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NON-PNEUMATIC TIRE OR WHEEL WITH
METAL SUPPORT STRUCTURE

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to a vehicle
tire and, more particularly, to a non-pneumatic tire with
support rings and metal spokes. In a further aspect, the
invention relates to a wheel comprising a non-pneumatic tire
with support rings and metal spokes.

[0002] The pneumatic tire has been the solution of choice
for vehicular mobility for over a century and is still domi-
nant on the tire market today. Pneumatic tires are efficient at
carrying loads because all of their structure participates in
carrying the load. Pneumatic tires are also desirable because
they have low contact pressure, resulting in lower wear on
roads due to the distribution of the load of the vehicle.
Pneumatic tires also have low stiffness, which ensures a
comfortable ride in a vehicle. The primary drawback to a
pneumatic tire is that it requires compressed fluid (e.g., air
or an inert gas). A conventional pneumatic tire is rendered
useless after a complete loss of inflation pressure.

[0003] A tire designed to operate without inflation pres-
sure may eliminate many of the problems and compromises
associated with a pneumatic tire. Neither pressure mainte-
nance nor pressure monitoring is required. Structurally sup-
ported tires such as solid tires or other elastomeric structures
to date have not provided the levels of performance required
from a conventional pneumatic tire. A structurally supported
tire solution that delivers pneumatic tire-like performance
would be a desirous improvement.

[0004] Non pneumatic tires are typically defined by their
load carrying efliciency. So-called “bottom loaders” are
essentially rigid structures that carry a majority of the load
in the portion of the structure below the hub. “Top loaders”
are designed so that all of the structure participates in
carrying the load. Top loaders thus have a higher load
carrying efficiency than bottom loaders, allowing a design
that has less mass.

[0005] US 2017/297371 Al discloses a non-pneumatic
tire, which includes a ground contacting annular tread por-
tion, a shear band, and a connecting web positioned between
a hub and the shear band. US 2017/297371 A1 specifically
relates to the shear band, which is preferably comprised of
a three-dimensional spacer fabric having a first and second
layer connected by connecting members. The three-dimen-
sional spacer fabric has a defined depth. The three-dimen-
sional spacer structure further includes a plurality of cells
formed between the connecting members, and wherein one
or more of the cells are filled with a filler material. The filler
material may be foam or a thermoplastic elastomer.

[0006] U.S. Pat. No. 8,662,122 discloses a non-pneumatic
tire including a plurality of springs. Each spring comprises
a first end portion, a second end portion, and an arching
middle portion. Each spring is interwoven with at least one
other spring thereby forming a toroidal structure extending
about an entire circumference of the non-pneumatic tire. The
toroidal structure is at least partially coated with an elasto-
mer.

[0007] US 2009/0250149 relates to a flexible non-pneu-
matic tire, comprising a plurality of supporting elements
interconnected by an interconnection structure, the intercon-
nection structure supporting a tread, each supporting ele-
ment being connected by a staple to a rim.
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[0008] U.S. Pat. No. 6,640,859 describes a non-pneumatic
resilient tire which derives its capacity to bear a load from
laminated elements capable of supporting bending moments.
The laminated elements include a stack of resilient sheets
superposed and separated by a layer of rubber adhering to
the latter, forming a beam capable of undergoing bending
stress.

SUMMARY OF THE INVENTION

[0009] A first aspect of the invention relates to a non-
pneumatic tire. The non-pneumatic tire has a tire axis, a first
lateral side and a second lateral side. The first and second
lateral sides are axially separated. The non-pneumatic tire
comprises:

[0010] an outer ring structure with a tread extending
circumferentially around the tire axis, the outer ring struc-
ture extending transversally from the first lateral side to the
second lateral side and comprising a first support ring on the
first lateral side and a second support ring on the second
lateral side;

[0011] an inner ring structure, the inner ring structure
comprising a first base ring on the first lateral side and a
second base ring on the second lateral side; and

[0012] a connecting structure effective to transfer load
from the inner ring structure to the outer ring structure, the
connecting structure including:

[0013] a first set of metal spokes extending from the
first support ring to one of the first and second base
rings, and

[0014] a second set of metal spokes extending from the

second support ring to the other of the first and second
base rings, the spokes of the first and second sets being
slanted with respect to the tire axis.
[0015] As used herein, the term “tire” designates a ring-
shaped component configured to surround a (wheel) rim to
transfer load from the rim to the ground and to provide a
flexible cushion that absorbs part of the shocks occurring
when the tire rolls on the ground. The term “wheel” herein
designates the combination of a tire and a rim. The term
“rim” designates a comparatively rigid circular component
with which a wheel can be connected to a wheel axle.
[0016] A second aspect of the invention relates to a vehicle
wheel, the wheel having a wheel axis, a first lateral side and
a second lateral side, the wheel comprising:
[0017] a rim arranged on the wheel axis;
[0018] an outer ring structure with a tread extending
circumferentially around the wheel axis, the outer ring
structure extending transversally from the first lateral side to
the second lateral side and comprising a first support ring on
the first lateral side and a second support ring on the second
lateral side;
[0019] an inner ring structure, the inner ring structure
comprising a first base ring connected to the rim on the first
lateral side and a second base ring connected to the rim on
the second lateral side;
[0020] a connecting structure effective to transfer load
from the inner ring structure to the outer ring structure, the
connecting structure including:

[0021] a first set of metal spokes extending from the
first support ring to one of the first and second base
rings, and

[0022] a second set of metal spokes extending from the

second support ring to the other of the first and second
base rings.
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the spokes of the first and second sets being slanted with
respect to the wheel axis.

[0023] A wheel according to the second aspect of the
invention could be formed by mounting a non-pneumatic
tire according to the first aspect of the invention on a (wheel)
rim. Alternatively, the inner ring structure with the first and
second base rings could be integrated with the rim.

[0024] In embodiments of the aspects of the invention, the
spokes of the first set may extend from the first support ring
to the second base ring while the spokes of the second set
extend from the second support ring to the first base ring.
The spokes of the first and second sets may be arranged in
a scissor configuration. The spokes of the first and second
sets may cross each other in a plane that is perpendicular to
the tire or wheel axis and located centrally (at least approxi-
mately at mid-distance) between the support rings or the
base rings. The individual spokes may be substantially linear
features. The spokes may cross each other without being in
contact.

[0025] In alternative embodiments, the spokes of the first
set may extend from the first support ring to the first base
ring while the spokes of the second set extend from the
second support ring to the second base ring. In such con-
figuration, the support rings may have between them a
different spacing distance than the base rings, in order to
ascertain that the spokes extend at a slant angle (not per-
pendicularly) with respect to the tire or wheel axis.

[0026] In embodiments, the spokes of the first set may
alternate with the spokes of the second set in circumferential
direction around the tire or wheel axis.

[0027] In embodiments, the outer ring structure may com-
prise leaf springs extending from the first support ring to the
second support ring, the leaf springs being arranged to
maintain the first and second support rings in substantially
facing and substantially coaxial relationship. According to
specific embodiments, the leaf springs may have a radially
outer side forming the tread. The leaf springs may be
configured to deform under load so as to form a contact
patch. The leaf springs may be dimensioned such that the
contact patch extends over a predefined number of leaf
springs under a given nominal load.

[0028] According to embodiments, the outer ring structure
may comprise a support band extending from the first
support ring to the second support ring, the support band
being configured to maintain the first and second support
rings in substantially facing and substantially coaxial rela-
tionship. The support band may have a radially outer surface
on which the tread is formed as a tread band. The support
band optionally comprises transversal reinforcement extend-
ing from the first support ring to the second support ring. The
support band may include therein one or more cushions. The
one or more cushions may be arranged between the trans-
versal reinforcement and the tread band. The cushions may
have a function of distributing forces exerted on the tread
over a larger area and a function of yielding under pressure
o0 as to contribute to formation of a contact patch between
the tread and the ground.

[0029] According to embodiments, one or more braces
may be provided for maintaining the first and second base
rings in facing relationship at a distance from each other. The
one or more braces may be effective to preload the spokes.
When a rim is provided, the one or more braces may connect
the first and second base rings to the rim.
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[0030] According to embodiments, the first and second
support rings may have a support ring diameter, the first and
second base rings may have a base ring diameter, and the
ratio of the base ring diameter to the support ring diameter
may amounts to between 0.2 and 0.9, preferably to between
0.3 and 0.8, and more preferably to between 0.5 and 0.75.
[0031] According to embodiments, the rim comprises a
first flange arranged on the first lateral side and a second
flange arranged on the second lateral side, at least one of the
first and second flanges being removable, the first and
second flange comprising an abutment surface for the first
and second base ring, respectively. One or more braces or
one or more clamps could be provided to push the first and
second base ring against the abutment surface of the first and
second flange, respectively.

[0032] As used herein, the expression “tread” may desig-
nate the part of a tire or wheel that is intended for touching
the ground.

[0033] The spokes may be made of any suitable metal,
e.g., steel, copper, aluminum, magnesium, etc. As used
herein, the expression metal is intended to encompass alloys
of plural elemental metals. The use of the expression “metal
spokes” does not exclude the presence of non-metal com-
ponents thereon, such as, e.g., coating, wrapping, etc.
[0034] In the present document, the verb “to comprise”
and the expression “to be comprised of” are used as open
transitional phrases meaning “to include” or “to consist at
least of”. Unless otherwise implied by context, the use of
singular word form is intended to encompass the plural,
except when the cardinal number “one” is used: “one”
herein means “exactly one”. Ordinal numbers (“first”, “sec-
ond”, etc.) are used herein to differentiate between different
instances of a generic object; no particular order, importance
or hierarchy is intended to be implied by the use of these
expressions. Furthermore, when plural instances of an object
are referred to by ordinal numbers, this does not necessarily
mean that no other instances of that object are present
(unless this follows clearly from context). When reference is
made to “an embodiment”, “one embodiment”, “embodi-
ments”, etc., this means that these embodiments may be
combined with one another. Furthermore, the features of
those embodiments can be used in the combination explic-
itly presented but also that the features can be combined
across embodiments without departing from the invention,
unless it follows from context that features cannot be
combined.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] By way of example, preferred, non-limiting
embodiments of the invention will now be described in
detail with reference to the accompanying drawings, in
which:

[0036] FIG. 1 is a perspective view of all-metal non-
pneumatic tire according to a first embodiment;

[0037] FIG. 2 is a side elevation view of the tire of FIG.
1;

[0038] FIG. 3 is a partial radial cross-sectional view of the
tire of FIG. 1;

[0039] FIG. 4 is a side elevation view of a wheel com-
prising the tire of FIG. 1 mounted on a rim;

[0040] FIG. 5 is a partial radial cross-sectional view of the
wheel of FIG. 4;

[0041] FIG. 6 is a perspective view of non-pneumatic tire
according to a second embodiment;
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[0042] FIG. 7 is a side elevation view of the tire of FIG.
6; and
[0043] FIG. 8 is a partial radial cross-sectional view of the

tire of FIG. 6.

DETAILED DESCRIPTION OF THE
INVENTION

[0044] FIGS. 1 to 3 show a non-pneumatic tire 100
according to an embodiment. The non-pneumatic tire 100
comprises an outer ring structure 102 with a first support
ring 104a on the first lateral side 106a of the tire 100 and a
second support ring 1045 on the second lateral side 1065 of
the tire. The first and second support rings 104a, 1045
extend circumferentially around the tire axis, one at an axial
distance from the other. The outer ring structure 102 further
comprises a bridge structure extending in the transversal
direction of the tire 100 that connects the first support ring
1044 with the second support ring 1045. The present speci-
fication uses the expression “transversal direction” synony-
mous with “axial direction”. The bridge structure maintains
the first and second support rings 104a, 1045 in substantially
coaxial, parallel positions. In the embodiment of FIGS. 1 to
3, the bridge structure comprises a series of arc-shaped leaf
springs 108 spanning from the first support ring 1044 to the
second support ring 1045. The radially outer surface of the
leaf springs 108 forms a tread 112 extending circumferen-
tially around the tire axis.

[0045] The non-pneumatic tire 100 further comprises an
inner ring structure including a first base ring 110a on the
first lateral side 1064 and a second base ring 11056 on the
second lateral side 1065. The first and second base rings
110a, 1105 are connected to the outer ring structure by a
connecting structure comprising metal spokes 114. The
metal spokes 114 are divided in two sets:

[0046] a first set comprising the metal spokes that extend
from the first support ring 1044 to the second base ring 1105,
and

[0047] a second set comprising the metal spokes that
extend from the second support ring 1045 to the first base
ring 110a.

[0048] As can be seen in FIGS. 1 and 3, the spokes of the
first and second sets extend generally linearly and are
slanted with respect to the tire axis. The spokes are arranged
in a scissor configuration. The spokes of the first and second
sets cross each other in a plane perpendicular to the tire axis
located centrally between the support rings and the base
rings, respectively. Each spoke extends substantially along a
radial plane (i.e., a plane that contains the tire axis). In
circumferential direction around the tire axis, the spokes of
the first set alternate with the spokes of the second set.
[0049] The tire of FIGS. 1 to 3 may be may entirely from
metal, e.g., steel. It shall be noted that different metals or
different grades or alloys of the same metals may be used for
the different tire components. In embodiments, spring grade
steel may be the preferred material for the leaf springs, the
support rings, and the spokes (strengths from about 600 MPa
to more than 2000 MPa). The illustrated tire comprises 144
leaf springs, two support rings, 144 spokes and two base
rings. Off course, the number of leaf springs, the number of
spokes can vary. The number of leaf springs need not be
equal to the number of spokes. The components may be
welded or otherwise bonded together, e.g., fastened with
screws, rivets, etc.
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[0050] FIGS. 4 and 5 show the tire of FIGS. 1 to 3
mounted on a rim 118. The rim 118 comprises a circular
cylindrical rim lip 116 for supporting the inner ring structure
of the tire 100, in particular the first and second base rings
110a, 1105. The rim lip 116 has first and second series of
openings 120a, 1206 therein. The first series of openings
120aq is arranged circumferentially along the axial edge on
the first lateral side 106a. The second series of openings
12054 is arranged circumferentially along the axial edge on
the second lateral side 1065. The openings 120a are
arranged at a first distance from the axial edge on the first
lateral side 106a that corresponds approximately to the axial
thickness of the first base ring 110a. Likewise, the openings
12054 are arranged at a second distance from the axial edge
on the second lateral side 1065 that corresponds approxi-
mately to the axial thickness of the second base ring 1105.
The first and second distances may be equal, like in the
illustrated embodiment, or different.

[0051] The first and second base rings 110a, 1105 are fixed
on the rim lip 116 with braces 122. In the illustrated
embodiment, the braces 122 are essentially C-shaped. The
braces 122 are comprised of a web 124, an axially outward
clasp arm 126 and an axially inner clasp arm 128. The
axially outward clasp arm 126 is configured to engage the
axially outer edge of the rim lip 116. The length of the web
124 is a little greater than the first or the second distance,
respectively. The axially inner clasp arm 128 is configured
to protrude through the opening 120a or 1205 and to engage
with the first or the second base ring 110a or 1105, respec-
tively. The axially inner surfaces of the first and second base
rings 110a, 1105 and the axially outer surfaces of the axially
inner clasp arms 128 are shaped complementarily such that
the engagement between the axially inner clasp arms 128
and the first and second base rings 110a, 1105 is achieved by
positive locking. In the illustrated embodiment, the axially
inner clasp arm 128 comprises a stud-like protrusion on the
axially outward side while the first and second base rings
110a, 1105 have corresponding recesses on their axially
inner surfaces. However, other shapes may be used to
achieve the engagement between the axially inner clasp
arms 128 and the first and second base rings 110a, 1105 by
positive locking. Furthermore, alternative fixations of the
first and second base rings 110a, 1105 on the rim lip 116,
such as, e.g., bolting, riveting, clamping, etc. may be used.
[0052] Before the braces 122 can be put into place, the first
and second base rings 110a, 1105 need be moved axially
outward from a rest position (see FIG. 3) into a preloaded
position (see FIG. 5) closer to the edges of the rim lip 116.
Each brace 122 is then put into place by bringing it from the
radially inner side of the rim lip 116 into engagement with
the axially outer edge of the rim lip. The brace 122 is then
rotated so that the axially inner clasp arm 128 traverses the
opening 120a or 1205 and engages with the first or second
base ring 110a, 1105. The braces hold the first and second
base rings 110a, 1105 in their axially outward, preloaded
positions.

[0053] By pulling or pushing the first and second base
rings 110a, 1105 to the axially more outward positions, the
non-pneumatic tire 100 is preloaded as a whole: moving the
first and second base rings 110a, 1105 axially outward draws
the first and second support rings 104a, 1045 to axially and
radially more inward positions. The deformation of the tire
depends on several parameters, in particular the spring
stiffness of the leaf springs 108.
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[0054] FIGS. 6 to 8 show a non-pneumatic tire 200
according to a further embodiment. The non-pneumatic tire
200 comprises an outer ring structure 202 with a first support
ring 204a on the first lateral side 206a of the tire 200 and a
second support ring 2045 on the second lateral side 2065 of
the tire. The first and second support rings 204a, 2045
extend circumferentially around the tire axis, one at an axial
distance from the other. The outer ring structure 202 further
comprises a bridge structure in the form of a support band
extending in the transversal direction of the tire 200 that
connects the first support ring 204a with the second support
ring 2045. The support band maintains the first and second
support rings 204a, 2046 in substantially coaxial, parallel
positions.

[0055] The support band has a radially outer surface on
which the tread is formed as a tread band 212. The support
band includes transversal reinforcement 209 extending from
the first support ring 204a to the second support ring 2045.
The support band further includes one or more cushions 207
arranged between the transversal reinforcement 209 and the
tread band 212. The cushions 207 distribute forces locally
exerted on the tread 212 over a larger area and yield under
pressure so as to contribute to formation of a contact patch
between the tread 212 and the ground. The support band
further includes longitudinal reinforcement 205. The rein-
forcement may be made of steel cords and/or cords formed
from nylon fiber, polyester fiber, fiber glass, carbon fiber,
aramid fiber, glass fiber, polyethylene fiber, polyethylene
terephthalate fiber, or other reinforcement materials. Differ-
ent reinforcement materials could be combined. It is worth-
while noting that a “cord” may include one or plural strands.
[0056] The non-pneumatic tire 200 further comprises an
inner ring structure including a first base ring 210a on the
first lateral side 206a and a second base ring 2105 on the
second lateral side 2065. The first and second base rings
210a, 21056 are connected to the outer ring structure by a
connecting structure comprising metal spokes 214. The
metal spokes 214 are divided in two sets:

[0057] a first set comprising the metal spokes that extend
from the first support ring 2044 to the second base ring 2105,
and

[0058] a second set comprising the metal spokes that
extend from the second support ring 2045 to the first base
ring 210a.

[0059] The spokes 214 of the first and second sets are
slanted with respect to the tire axis. The spokes 214 are
arranged in a scissor configuration and cross each other in a
plane perpendicular to the tire axis located centrally between
the support rings 204a, 2045 and the base rings 210a, 2105,
respectively. In circumferential direction around the tire
axis, the spokes of the first set alternate with the spokes of
the second set.

[0060] The first and second base rings 210a, 2105 form the
axial edges of a rim lip 216. The spokes 214 are thus directly
attached to the rim lip 216. The rim lip 216 maintains the
first and second base rings 210a, 2105 at a distance from
each other, such that the spokes 214 are pretensioned (or not)
as desired.

[0061] Variations in the present invention are possible in
light of the description of it provided herein. While certain
representative embodiments and details have been shown for
the purpose of illustrating the subject invention, it will be
apparent to those skilled in this art that various changes and
modifications can be made therein without departing from
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the scope of the subject invention. It is, therefore, to be
understood that changes can be made in the particular
embodiments described which will be within the full
intended scope of the invention as defined by the following
appended claims.

What is claimed is:

1. A non-pneumatic tire having a tire axis, a first lateral
side and a second lateral side, the non-pneumatic tire com-
prising:

an outer ring structure with a tread extending circumfer-
entially around the tire axis, the outer ring structure
extending transversally from the first lateral side to the
second lateral side and comprising a first support ring
on the first lateral side and a second support ring on the
second lateral side;

an inner ring structure, the inner ring structure comprising
a first base ring on the first lateral side and a second
base ring on the second lateral side;

a connecting structure effective to transfer load from the
inner ring structure to the outer ring structure, the
connecting structure including:

a first set of metal spokes extending from the first
support ring to one of the first and second base rings;
and

a second set of metal spokes extending from the second
support ring to the other of the first and second base
rings,

wherein the spokes of the first and second sets are slanted
with respect to the tire axis.

2. The non-pneumatic tire as claimed in claim 1, wherein
the spokes of the first set extend from the first support ring
to the second base ring and wherein the spokes of the second
set extend from the second support ring to the first base ring.

3. The non-pneumatic tire as claimed in claim 2, wherein
the spokes of the first and second sets are arranged in a
scissor configuration.

4. The non-pneumatic tire as claimed in claim 1, wherein
the spokes of the first set alternate with the spokes of the
second set in circumferential direction around the tire axis.

5. The non-pneumatic tire as claimed in claim 1, wherein
the outer ring structure comprises leaf springs extending
from the first support ring to the second support ring, the leaf
springs arranged to maintain the first and second support
rings in substantially facing relationship.

6. The non-pneumatic tire as claimed in claim 5, wherein
the leaf springs have a radially outer side forming the tread.

7. The non-pneumatic tire as claimed in claim 1, wherein
the outer ring structure comprises a support band extending
from the first support ring to the second support ring, the
support band configured to maintain the first and second
support rings in substantially facing relationship.

8. The non-pneumatic tire as claimed in claim 7, wherein
the support band has a radially outer surface on which the
tread is formed as a tread band.

9. The non-pneumatic tire as claimed in claim 7, wherein
the support band comprises transversal reinforcement
extending from the first support ring to the second support
ring.

10. The non-pneumatic tire as claimed in claim 7, wherein
the support band includes therein one or more cushions.

11. The non-pneumatic tire as claimed in claim 7, wherein
the support band has a radially outer surface on which the
tread is formed as a tread band, wherein the support band
comprises transversal reinforcement extending from the first
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support ring to the second support ring, and wherein the
support band includes therein one or more cushions arranged
between the transversal reinforcement and the tread band.

12. The non-pneumatic tire as claimed in claim 1, com-
prising one or more braces for maintaining the first and
second base rings in facing relationship at a distance from
each other.

13. The non-pneumatic tire as claimed in claim 12,
wherein the one or more braces are effective to preload the
spokes.

14. The non-pneumatic tire as claimed in claim 1, wherein
the first and second support rings have a support ring
diameter, wherein the first and second base rings have a base
ring diameter, and wherein a ratio of the base ring diameter
to the support ring diameter amounts to between 0.2 and 0.9.

15. The non-pneumatic tire as claimed in claim 1, wherein
the first and second support rings have a support ring
diameter, wherein the first and second base rings have a base
ring diameter, and wherein a ratio of the base ring diameter
to the support ring diameter amounts to between 0.5 and
0.75.

16. A vehicle wheel, the wheel having a wheel axis, a first
lateral side and a second lateral side, the wheel comprising:

a rim arranged on the wheel axis;

an outer ring structure with a tread extending circumfer-

entially around the wheel axis, the outer ring structure
extending transversally from the first lateral side to the
second lateral side and comprising a first support ring
on the first lateral side and a second support ring on the
second lateral side;
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an inner ring structure, the inner ring structure comprising

a first base ring connected to the rim on the first lateral

side and a second base ring connected to the rim on the

second lateral side; a connecting structure effective to
transfer load from the inner ring structure to the outer
ring structure, the connecting structure including:

a first set of metal spokes extending from the first
support ring to one of the first and second base rings;
and

a second set of metal spokes extending from the second
support ring to the other of the first and second base
rings,

wherein the spokes of the first and second sets are slanted
with respect to the wheel axis.

17. The vehicle wheel as claimed in claim 16, wherein the
spokes of the first set extend from the first support ring to the
second base ring and wherein the spokes of the second set
extend from the second support ring to the first base ring.

18. The vehicle wheel as claimed in claim 17, wherein the
spokes of the first and second sets are arranged in a scissor
configuration.

19. The vehicle wheel as claimed in claim 16, wherein the
spokes of the first set alternate with the spokes of the second
set in circumferential direction around the tire axis.

20. The vehicle wheel as claimed in claim 16, wherein the
outer ring structure comprises leaf springs extending from
the first support ring to the second support ring, the leaf
springs arranged to maintain the first and second support
rings in substantially facing relationship.

* * * * *



