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FIG. 12

(57) Abstract: A non-pneumatic tire is provided that has a shear band and a plurality of spokes (28) that extend in a radial direction
from the shear band. A hub (26) that has a receiving feature (16) is present, and a spoke end (14) of the spoke (28) is disposed in the
receiving feature (16). A key (18) is disposed in the receiving feature (16) and engages the spoke end 14) and holds the spoke end
(14) in the receiving feature (16).
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MECHANICAL CONNECTION FOR SPOKE TO HUB ATTACHMENT FOR A NON-
PNEUMATIC TIRE

FIELD OF THE INVENTION
[0001] The subject matter of the present invention relates to an attachment mechanism for
the production of non-pneumatic tires. More particularly, the present application involves a
mechanical connection that attaches spokes of a non-pneumatic tire to a hub of the non-

pneumatic tire.

BACKGROUND OF THE INVENTION
[0002] Non-pneumatic tires are those that do not require air. These tires instead feature a
hub that is mounted onto a wheel of a vehicle, and a series of spokes that extend radially outward
from the hub. The spokes can be attached to a shear band that includes tread of the tire. The
spokes can be arranged and manufactured in a number of ways, and any number of spokes can be
provided around the hub in the design of non-pneumatic tires.
[0003] One way of assembling a non-pneumatic tire involves placing components within
a fixture and stretching the spokes to the hub through the use of an actuated device that causes
the fixture to move to urge the spokes to the hub. Adhesive is applied to an inner surface of the
shear band, or to the outer radial ends of the spokes. The actuated device holds the spokes
against the hub for an amount of time required to cause connection through curing. This time
may be from 10-30 minutes and ties up the fixture for this amount of time, and presents other
challenges to the manufacturing process such as the application of the adhesive and the heating
and pressure required to effect the connection.
[0004] Another way of attaching the spokes to the hub is through the use of a mechanical
fastener, such as bolts and clamps, which can retain these components. The use of mechanical
fasteners is time consuming, difficult to automate, and adds mass to the non-pneumatic tire.
Further, the use of mechanical fasteners allows for fretting of the joint to occur which can
damage the joint and possibly even cause failure. Due to the various manufacturing challenges
associated with the production of non-pneumatic tires, a mechanism for addressing and
improving upon issues associated with their production would be beneficial. As such, there

remains room for variation and improvement within the art.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0005] A full and enabling disclosure of the present invention, including the best mode
thereof, directed to one of ordinary skill in the art, is set forth in the specification, which makes

reference to the appended figures, in which:

[0006] Fig. 1 is a side view of a non-pneumatic tire.

[0007] Fig. 2 is a perspective view of a hub.

[0008] Fig. 3 is a top view of a hub.

[0009] Fig. 4 is a perspective view of a key.

[0010] Fig. 5 is an end view of a key.

[0011] Fig. 6 is a side view of the key of Fig. 5.

[0012] Fig. 7 is an end view of the key of Fig. 5.

[0013] Fig. 8 is a perspective view of a section of the non-pneumatic tire during assembly

in a fixture.

[0014] Fig. 9 is a perspective view of a section of the non-pneumatic tire during assembly
in the fixture from a different angle in Fig. 8.

[0015] Fig. 10 is a side view of a section of the non-pneumatic tire in which the spoke
end is inserted into the receiving feature of the hub.

[0016] Fig. 11 is a side view of a section of the non-pneumatic tire in which a key is
inserted into the receiving feature to retain the spoke end to the hub.

[0017] Fig. 12 is a perspective view of a section of the non-pneumatic tire in which the
spoke is retained to the hub by a key.

[0018] The use of identical or similar reference numerals in different figures denotes

identical or similar features.

DETAILED DESCRIPTION OF THE INVENTION
[0019] Reference will now be made in detail to embodiments of the invention, one or
more examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, and not meant as a limitation of the invention. For example, features
illustrated or described as part of one embodiment can be used with another embodiment to yield
still a third embodiment. It is intended that the present invention include these and other
modifications and variations.
[0020] The present invention provides for a non-pneumatic tire 12 in which the
connection between the spokes 28 and the hub 26 is made through the use of a key 18. The hub

26 can have a receiving feature 16, which in some instances could be a slot, that receives the
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spoke end 14 of the spoke 28. The key 16 is used to attach the spoke end 14 to the hub 26. The
key 16 could be inserted into the receiving feature 16, and an interference fit may be developed
so that the spoke end 14 is retained within the receiving feature 16. This type of connection can
be used on all of the spoke ends 14 of the spokes 28 to attach them all to the hub 26 in a similar
fashion. The attachment of the spokes 28 to the hub 26 can be made so that no adhesive is
needed or used to effect this attachment. The resulting connection may lack mechanical fasteners
that would otherwise be subjected to fretting that could lead to degradation of the connection and
possible failure.

[0021] A non-pneumatic tire 12 is illustrated with reference to Fig. 1 that includes a hub
26 that has a central axis 30. The radial direction 20 extends from the axis 30. Tread 98 is
located on the outer exterior of a shear band 62 and extends all the way around the non-
pneumatic tire 12 in the circumferential direction 22. The shear band 62 is located inward in the
radial direction 20 from the tread 98 and likewise extends 360 degrees around the axis 30 in the
circumferential direction 22. A series of spokes 28 engage the shear band 62 and extend inward
in the radial direction 20 from the shear band 62 to the hub 26 of the non-pneumatic tire 12. Any
number of spokes 28 can be present, and their cross-sectional shape can be different from that
shown. In some embodiments, from 64-80 spokes 28 are present in the non-pneumatic tire 12.
The spokes 28 can be connected to the shear band 62 in a number of manners. For instance,
adhesive, mechanical fasteners, keys using interference fits, or any other mechanism can be used
to attach the spokes 28 to the shear band 62, and in some instances these components 28 and 62
could be integrally formed with one another. The hub 26 is located inward from the spokes 28 in
the radial direction 20 and can be mounted onto a wheel of the vehicle. The spokes 28 at the top
of the non-pneumatic tire 12 are in tension, and the spokes 28 at the bottom are in compression as
the non-pneumatic tire 12 rests on the ground 100 and as the non-pneumatic tire 12 turns in
normal operation of the vehicle.

[0022] The spokes 28 are attached to the hub 26 by keys 18. In this regard, the hub 26
has a series of receiving features 16 into which spoke ends 14 of the spokes 28 are disposed. A
key 18 is inserted into each one of the receiving features 16 and functions to lock the spoke end
14 into the receiving feature 16 to in turn attach the spoke 28 to the hub 26. The key 18 may
effect attachment without the use of adhesives, and the resulting connection can have no parts
that rub against one another to cause fretting as the key 18 is secured into the connection through
the use of an interference fit.

[0023] The spokes 28 have a body 50 that has a V-shape so that the spokes 28 have a V-
shape. Other shapes of the body 50 can be employed so that the spokes 28 have any other
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desired shape, and multiple features can be present in the body 50 to provide additional
functionality. The spokes 28 each have spoke ends 14 that are located at their radially inward
ends in the radial direction 20. The spoke ends 14 may be integrally formed with the bodies 50
of the spokes 28.

[0024] The hub 26 is shown in perspective view in Fig. 2 in which an outer surface 32 of
the hub 26 is the portion of the hub 26 farthest from the central axis 30 in the radial direction 20.
An oppositely disposed inner surface 34 is closer to the central axis 30 in the radial direction 20
and with the outer surface 32 extends completely around the central axis 30 in the circumferential
direction 22. A longitudinal direction 24 extends in the same direction as the central axis 30 and
is parallel to the central axis 30. The hub 26 has a first longitudinal end surface 36 and an
oppositely disposed second longitudinal end surface 38 that are spaced from one another in the
longitudinal direction 24. The outer surface 32 extends completely from the first longitudinal
end surface 36 to the second longitudinal end surface 38 in the longitudinal direction 24. The
receiving features 16 are voids that extend form the outer surface 32 to an interior portion of the
hub 26 but do not extend all the way to the inner surface 34. All of the receiving features 16 can
be arranged in a manner similar to one another, and all may extend the same amount in the radial
direction 20 inward from the outer surface 32 to the interior of the hub 26.

[0025] Fig. 3 is a top view of a hub 26 that is similar to that of Fig. 2, but features a
smaller number of receiving features 16. However, the receiving features 16 are similar in
design and again extend completely from the first longitudinal end surface 36 to the second
longitudinal end surface 38 in the longitudinal direction 24, although that may not be the case in
other arrangements as the receiving features 16 could only extend part of the way between
surfaces 36 and 38. The receiving features 16 are slots that extend in the longitudinal direction
24 and are parallel to one another. The receiving features 16 can all be spaced the same distance
from one another in the circumferential direction 22 about the outer surface 32, or they may be at
different distances to one another in the circumferential direction 22. The receiving features 16
may all be open at the outer surface 32, at the first longitudinal end surface 36, and at the second
longitudinal end surface 38.

[0026] The key 18 that is used in the attachment is shown in one exemplary embodiment
in Fig. 4. The key 18 can have any cross-sectional shape, and as shown has a cross-sectional
shape that has four side walls in which the top and bottom side walls are parallel, and in which
the left and right side walls are angled toward one another. The side walls have rounds at their
intersections. The key 18 extends in a longitudinal direction and maintains the same cross-

sectional shape throughout its entire longitudinal length. Other designs of the key 18 are
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possible, and Figs. 5-7 show one such variation. Here, the key 18 has a rectangular cross-
sectional shape. In other versions, the cross-sectional shape of the key 18 could be square,
triangular, circular, star shaped, oval, or any other shape. The key 18 may have a chamfered end
48 that is used to more easily insert the key 18 into the receiving feature 16 to effect connection.
Only one end of the key 18 can be chamfered, or in other embodiments both of the ends could be
chamfered. The chamfered end 48 may feature rounded corners that extend from the sides of the
key 18 to the terminal end of the key that is flat.

[0027] In order to insert the spoke ends 14 into the receiving features 16, a fixture 10 as
shown in Figs. 8 and 9 may be employed. The fixture 10 features a plurality of ramped elements
68 that extend in the circumferential direction 22 so that each spoke 28 is associated with one of
the ramped elements 68. The hub 26 is positioned in the fixture 10, and the attached shear band
62 and spokes 28 are moved in the longitudinal direction 24 between the ramped elements 68,
and as the spokes 28 engage the ramped elements 68 they are stretched inward in the radial
direction 20 towards the central axis 18. The fixture 10 may also feature a plurality of guards 66
about the circumferential direction 22 so that each guard 66 is associated with one of the spokes
28. As the spokes 28 stretch and deform upon pressing contact with the ramped elements 68, the
spoke ends 14 may likewise be displaced. The deflected, displaced spoke ends 14 are caught by
the guards 66 and are prevented from being further deflected. As the spokes 28 continue to be
pushed in the longitudinal direction 24, the spoke ends 14 are guided by the guards 66 into the
receiving features 16. The spoke ends 14 enter into the receiving feature 16 through the opening
in the first longitudinal end surface 36 and then slide through the entire receiving feature 16. The
positioning of the spoke end 14 with respect to the hub 26 at the attachment location may be such
that precision in the circumferential direction 22 and the longitudinal direction 24 is within plus
or minus 0.2 millimeters to allow for good uniformity of the assembly. The attachment process
compensates for variations in spoke 28 geometry. The fixture 10 illustrated in Figs. 8 and 9
stretches the spokes 28 and inserts them into the receiving features 16 of the hub 26 so that the
spokes 28 are placed into pre-tension. The resulting non-pneumatic tire 12 that is constructed
may thus be a tire 12 that features spokes 28 in pre-tension. However, this need not always be
the case. In some exemplary embodiments, the ramped elements 68 are not present and the
spoke ends 14 are simply slid into the receiving features 16 without any pre-tension being placed
into the spokes 28. Although shown as employing a fixture 10 for inserting the spoke ends 28
into the receiving features 16, any type of device may be used to assemble these components of

the non-pneumatic tire 12.
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[0028] Fig. 10 shows one arrangement of the spoke end 14 that can be employed in the
non-pneumatic tire 12. The spoke end 14 extends from the body 50 radially inward in the radial
direction 20 and has a convex surface 52 and a concave surface 54 disposed from the convex
surface 52 in the circumferential direction 22. A side wall 42 engages and extends from the
convex surface 52, and a side wall 44 engages and extends from the concave surface 54.
Additional surfaces could be between side wall 42 and convex surface 52 in other embodiments,
and additional surfaces could be between side wall 44 and concave surface 54 in yet other
arrangements. The side walls 42 and 44 are not parallel to one another but are angled to one
another. The side walls 42, 44 can each be flat surfaces. The side walls 42 and 44 extend away
from one another outward in the radial direction 20. The side walls 42, 44 terminate at a terminal
end face 40 of the spoke end 14. The terminal end face 40 is the portion of the spoke 28 that is
closest to the central axis 30 in the radial direction 20. The terminal end face 40 is shown as
being a flat surface in the illustrated embodiment.

[0029] The spoke end 14 is inserted into the receiving feature 16 so that a portion of the
spoke end 14 is within the receiving feature 16, and so that a portion of the spoke end 14 is not
within the receiving feature 16. The receiving feature 16 has a cross-sectional shape that is
similarly shaped to the spoke end 14 at the side walls 42, 44 and terminal end face 40. The
receiving feature 16 is defined by a pair of side walls 56 and 58 that extend inward in the radial
direction from the outer surface 32. The side walls 56, 58 diverge away from one another so that
they are oriented at an angle to one another, and are not parallel to one another, and extend
inward in the radial direction 20 so that they are farther form one another in their direction of
extension inward in the radial direction 20. The bottom of the receiving feature 16 is flat, and the
spoke end 14 upon insertion can be spaced a distance from the bottom of the receiving feature 16.
[0030] After the spoke end 14 is inserted into the receiving feature 16, the key 18 can be
inserted into the receiving feature 16 to retain the spoke end 14 into the receiving feature 16 and
thus cause the spoke 28 to be retained to the hub 26. If the key 18 has a chamfered end 48, the
chamfered end 48 can be oriented so as to enter the receiving feature 16 first in order to facilitate
entry of the key 18 into the receiving feature 16. The cross-sectional shape of the key 18 may
resemble the cross-sectional shape of the void present in the receiving feature 16 after the spoke
end 14 has been inserted into the receiving feature 16. In this regard, the cross-sectional shape of
the key 18 may include a flat bottom, a flat top, and side walls that converge towards one another
as they extend outward in the radial direction 20. The key 18 is sized, and in particular the cross-
sectional shape of the key 18 is sized, so that it creates an interference fit upon insertion into the

receiving feature 16 with the spoke end 14. Upon creation of this interference fit, the key 18
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prevents the spoke end 28 from moving relative to the receiving feature 16, and the spoke end 28
is rigidly held within the receiving feature 16.

[0031] The key 18 is press fit into the connection so that the spoke end 28 is pushed
slightly and urged outward in the radial direction 20. This outward urging in the radial direction
2() causes the side walls 42, 44 to engage the side walls 56, 58, and due to the length between the
side walls 42, 44 in the circumferential direction 22 the spoke end 14 will not be able to be
extracted from the receiving feature 16 in the radial direction 20. Fig. 11 shows the spoke end 14
pushed outward in the radial direction 20 from the position shown in Fig. 10. The side walls 42,
44 are urged against the side walls 56, 58 and the spoke end is locked into place within the
receiving feature 16 and cannot move relative to the receiving feature 16 and the hub 26. Some
of the side walls 42, 44 are located outside of the receiving feature 16 and thus do not engage the
hub 26, but in other arrangements it is the case that all of the side walls 42, 44 engage the hub 26
and are located within the receiving feature 16.

[0032] The key 18 may completely fill the void of the receiving feature 16 such that the
entire receiving feature 16 is filled up by the key 18 and some of the spoke end 14. In other
embodiments, this may not be the case and instead one or more voids of the receiving feature 16
are still present even after the key 18 has been inserted and the spoke end 14 is locked to the hub
26. The key 18 can create an interference fit at location 46 that is the point of engagement
between the key 18 and the terminal end face 40. Other faces of the key 18 may not have an
interference fit, such as faces on the left and right circumferential sides. The interference fitis a
tight engagement between parts in which one or both of them are compressed somewhat to create
a high frictional engagement that cannot be disengaged without an extreme amount of force. The
insertion of the key 18 may take place in the fixture 10 shown in Figs. 8 and 9 when the spoke
end 14 is inserted into the receiving feature 16, or the insertion of the key 18 may take place after
the non-pneumatic tire 12 has the spoke ends 14 inserted and the non-pneumatic tire 12 is
removed from the fixture 10 and moved to a different location. Once the keys 18 are inserted,
they are fixed and cannot be removed absent the application of high forces that are intentionally
and specifically applied. This form of attachment allows the hub 26 to be removed from the
spokes 28 at a later time if desired for replacement of one or more of these components or for any
other desired reason. The connection of the spoke ends 14 to the hub 26 through interference fits
with the key 18 can be achieved without the use of adhesive.

[0033] Another embodiment of the connection interface is illustrated with reference to
Fig. 12 in which the key 18 is again inserted into the receiving feature 16, and the spoke end 14 is

again present within the receiving feature 16 and held therein by the key 18. The key 18 and
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terminal end face 40 are engaged with one another via an interference fit at location 46. The
inward most end of the key 18 in the radial direction 20 engages the hub 26 and may or may not
form an interference fit at this location. Some voids are present between the key 18 and the side
walls 56, 58 of the receiving feature 16 in the circumferential direction 22 and are located inward
from the spoke end 14 in the radial direction 20. As such, the key 18 does not completely fill the
void of the receiving feature 16. The key 18, hub 26, and spoke 28 may thus be separate pieces
from one another that are first formed, and then subsequently attached to one another so that they
are not integrally formed with one another. The interference fit formed that attaches the spoke
end 14 to the hub 26 may eliminate the problem of fretting that would otherwise occur with a
bracketed or bolted connection. The key 18 may be driven into place between the spoke end 14
and the hub 26 by the use of a hydraulic or pneumatic mechanism. The spoke end 14 may be
held with sufficient preload to prevent it from moving within the joint, and the interference fit
keeps the spoke end 14 from moving within the joint.

[0034] The key 18 may thus be located between the terminal end face 40 and the hub 26
so that the key 18 is located completely inward from the terminal end face 40 in the radial
direction 20. The key 18 can be variously shaped and sized, and it is to be understood that the
shapes and sizes shown are only exemplary. Further, although disclosed as being located
completely within the receiving feature 16, in some embodiments, the key 18 or a portion of the
key 18 may extend outward in the radial direction 20 so that it is outside of the receiving feature
16 and outward from the hub 26 in the radial direction 20. All of the keys 18 of the non-
pneumatic tire 12 may be simultaneously driven into the plurality of receiving features 16, or
they may be driven in one at a time, or any block or combination could be driven in various
embodiments.

[0035] While the present subject matter has been described in detail with respect to
specific embodiments and methods thereof, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing may readily produce alterations to, variations
of, and equivalents to such embodiments. Accordingly, the scope of the present disclosure is by
way of example rather than by way of limitation, and the subject disclosure does not preclude
inclusion of such modifications, variations and/or additions to the present subject matter as would

be readily apparent to one of ordinary skill in the art.
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WHAT IS CLAIMED IS:

1. A non-pneumatic tire, comprising:

a shear band;

a plurality of spokes that extend in a radial direction from the shear band, wherein one of
the spokes has a spoke end;

a hub that has a receiving feature, wherein the spoke end is disposed in the receiving
feature, wherein the hub has a central axis; and

a key that is disposed in the receiving feature that engages the spoke end, wherein the key

holds the spoke end in the receiving feature.

2. The non-pneumatic tire as set forth in claim 1, wherein the spoke end is held in the

receiving feature without adhesion.

3. The non-pneumatic tire as set forth in claim 1 or 2, wherein the hub has an outer surface,
and wherein the receiving feature extends radially inward from the outer surface to an interior of

the hub, wherein the receiving feature does not extend to an inner surface of the hub.

4. The non-pneumatic tire as set forth in any one of claims 1-3, wherein the hub has a
longitudinal end surface, and wherein the receiving feature extends in a longitudinal direction

from the longitudinal end surface to the interior of the hub.

5. The non-pneumatic tire as set forth in any one of claims 1-4, wherein the spoke end has a
terminal end face, and wherein the terminal end face is disposed in the receiving feature, and
wherein a portion of the spoke end is disposed in the receiving feature but not all of the spoke

end is disposed in the receiving feature.

6. The non-pneumatic tire as set forth in any one of claims 1-5, wherein the receiving
feature is defined by side walls that are straight and extend in the radial direction, longitudinal
direction, and circumferential direction;

wherein the receiving feature increases in size inward in the radial direction;

wherein the spoke end has side walls that are straight and extend in the radial direction,
longitudinal direction, and circumferential direction; and

wherein the spoke end increases in size inward in the radial direction.
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7. The non-pneumatic tire as set forth in any one of claims 1-6, wherein the entire key is

located closer to the central axis than the spoke end in the radial direction.

8. The non-pneumatic tire as set forth in any one of claims 1-7, wherein the shear band, the
plurality of spokes, the hub, and the key are all separate components from one another and are

not integrally formed with one another.

9. The non-pneumatic tire as set forth in any one of claims 1-8, wherein the receiving
feature is a void that is completely filled by the spoke end and the key such that there is no empty

space remaining within the receiving feature.

10. The non-pneumatic tire as set forth in any one of claims 1-9, wherein the key attaches the

spoke end to the hub by an interference fit.

11. The non-pneumatic tire as set forth in any one of claims 1-10, wherein an interference fit

is present between the key and the terminal end face of the spoke end.

12. The non-pneumatic tire as set forth in any one of claims 1-11, wherein the key has a
chamfered end, wherein the chamfered end of the key is oriented to face in a longitudinal

direction and is not oriented to face the central axis.

13. The non-pneumatic tire as set forth in any one of claims 1-12, wherein the spoke has a
body, and wherein the spoke end has a convex surface and a concave surface, wherein the spoke
body has a V-shape;

and wherein the receiving feature is a slot that extends from the longitudinal end surface
of the hub, that is a first longitudinal end surface, to an oppositely disposed second longitudinal
end surface of the hub such that the receiving feature is open on both the first and second
longitudinal ends of the hub, wherein the receiving feature is open on the outer surface of the
hub, wherein the outer surface of the hub extends from the first longitudinal end surface to the

second longitudinal end surface.

14. The non-pneumatic tire as set forth in any one of the preceding claims, wherein all of the

spokes of the plurality of spokes have spokes ends, wherein the hub has a plurality of the
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receiving features, and wherein a plurality of the keys are present, wherein all of the spokes are
disposed into the receiving features, and wherein the keys are disposed into the receiving features

and retain the spoke ends into the receiving features.
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