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Title: Wheel apparatus

Description of Invention

This invention relates to a wheel apparatus, in particular but not exclusively to

an attachment member for attaching a pair of vehicle wheels.

Wheel constructions for vehicles, in particular agricultural vehicles and other
off-road vehicles, typically include a substantially circular rim (an example of
which is shown at 10 in in Figure 1). A typical rim 10 has a first axis A. A
typical rim 10 also has axially inner and outer flanges 12a, 12b, each of which
is positioned adjacent a respective bead seat 14a, 14b, which provides a seat
for a tyre bead of a tyre (not shown), which is fitted to a radially outer or “tyre
side” 10a of the rim 10. Such wheel constructions typically also include a disc
20 which is connected to a radially inner side or “weather side” 10b of the rim
10. The disc 20 enables the wheel construction to be securable to a hub of a
vehicle, for example by the use of bolts or other fixings. The rim 10 and the
disc 20 may be separable from one another, or may be permanently joined to

one another, for example by welding.

The disc 20 is connected to the rim 10 in a central portion or “well” 16 of the
rim 10. The well 16 is positioned between the inner and outer flanges 12a,
12b, and may be positioned substantially centrally between the inner and outer
flanges 12a, 12b. This well 16 will hereinafter be referred to as the central well
16, despite the fact that the well 16 need not, in fact, be positioned exactly
centrally between the inner and outer flanges 12a, 12b. The central well 16
has a reduced diameter compared with other parts of the rim 10, to enable a
tyre to be fitted on to the rim 10. Each bead seat 14a, 14b is positioned axially
inwardly of the respective flange 12a, 12b. Each bead seat 14a, 14b typically

includes a substantially straight surface against which a tyre bead may be
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located. Upon inflation of a tyre to its in use pressure, a force is applied to
each bead seat 14a, 14b and to each flange 12a, 12b. Each bead seat 14a,
14b has an axially outer end which is attached to the respective flange 12a,
12b by a flange connecting part 13a, 13b. Each flange connecting part 13a,

13b is a concave portion, and is known in the art as a bead seat radius.

Between each bead seat 14a, 14b and the central well 16 is positioned a side
part 15a, 15b, which has a particular ‘profile’. It is known for the profile of each
side part 15a, 15b to include concave and convex portions which create ‘sub-
wells’. The profile of each side part 15a, 15b may include a straight portion in

combination with the convex and concave portions.

It is desirable to provide additional wheels, particularly to off-road vehicles, and
more particularly to agricultural vehicles, to provide additional traction and to
spread the load of the vehicle across a larger footprint area, for example to

reduce soil compaction in the case of agricultural vehicles.

A rim of each additional wheel is attached to the rim of a respective driven
wheel (referred to herein as a first wheel or vehicle wheel), which is carried by
an axle of the vehicle. The additional wheel rim has equivalent parts to the

vehicle wheel rim 10.

It is known to provide an attachment arrangement including a spacer band
which is fixed to both the first wheel and the corresponding additional wheel on
the weather-side of the bead seat of each rim. The spacer band is attached to
each of the rims using standard fixings, for example bolts. The attachment
arrangement transmits torque from the corresponding axle to the additional
wheel via the respective vehicle wheel, and tie rods which extend between the
two wheel rims. The spacer band may also be used to centralise the pair of
wheels to which it is attached. An exemplary spacer band 50 is shown in

Figures 2 and 3. The spacer band 50 has a central portion 52, a first



WO 2020/002935 PCT/GB2019/051834

10

15

20

25

30

attachment portion 60 and a second attachment portion 70. The first
attachment portion 60 includes a bead seat engagement portion 62 which is
attached to the weather side of the bead seat 14a of the vehicle wheel. The
bead seat engagement portion 62 is substantially flat. As can be seen from
Figure 2B, when the spacer band 50 is attached to the wheel rim 10, there is
only a small area of contact between the spacer band 50 and the bead seat
14a. The spacer band 50 also includes a flange tracking portion 64, which lies
near to but is not in direct contact with the flange 12a of the rim 10. The
second attachment portion 70 includes a first well 72 formed in the spacer
band 50, and a lip 74, which is attached to an underside of the first well 72,
such that the first well 72 and the lip 74 define a receiving portion for receiving
an adapter ring which may be attached to the rim of the additional wheel, for

example to the flange and/or to the bead seat.

Methods of attachment of an additional wheel are disclosed, for example, in

European patent application EP3162590 and European patent EP1529656.

Tyre slip (where the tyre slips relative to the bead seat of the wheel rim) in high
traction situations can cause damage to the tyre. Friction between the tyre
and the rim may then be reduced, causing the tyre to slip further, which may
result in the tyre deflating and/or further damage to the tyres. The applicant
has developed a wheel rim which is particularly well suited to high traction
situations, which aims to reduce tyre slip by increasing the stiffness of the
bead seat by increasing the length of the flanges. An example of an improved

wheel rim is described in UK patent publication number GB2539032.

Existing spacer bands are unsuitable for use with such rims, for example
because known spacer bands are difficult to locate on such rims, and therefore
it may be difficult or impossible to attach additional wheels to vehicles with

such rims.
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In accordance with embodiments of the invention, there is provided an
attachment member for attaching a pair of wheels together, the attachment
member including a central portion, a first attachment portion which includes at
least one portion which is engageable with at least one of a side part of a first
wheel rim and a central well of the first wheel rim, and a second attachment
portion which includes at least one portion which is engageable with at least
one of a side part of a second wheel rim and a central well of the second

wheel rim.

At least one of the first attachment portion and the second attachment portion
may include a profiled portion which is shaped to correspond with a profile of a
side part of a corresponding one of the first wheel rim and the second wheel

rim.

The first attachment portion may include a profiled portion which is shaped to
correspond with a profile of a side part of the first wheel rim and the second
attachment portion may include a profiled portion which is shaped to

correspond with a profile of a side part of the second wheel rim.

One of the first attachment portion and the second attachment portion may
include a profiled portion and the other of the first and the second attachment

portion may include a substantially straight part.

One of the first and the second attachment portion includes a profiled portion
and the other of the first and the second attachment portion may include a

substantially curved part.

One of the first attachment portion and the second attachment portion may
include a first straight part and a second straight part, and the other of the first

attachment part and the second attachment part may include a curved part.

Both the first attachment portion and the second attachment portion may

include a straight part.
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include a curved portion.

The first attachment portion may include a substantially straight part which is
engageable with the central well of the first wheel rim and the second
attachment portion may include a substantially straight part which is

engageable with the central well of the second wheel rim.
The or each profiled portion may include at least one concave portion.
The or each profiled portion may include a plurality of concave portions.

The attachment member may include at least one inclined portion, the or each

inclined portion being adjacent and connected to the central portion.

According to embodiments of the invention, there is also provided a dual wheel
arrangement including an attachment part according to an embodiment of the

first aspect of the invention, a first wheel rim and a second wheel rim.

At least one of the first and the second wheel rim may include an extended

flange.

At least one of the first and second wheel rim includes a side part having a

profile with a plurality of sub-wells.

The invention will now be described, by way of example only, with reference to

the accompanying drawings, of which:

FIGURE 1 is an illustrative perspective view of a prior art wheel rim;

FIGURE 2A is a cross-sectional view of a prior art spacer band,;

FIGURE 2B is a cross-sectional view of a part of the prior spacer band of
Figure 2A, shown in engagement with a part of a wheel rim;

FIGURE 3 is an illustrative, cut away view of a pair of wheel rims attached to

one another with an attachment member in accordance with the invention:;
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FIGURE 4 is a cross sectional view of a pair of wheel rims attached to one
another with an attachment member in accordance with the invention;

FIGURE 5A is a cross-sectional view of an attachment member in accordance
with the invention;

FIGURES 5B and 5C are cross-sectional views of another embodiment of an
attachment member in accordance with the invention;

FIGURE 6 is a cross-sectional view of another embodiment of an attachment
member in accordance with the invention:;

FIGURE 7 is a cross-sectional view of another embodiment of an attachment
member in accordance with the invention; and

FIGURE 8 is a cross-sectional view of another embodiment of an attachment

member in accordance with the invention.

Referring to Figures 3 and 4, there is shown a first wheel rim 10, which bears
the same general features of the rim 10 described above. The rim 10 is the
rim of a first wheel or vehicle wheel (i.e. a wheel carried by an axle of the
vehicle and attached to a hub of the vehicle). A rim 30 of an additional wheel
is attached to the rim 10. The additional wheel rim 30 has equivalent parts to
the vehicle wheel 1: a rim 30, having a tyre side 30a and a weather side 30b;
flanges 32a, 32b; connecting parts 33a, 33b; bead seats 34a, 34b; side parts
35a, 35b; a central well 36.

The rims 10, 30 are attached to one another by an attachment arrangement
which includes an attachment member 150. The attachment member 150 may
be a continuous, substantially circular band, and may be manufactured from
steel, for example. The attachment member may be between approximately
4.5mm and approximately 10mm thick. The attachment member 150 may be a
spacer band which holds the rims 10, 30 a predetermined distance apart. The
attachment member may also enable the centralisation, in other words
alignment, of the rims 10, 30, such that they are substantially co-axial with one

another.
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The attachment member 150 includes a central portion 152. The central
portion 152 is substantially flat. The width X of the central portion 160 may be
dependent upon the type of the vehicle wheel rims 10, 30 to which the
attachment member 150 is intended to be attached, and/or the type of tyre to
be used. For example the width X may depend upon the profile of the tyre. At
each end of the central portion 152, there may be an inclined portion 160, 170,
each of which has a first end 161, 171 which is connected to the central
portion 152, and a second end 162, 172 which is distal from the central portion
152. A band radius of each inclined portion 160, 170 is smaller at the
respective second end 162, 172 than at the respective first end 161, 171 of
each inclined portion. The width Y of each inclined portion 160, 170 may be
dependent upon the type of the vehicle wheel rims 10, 30 to which the
attachment member 150 is intended to be attached, and/or the type of tyres to

be used, for example the width Y may depend upon the profile of the tyre.

The width X and/or the width Y may vary with the profile height of the tyre to
be used. For example, a higher profile tyre may require an attachment
member having a greater width X and or a greater width Y since part the tyre
may extend outwardly beyond the edge of the rim 10, 30 when the tyre is in

place.

Band diameters Z, Z' (as indicated on Figure 5A) are dependent upon the
diameter of the wheel rims 10, 30 to which the attachment member 150 is

intended to be attached.

An angle of inclination 6 subtended between each inclined portion 160, 170
and the central portion 152 may be approximately 5°. The angle of inclination
B may match the inclination of a part of the bead seat 14, 34 of the rim 10, 30

to which the attachment member 150 is intended to be attached, in use.
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The attachment member 150 also includes a first attachment portion 180 and
a second attachment portion 190. The first attachment portion 180 and the
second attachment portion 190 are intended to be attached to a part of the first
rim 10, and the second rim 30, respectively. The first attachment portion 180
may be attachable to one of the side parts 15a, 15b of the first rim 10 and the
second attachment portion 190 may be attachable to one of the side parts 35a,
35b of the second rim 30.

Each attachment portion 180, 190 has a first end 181, 191 and a second end
182, 192. The first end 181, 191 of each attachment portion 180, 190 is
connected to the second end 162, 172 of a respective one of the first and
second inclined portions 160, 170. Each attachment portion 180, 190 is
connected to the respective inclined portion 160, 170 by a respective radiused
portion 183, 193. In embodiments, the radiused portions 183, 193 are convex.
In embodiments the radius of curvature of each of the radiused portions 183,
193 may be 9mm. It will be appreciated that if no inclined portion or portions,
160, 170 are provided, then one or both of the attachment portions 180, 190

would be connected to the central portion 152 of the attachment member 150.

In embodiments, the attachment portions 180, 190 may be identical (i.e. they
may mirror one another such that the attachment member 150 is symmetrical)
or may be different from one another. In the example shown in Figures 5A-C,

the attachment member 150 is symmetrical.

In embodiments, each attachment portion 180, 190 may include one or more
profiled portions 130, 140. In embodiments, the or each profiled portion 130,
140 may include a first concave portion 184, 194 and a second concave
portion 186, 196. In embodiments, the radius of curvature of each of the first
and second concave portions 184, 194, 186, 196 may be the same. The
radius of curvature of each of the first and second concave portions 184, 186,

194, 196 may be 22mm. In embodiments, an angle ® subtended between the
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central portion 152 and a line struck between the first end 181, 191 of the
respective attachment part and the midpoint of the first concave portion may
be dependent upon the profile of the or each rim 10, 30. The angle ® may be
53.6°.

A portion of the or each profiled portion 130, 140 may match a portion of the
profile (i.e. the side part 15, 35) of the wheel rim 10, 30 to which the
attachment member 150 is attached or is intended to be attached. It will be
appreciated that one or both of the attachment portions 180, 190 may include

a profiled portion 130, 140.

In embodiments, each of the first concave portions 184, 194 may have the
same radius of curvature as one another, and each of the second concave
portions 186, 196 may have the same radius of curvature, but the radius of
curvature of the first concave portions 184, 194 may be different from the
radius of curvature of the second concave portions 186, 196. In embodiments
the radius of curvature of each of the first and second concave portions 184,

186, 194, 196 may differ from one another.

The first concave portion 184, 194 of each attachment part 180, 190 may be
connected to the respective second concave portion 186, 196 by a second
radiused portion 185, 195. In embodiments, each of the second radiused
portions 185, 195 is convex. In embodiments, each of the second radiused
portions 185, 195 may have a radius of curvature of between approximately
4mm and approximately 10mm, and the radius of curvature may be
approcimately 9mm. The radius of curvature may depend upon the ultimate

thickness of the material from which the band is manufactured (rolled).

In embodiments (for example as shown in Figure 5B and 5C), one or both of
the attachment parts 180, 190 may include a third concave portion 188, 198

which is connected to the respective second concave portion 186, 196 by a
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respective third radiused portion 187, 197. One or both of the attachment
parts 180, 190, may also include a straight portion 189, 199, which extends
towards the second end 182, 192 of the respective attachment part 180, 190.
The straight portion 189, 199 may be between approximately 20mm and
approximately 70mm, and is arranged to contact a part of the central well of a

rim, when in use.

The example of the attachment member 150 shown in Figures 5A-C is
intended for use with a pair of rims 10, 30, having the same profile as one
another, i.e. having the same shape of the side parts 15a, 15b, 35a, 35b which
are to be connected together. The example shown in Figures 5A-C is suitable
for connecting a pair of the applicant’'s wheel rims having a multiple sub-wells
in their side parts 15a, 15b, 35a, 35b. Suitable rim profiles are described in
detail in European patent publication numbers EP2193931 and EP3303002.

It will be understood that the configuration of the or each profiled portion 130,
140 of the attachment member 150 may include more or fewer concave
portions and/or radiused portions, so as to produce a profiled portion or
profiled portions which match the wheel rims which may be used with the
attachment member 150. All references to ‘concave’ and ‘convex’ in relation
to an attachment member are with respect to an upper side of the attachment
member, i.e. the side of the attachment member which, in use, contacts the

weather side of the wheel rims 10, 30.

Referring to Figure 6, there is shown an embodiment of an attachment
member 250. The attachment member 250 has a central portion 252. The
central portion 252 may be substantially flat. At each end of the central portion
252 there may be an inclined portion 260, 270, each of which has a first end
261, 271 and a second end 262, 272. An angle of inclination 6 may be
subtended between the central portion 252 and each of the inclined portions

260, 270 may be approximately 5°. The angle of inclination 6 may be
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dependent upon the inclination of a part of the bead set of the rims to which
the attachment member 250 is intended to be fitted. The attachment member
250 may include a pair of attachment portions 280, 290, each having a first
end 281, 291 and a second end 282, 292. Each attachment portion 280, 290
may include a profiled portion 230, 240. The or each profiled portion 230, 240
may include a first straight part 284, 294. One or both of the attachment
portions 280, 290 may include a second straight part 286, 296. The or each
second straight part may be between approximately 20mm and approximately
70mm, for example. The or each first straight part 284, 294 may be connected
to the respective inclined portion 260, 270 by a radiused portion 283, 293. In
embodiments, the radiused portions 283, 293 are convex. The or each
second straight part 286, 296 extends towards the respective second end 282,
292 of the respective attachment part 280, 290 The or each second straight
part 286, 296 may be connected to the respective first straight part 284, 294
by a second radiused portion 285, 295. The or each of the second radiused
portions 285, 295 may be concave. The or each second straight part 286,
296 may be between approximately 20mm and approximately 70mm, for
example. The or each second straight part 286, 296 may be arranged to

contact a part of the central well of a wheel rim, when in use.

The radiused portions, concave portions and convex portions of the
attachment member 250 may have similar or identical radii of curvature to

similar or corresponding features of the attachment member 150.

The attachment member 260 may be considered as a ‘universal’ attachment
member which is compatible with rims having any profile. The second straight
part 286, 296 is intended to contact and be attached to a part of the central
well of the corresponding wheel rim 10, 30 to which the attachment member is
intended to be attached, and the first straight part 284, 286 effectively
bypasses the side part (i.e. profiled part) of the rim 10, 30, such that the
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attachment member 260 may be compatible with rims 10, 30 having any side

part profile.

An embodiment of an attachment member 350 is shown in Figure 7.
Embodiments of the attachment member 350 may be very similar to the
attachment member 250, in that the attachment member 350 may include a
central portion 352, and first and second attachment parts 180, 190. Each of
the first and second attachment parts 180, 190 may include a profiled portion
130, 140, including first straight parts 384, 394 and second straight parts 386,
396 for engagement with and/or attachment to a part of a central well of a rim.
The attachment member 350 does not include angled portions between the

central portion 352 and the attachment portions 370, 380.

An embodiment of an attachment member 450, is shown in Figure 8. The
attachment member 450 has a central portion 452. The central portion 452
may be substantially flat. At each end of the central portion 452 there may be
an inclined portion 460, 470, each of which has a first end 461, 471 and a
second end 462, 472. An angle of inclination 8” which may be subtended
between the central portion 452 and each of the inclined portions 460, 470
may be approximately 5°. The angle of inclination 6” may be dependent upon
the inclination of a part of the bead set of the rims to which the attachment
member 450 is intended to be fitted. The attachment member 450 may
include a pair of attachment portions 480, 490, each having a first end 481,
491 and a second end 482, 492. Each attachment portion 480, 490 may
include a profiled portion 430, 440. The or each profiled portion 430, 440 may
include a curved part 484, 494. One or both of the attachment portions 480,
490 may include a straight part 486, 496. The or each straight part 486, 496
may be between approximately 20mm and approximately 70mm, for example.
The or each curved part 484, 494 may be connected to the respective inclined
portion 460, 470 by a radiused portion 483, 493. In embodiments, the
radiused portions 483, 493 are convex. The or each straight part 486, 496
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extends towards the respective second end 482, 492 of the respective
attachment part 480, 490. The or each straight part 486, 496 may meld with
the curved part 484, 494, or may include a second radiused portion. The
curved part 484, 494 effectively bypasses the side part (i.e. the profiled part) of
the rim to which the attachment member 450 is intended to be attached, such
that the attachment part 450 is compatible with a rim or rims having side parts
with any profile. Embodiments of the attachment member 450 may be

considered to be a ‘universal’ attachment member.

It will be understood that a hybrid attachment member may be provided,
including a profiled portions having different configurations on each side, such
that the attachment member is not symmetrical. It is possible to ‘mix and
match’ profiled portions to suit different wheel and tyre types for different
applications. For example a vehicle may have a certain type of wheel rims
attached to the vehicle, but the wheels to be used as the additional wheels
may have a different rim profile. Therefore, it may be beneficial to provide an
attachment member having different profiled portions on each side, and/or to
provide an attachment part having at least one side with a ‘universal’ profiled

portion which is compatible with any rim which is suitable for the application.

In use, an attachment member 150, 250, 350, 450, or a hybrid attachment
member is attached to the weather side of a vehicle wheel rim 10 and an
additional wheel rim 30 to create a dual wheel arrangement. The attachment
member 150, 250, 350, 450, or a hybrid attachment member may be used to
centralise the wheel rims 10, 30 and also to enable torque to be transmitted
from the first rim 10 to the additional rim 30. The attachment member 150,

250, 350, 450, or hybrid may be part of an attachment arrangement.

Known attachment members (spacer bands) contact the bead seat and/or the

flange of each wheel rim of a dual wheel arrangement. Embodiments of the
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invention enable the attachment member to contact the side part (i.e. the

profiled part) of one or both rims and/or the central well of one or both wheels.

An advantage of the present invention is that the attachment member may be
used in combination with high traction rims having an extended flange.
Furthermore, efficacy of the attachment member to transmit torque from the
vehicle wheel to the additional wheel is improved compared with known
arrangements, since the contact surface area between the attachment
member and the rim is increased. Twisting or torsion of the attachment
member in high-traction situations is lessened, improving the integrity and
reliability of the attachment member. In addition, centralising the pair of
wheels is facilitated, reducing the risk of damage to wheels and tyres, thus

improving performance.

When used in this specification and claims, the terms "comprises" and
"comprising" and variations thereof mean that the specified features, steps or
integers are included. The terms are not to be interpreted to exclude the

presence of other features, steps or components.

The features disclosed in the foregoing description, or the following claims, or
the accompanying drawings, expressed in their specific forms or in terms of a
means for performing the disclosed function, or a method or process for
attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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CLAIMS

An attachment member for attaching a pair of wheels together, the
attachment member including a central portion, a first attachment
portion which includes at least one portion which is engageable with at
least one of a side part of a first wheel rim and a central well of the first
wheel rim, and a second attachment portion which includes at least one
portion which is engageable with at least one of a side part of a second

wheel rim and a central well of the second wheel rim.

An attachment member according to claim 1, wherein at least one of the
first attachment portion and the second attachment portion includes a
profiled portion which is shaped to correspond with a profile of a side
part of a corresponding one of the first wheel rim and the second wheel

rim.

An attachment member according to clam 1 wherein the first
attachment portion includes a profiled portion which is shaped to
correspond with a profile of a side part of the first wheel rim and the
second attachment portion includes a profiled portion which is shaped

to correspond with a profile of a side part of the second wheel rim.

An attachment member according to claim 2 wherein one of the first
attachment portion and the second attachment portion includes a
profiled portion and the other of the first and the second attachment

portion includes a substantially straight part.

An attachment member according to claim 2 wherein one of the first and
the second attachment portion includes a profiled portion and the other
of the first and the second attachment portion includes a substantially

curved part.
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An attachment member according to claim 1 wherein one of the first
attachment portion and the second attachment portion includes a first
straight part and a second straight part, and the other of the first

attachment part and the second attachment part includes a curved part.

An attachment member according to claim 1 wherein both the first
attachment portion and the second attachment portion include a straight

part.

An attachment member according to claim 1 wherein both the first
attachment portion and the second attachment portion include a curved

portion.

An attachment member according to any of claims 1 to 8 wherein the
first attachment portion includes a substantially straight part which is
engageable with the central well of the first wheel rim and the second
attachment portion includes a substantially straight part which is

engageable with the central well of the second wheel rim.

An attachment member according to claim 2 wherein the or each

profiled portion includes at least one concave portion.

An attachment member according to claim 10 wherein the or each

profiled portion includes a plurality of concave portions.

An attachment member according to any one of the preceding claims
including at least one inclined portion, the or each inclined portion being

adjacent and connected to the central portion.

A dual wheel arrangement including an attachment part according to

any of claims 1 to 13, afirst wheel rim and a second wheel rim.

A dual wheel rim arrangement according to claim 13 wherein at least

one of the first and the second wheel rim includes an extended flange.
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15. A dual wheel rim arrangement according to claim 13 or claim 14
wherein at least one of the first and second wheel rim includes a side

part having a profile with a plurality of sub-wells.
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