of the drive wheel is always odtained in the t\mrrem: dirgcticn wraspective of the two
alignment possibilities. ' '

nstead of directly using the term sind(y, - v} dirmtiv as the commeang input 1o

the wheel turn model, a modified version, wmm gmara*es fingar variation around the

two stable palance conomcms un to & weH d@:m@d mw:af!mu"‘t va’w angd sSuppresses

actual zeroes at the unstable conditions, can alsc be emploved.

As airgady mentioned, the term coslv, - v,,) Vs applied as the input

command. Howeaver, because the whesl r@@d R plie mwmq along 2 trajectony

v traced

out by centre axis of ti wnmei with its given co«emmmes, but at 2 trajectory offset

from this by the amount of the whee! offse another term ww

offsat in metres, 1s subtracted ‘irom.the wnee 3@@;.grd.q:g.mmanﬁ“ This compensates Tor

the wheel tracing out a curve of 3 shightly -maﬁiﬁmdfraﬁiius in a turning condition,
Tne wheel speed wcmmand can bm sub mct 10 mma mmmtory and accaleration

consTraints to ensure smooth operation d:urmg varymg.@p-mammat conditions.

Apart from the mbvrous hmltatlmns on speed forc@ ami forque set by the control
servomotors involved, a drive system can mmrpnrate addltmal features. As a result of
combined drive and turn movements of the total sys t@m gither wheel may get into a
situation of receiving a drive command from a jeyatit;kwhioh. reduces in magnitude
towards zero, passes through zero and ag ain mcmasaa .ini the opposite direction. If this
takes place exactly through zero, the wntral : strat@gy d&acr:ibad above is able 10
accommodate this command as the -driw Cammand - jas:t goes through zero and then
comes up again opposite without changmg the miammim of the wheel housing. However,
in most cases the command will miss tha exact zero point by a small

1., where K, is the wheel
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amount, in which case the wheel, because of the polar co-ordinate nature of the
system, will be called upon to turn very fast in order to foliow the actual turning

command. If the angular velocity iimits of the wheel are exceeded, a jerking motion

may be experienced in the drive motion of the total system. For this reason it is

5 advantageous to set up restrictions on the fundamental command group of J’,, J',, o',
and s’y, such that V,, cannot get below a certain value if U’ > Vyi. Such conditions

can be set up in various ways, the details of which will relate to the actual application
of the drive system.

As an example, one restriction could be as follows:
10

If (Vi < Viimin) Whilst (U’ > 2V i min)

then [J'x + 2V iminCOSY; , J'y + 2V i minSINY;]
else [J'x, J'yI;

15 where V,imniS @ minimum value of V.. bslow which uncertainties in the orientation

determination of the wheel housing may become unacceptable.

Other variations of the present invention will be readily apparent to those
skilled in the art.

20

SUBSTITUTE SHEET (RULE 26)
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What is claimed is:

1. A drive wheel for traveling over a traveling surface, comprising:

a support member that is adapted to be mounted on a chassis so as to be
rotatable in relation to the chassis about a steering axis extending substantially
perpendicularly to the traveling surface;

a wheel member having a surface contacting portion extending about a periphery
of said wheel member; and

a drive shaft having a longitudinal axis, wherein said drive shaft includes a drive
device that is immovably fixed relative to said drive shaft and is arranged to engage a
drive surface that is immovably fixed relative to said wheel member and is on said wheel
member such that said wheel member can be rotatably driven relative to said support
member, wherein when said drive device is engaged with the drive surface a line of
engagement is defined in a vertical cross-sectional plane along portions of said drive
device and the drive surface that engage with each other, with the line of engagement
forming an acute angle with said longitudinal axis such that when said drive wheel is
traveling over the traveling surface, the line of engagement intersects a part of said
surface contacting portion that contacts the traveling surface and, the part of said
surface contacting portion that contacts the traveling surface is spaced from an

Intersection of the steering axis and the traveling surface.

2. The drive wheel according to claim 1, wherein said longitudinal axis extends
substantially perpendicularly to the traveling surface when said drive wheel is traveling
over the traveling surface.

3. The drive wheel according to claim 2, wherein the acute angle formed by the line
of engagement and said longitudinal axis when said drive device is engaged with the

drive surface is between about 10° and about 25°.

4. The drive wheel according to claim 2, further comprising a driving mechanism for
rotating said drive shaft.

5. The drive wheel according to claim 4, wherein said support member is mounted
on a support shaft defining the steering axis.
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6. The drive wheel according to claim 5, wherein said support shaft is rotatable
about the steering axis, and further comprising a steering device to control rotation of
said support shaft about the steering axis.

7. The drive wheel according to claim 6, further comprising a control unit for

controlling said drive wheel, wherein said control unit includes said steering device.

8. The drive wheel according to claim 5, wherein said drive shaft extends through
said support shaft.

9. The drive wheel according to any one of claims 1-8, wherein said drive device
comprises a gear member that is adjacent an end of said drive shaft, with said gear
member having teeth thereon that are adapted to engage with teeth on said wheel
member such that said drive device becomes engaged with the drive surface of said

wheel member.

10. The drive wheel according to any one of claims 1-9, wherein said support
member includes a substantially hemispherical outer surface, and with said wheel
member being rotatable about an axis extending perpendicular to an inner surface of

sald support member.

11. The drive wheel according to claim 10, wherein said wheel member comprises a
frusto-spherical portion extending between a first surface and a second surface, with
said first surface having a larger cross-sectional diameter than that of said second
surface.

12.  The drive wheel according to claim 11, wherein said surface contacting portion
extends about a periphery of said frusto-spherical portion adjacent said first surface.

13.  The drive wheel according to claim 12, wherein said surface contacting portion

comprises an elastomeric material having a curved outer surface.

14.  The drive wheel according to any one of claims 1-13, further comprising a control
system for controlling operation of a said drive wheel in a chassis having at least one
said drive wheel for traveling over the traveling surface, wherein said control system is
adapted to control a steering motion of a steering shaft and rotation of said drive shaft
independently of each other such that movement of the chassis is performed solely by
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rotation of said drive shaft caused by a driving motor, and such that rotation of the
steering shaft without rotation of said drive shaft by the driving motor results in

substantially no movement of the chassis.

15. The drive wheel according to claim 14, wherein said control system is to control
operation of said drive wheel by at least three transmitting signais, including signals
from: (i) an x-transmitter for a longitudinal command, (ii) a y-transmitter for a lateral

command, and (iii) an wp-transmitter for a rotation command.

16. The drive wheel according to claim 15, wherein the x-transmitter, the y-

transmitter and the wp-transmitter are combined on a joystick.

17. The drive wheel according to claim 15, wherein said control system is for adding
a corrective amount to signals received from the x-transmitter, the y-transmitter and the
wp-transmitter if the signals received from the x-transmitter. the y-transmitter and the
wp-transmitter indicate that velocity of said wheel is less than a predetermined minimum
velocity while velocity of said chassis is greater than a predetermined maximum velocity,
such that instabiiity in said chassis is avoided which would otherwise occur due to the

velocity of said wheel suddenly shifting in direction.

18. A chassis having at least one drive wheel for traveling over a traveling surface,
with said at least one drive wheel comprising:

a support member that is mounted on said chassis so as to be rotatable in
relation to said chassis about a steering axis extending substantially perpendicularly to
the traveling surface;

a wheel member having a surface contacting portion extending about a periphery
of said wheel member; and

a drive shaft having a longitudinal axis, wherein said drive shaft includes a drive
device that is immovably fixed relative to said drive shaft and is arranged to engage a
drive surface that is immovably fixed relative to said wheel member and is on said wheel
member such that said wheel member can be rotatably driven relative to said support
member, wherein when said drive device is engaged with the drive surface a line of
engagement is defined in a vertical cross-sectional plane along portions of said drive
device and the drive surface that engage with each other, with the line of engagement
forming an acute angle with said longitudinal axis such that when said drive wheel is
traveling over the traveling surface, the line of engagement intersects a part of said

surface contacting portion that contacts the traveling surface and, the part of said
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surface contacting portion that contacts the traveling surface is spaced from an
Intersection of the steering axis and the traveling surface.

19. The chassis according to claim 18, wherein said longitudinal axis of said drive
shaft extends substantially perpendicularly to the traveling surface when said at least

one drive wheel Is traveling over the traveling surface.

20. The chassis according to claim 19, wherein the acute angle formed by the line of
engagement of said longitudinal axis of said drive shaft when said drive device is

engaged with the drive surface is between about 10° and 25°.

21. The chassis according to claim 18, further comprising a driving mechanism for

rotating said drive shaft.

22. The chassis according to claim 18, wherein said drive device comprises a gear
member that is adjacent an end of said drive shaft, with said gear member having teeth
thereon that are adapted to engage with teeth on said wheel member such that said

drive device becomes engaged with the drive surface of said wheel member.

23. The chassis according to claim 18, wherein said support member is mounted on
a support shaft defining the steering axis.

24. The chassis according to claim 23, wherein said support shaft is rotatable about
the steering axis, and further comprising a steering device to control rotation of said
support shaft.

25.  The chassis according to claim 24, further comprising a controlling device for

controiling operation of said steering device and said drive shaft.

26. The chassis according to claim 23, wherein said drive shaft extends through said
support shaft, with said support shaft being tubular.

27. The chassis according to any one of claims 18-26, wherein said support member
Includes a substantially hemispherical outer surface, and with said wheel member being
rotatable about an axis extending perpendicular to an inner flat surface of said support

member.
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28. The chassis according to claim 27, wherein said wheel member comprises a
frusto-spherical portion extending between a first surface and a second surface, with
said first surface having a larger cross-sectional diameter than that of said second

surface.

29. The chassis according to claim 28, wherein said surface contacting portion
extends about a periphery of said frusto-spherical portion adjacent said first surface.

30. The chassis according to claim 29, wherein said surface contacting portion

comprises an elastomeric material having a curved outer surface.

31. The chassis according to any one of claims 18-30, wherein said chassis is for a
wheeled vehicle that is adapted to carry a load.

32. The chassis according to claim 31, wherein said chassis is for a wheeled vehicle
that is adapted to carry a load, with the wheeled vehicle selected from the group
consisting of a wheelchair, a patient hoist, a shower chair, a commode chair, a transport
chair, a walking aid, a fork lift, a pallet mover, a work table, a robot, a distribution trolley,
a mobile platform for camera and lighting equipment, a luggage and shopping trolley, a
hospital bed, a hospital cabinet, a hospital waste container, a construction vehicle, an
earth moving vehicle, a mining vehicle and a bomb disposal vehicle.

33.  The chassis according to any one of claims 18-32, wherein said at least one
drive wheel comprises at least two drive wheels, with at least one of said at least two
drive wheels being mounted on a first drive carriage and with at least another of said at
least two drive wheels being mounted on a second drive carriage, and wherein said at
least one of said at least two drive wheels can move relatively towards said at least
another of said at least two drive wheeis.

34. The chassis according to claim 33, wherein said first drive carriage includes
lateral members and said second drive carriage includes laterai members, with said
lateral members of said first drive carriage being movably engageable with one another
upon movement of said at least one of said at least two drive wheels and said at least
another of said at least two drive wheels respectively towards each other, and with said
lateral members of said second drive carriage being movably engageable with one
another upon movement of said at least one of said at ieast two drive wheels and said at
least another of said at least two drive wheels respectively towards each other.



CA 02294761 2003-07-22

35.  The chassis according to claim 34, wherein one of said lateral members of said
first drive carriage and one of said lateral members of said second drive carriage
comprise respective portions of a housing located between said at least one of said at
least two drive wheels and said at least another of said at least two drive wheels.

36. The chassis according to claim 35, wherein said housing is constructed and
arranged to remain midway between said at least one of said at least two drive wheels
and said at least another of said at least two drive wheeis upon movement of said at
least one of said at least two drive wheels and said at least another of said at least two
drive wheels respectively towards each other.

37. The chassis according to claim 34, wherein said lateral members of said first
drive carriage are movably engageable with one another upon movement of said at least
one of said at least two drive wheels and said at least another of said at least two drive
wheels respectively towards each other by being telescopically engageable with one
another, and wherein said lateral members of said second drive carriage are movably
engageable with one another upon movement of said at least one of said at least two
drive wheels and said at least another of said at least two drive wheels respectively
towards each other by being telescopically engageable with one another.

38. The chassis according to claim 37, wherein said lateral members of said first
drive carriage are movably engageable with one another upon movement of said at least
one of said at least two drive wheels and said at least another of said at least two drive
wheels respectively towards each other by having another of said lateral members of
said first drive carriage be telescopically engageable with one of the respective portions
of said housing, and said lateral members of said second drive carriage are movably
engageable with one another upon movement of said at least one of said at least two
drive wheels and said at least another of said at least two drive wheels respectively
towards each other by having another of said lateral members of said second drive
carriage by telescopically engageable with another of the respective portions of said
housing.

39. The chassis according to claim 38, wherein said housing is constructed and
arranged to remain midway between said at least one of said at least two drive wheels
and said at least another of said at least two drive wheels upon movement of said at
least one of said at least two drive wheels and said at least another of said at least two
drive wheels respectively towards each other.
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40. The chassis according to any one of claims 18-39, further comprising at least
three signal transmitters to control motion of said chassis, wherein said at least three
signals transmitted include:

(1) an x-potentiometer for longitudinal motion control of said chassis,

(1) a y-potentiometer for lateral motion control of said chassis, and

() a wp-potentiometer for rotational motion control of said chassis.

41. The chassis according to claim 40, wherein said at least three signal transmitters

are combined in a joystick.

42. The chassis according to claim 40, further comprising a control system for adding
a corrective amount to signals received from said at least three signal transmitters if the
signals received from said at least three signal transmitters indicate that velocity of said
wheel is less than a predetermined minimum velocity while velocity of said chassis is
greater than a predetermined maximum velocity, such that instability in said chassis is
avoided which would otherwise occur due to the velocity of said wheel suddenly shifting

in direction.

43. A method of controlling operation of a drive wheel for traveling over a traveling
surface, wherein the drive wheel comprises:

(i) @ support member that is mounted on a chassis so as to be rotatable in
relation to the chassis about a steering axis extending substantially perpendicularly to
the traveling surface, with the steering axis being defined by a steering shaft;

(i) a wheel member having a surface contacting portion extending about a
periphery of said wheel member; and

() a drive shaft having a longitudinal axis, wherein said drive shaft includes a
drive device that is immovably fixed relative to said drive shaft and is arranged to
engage a drive surface that is immovably fixed relative to said wheel member and is on
sald wheel member such that said wheel member can be rotatably driven relative {o said
support member, wherein when said drive device is engaged with the drive surface a
line of engagement is defined in a vertical cross-sectional plane along portions of said
drive device and the drive surface that engage with each other, with the line of
engagement forming an acute angle with said longitudinal axis such that, when the drive
wheel Is traveling move the traveling surface, the line of engagement intersects a part of
said surface contacting portion that contacts the traveling surface and, the part of said
surface contacting portion that contacts the traveling surface is spaced from an
intersection of the steering axis and the traveling surface, said method comprising:
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controlling a steering motion of the steering shaft and rotation of the drive shaft
iIndependently of each other such that movement of the chassis is performed solely by
rotation of the drive shaft, which rotation is caused by a driving motor, and such that
rotation of the steering shaft without rotation of the drive shaft by the driving motor

results in substantially no movement of the chassis.

44 The method according to claim 43, wherein controlling of the steering motion of
the steering shaft is performed in response to at least three transmitting signals,
including signals from:

(1) an x-transmitter for a longitudinal command,

(1) a y-transmitter for a lateral command, and

(1) an wp-transmitter for a rotation command.

45. The method according to claim 44, wherein the x-transmitter, the y-transmitter
and the wp-transmitter are combined in a joystick, and further comprising controlling the
steering motion by operating the joystick.

46. The method according to claim 44, further comprising adding a corrective amount
to signals received from the x-transmitter, the y-transmitter and the wp-transmitter if the
signals received from the x-transmitter, the y-transmitter and the wp-transmitter indicate
that velocity of the wheel is less than a predetermined minimum velocity while velocity of
the chassis Is greater than a predetermined maximum velocity, such that instability in
said chassis is avoided which wouid otherwise occur due to the velocity of the wheel

suddenly shifting in direction.

47 A drive wheel for supporting a chassis while traveling over a ground or floor
surface, comprising:

a support member that is adapted to be mounted on the chassis so as to be
rotatable in relation to the chassis about a steering axis extending substantially
perpendicularly to the ground or floor surface,;

a wheel member mounted on said support member s0 as to be rotatable relative
to said support member about a first axis, with said wheel member having an annular
ground contact surface thereon that defines a plane that s perpendicular to the first axis;
and

a driving member that is rotatably mounted about a second axis, with said driving
member having a driving contact surface thereon that is immovably fixed relative to said

driving member, wherein said driving contact surface is arranged to engage with a
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corresponding driven contact surface that is immovably fixed relative to said wheel
member and is provided on said wheel member so as to rotate said wheel member
relative to said support member, wherein when said driving contact surface is engaged
with the corresponding driven contact surface a line of engagement is defined in a plane,
containing the first and second axes, along portions of said driving contact surface and
the corresponding driven contact surface that engage with each other, with the line of
engagement intersecting said annular ground contact surface at a point that is spaced
from a point of intersection of the steering axis and the ground or floor surface when said

drive wheel is traveling over the ground or floor surface.

48. The drive wheel according to claim 47, wherein the second axis is substantially
perpendicular to the ground or floor surface when said drive wheel is traveling over the

ground or floor surface.

49. The drive wheel according to claim 48, wherein the line of engagement and the
second axis form an angle of between 10° and 25°.

50. The drive wheel according to claim 49, wherein said driving member comprises a

bevel gear and the corresponding driven contact surface comprises a crown wheel.

51. The drive wheel according to claim 50, wherein said support member is mounted
on a rotatable, hollow support shaft that defines the steering axis, with said bevel gear

being arranged on a drive shaft extending through said rotatable, hollow support shaft.
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