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(54) Title: ANNULAR RING AND NON-PNEUMATIC TIRE

Fig. 1

(57) Abstract: The present invention provides an annular
beam of monolithic construction of one homogeneous mater-
ial and a related efficient, low-cost non-pneumatic tire. Spe-
cific geometric design, combined with nonlinear elastomer
physical properties, enable the suppression of all reinforcing
belts, continuous fibers, or other strengthening layers in the
annular beam. The annular beam consists of at least two
bands that are continuous in the circumferential direction
and connected by a web geometry. The non-pneumatic tire
consists of the annular beam, a ground contacting portion, a
central wheel, and a plurality of web spokes that connect the
wheel and beam. When the tire is loaded to a design load
against a flat surface over a design contact length, a contact
area of essentially uniform pressure is produced, while the
load is transmitted from the beam to the hub via tension in
the web spokes. The tire can be economically manufactured.
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AMENDED CLAIMS
received by the International Bureau on 05 January 2015 (05.01.2015)

1. An annular beam of monolithic construction, comprising:

one homogeneous material having a Young’s modulus of at least 90 MPa;
at least a first circumferentially continuous band lying on a radially inward extent of a web structure
extending axially across the first circumferentially continuous band;
at least a second circumferentially continuous band lying on a radially outward extent of the web
structure; and

wherein a ratio of a transverse beam deflection due to shear to a transverse beam deflection due to
bending of the annular beam at a center of a design contact length is at least 1.2:1, when an outermost

radial extent of the annular beam is loaded against a substantially flat surface over the design contact

length.
2. The beam of claim 1, wherein no portion of the web structure is circumferentially continuous.
3. The beam of claim 1, wherein the one homogeneous material has a Young’s modulus of at

least 160 MPa.

4, The beam of claim 1, wherein the ratio of the transverse beam deflection due to shear to the
transverse beam deflection due to bending of the annular beam at the center of the design contact length
is at least 3:1, when the outermost radial extent of the annular beam is loaded against the substantially
flat surface over the design contact length.

5. The beam of claim 1, wherein the one homogeneous material is an elastomer having a

Young’s modulus which is at least four times the value of a secant modulus at 100% elongation.
6. A non-pneumatic tire comprising:

an annular beam of monolithic construction, comprising: one homogeneous material having a
Young’s modulus of at least 90 MPa; at least a first circumferentially continuous band lying on a radially
inward extent of a web structure extending axially across the first circumferentially continuous band; at

least a second circumferentially continuous band lying on a radially outward extent of the web structure;
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and wherein a ratio of a transverse beam deflection due to shear to a transverse beam deflection due to
bending of the annular beam at a center of a design contact length is at least 1.2:1, when an outermost
radial extent of the annular beam is loaded against a substantially flat surface over the design contact

length;
a central hub; and

a plurality of web spokes extending axially across and radially inward from the annular beam, and
connecting the annular beam to the central hub, said web spokes transferring a design load from the

annular beam to the hub by tensile forces and negligibly by compressive forces.

7. The tire of claim 6, wherein the web structure of the annular beam has no portion which is
circumferentially continuous.

8. The tire of claim 6, wherein each web spoke is a thin, sheet-like element following a
generally radial path, with a slight curvature in the equatorial plane to facilitate bending when under
compression in the radial direction.

9. The tire of claim 6, wherein each web spoke is oriented parallel to the axial direction.

10.  The tire of claim 6, wherein the annular beam, the central hub, and the plurality of web
spokes are composed of the one homogeneous material.

11. The tire of claim 6, wherein the one homogeneous material of the annular beam has a
Young’s modulus of at least 160 MPa.

12. The tire of claim 6, wherein the ratio of the transverse beam deflection due to shear to the
transverse beam deflection due to bending of the annular beam at the center of the design contact length
is at least 3:1, when the outermost radial extent of the annular beam is loaded against the substantially

flat surface over the design contact length.
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13.  The tire of claim 6, wherein the one homogeneous material of the annular beam is an
elastomer having a Young’s modulus which is at least four times a value of a secant modulus at 100%
elongation.

14.  The tire of claim 6, further comprising a ground contacting tread portion affixed to an
outward radial extent of the annular beam.

15.  Thetire of claim 14 wherein the ground contacting tread portion extends partially or
completely around axial extents of the annular beam.

16.  The tire of claim 14, wherein the annular beam, the central hub, the plurality of web spokes,
and ground contacting tread portion are composed of the one homogeneous material.

17. A method of manufacturing a non-pneumatic tire, the method comprising:
forming an annular beam of monolithic construction, wherein the annular beam comprises:

an annular beam of monolithic construction, comprising: one homogeneous material having a Young’s
modulus of at least 90 MPa; at least a first circumferentially continuous band lying on a radially inward
extent of a web structure that extends axially across the first circumferentially continuous band; at least a
second circumferentially continuous band lying on a radially outward extent of the web structure; and
wherein a ratio of a transverse beam deflection due to shear to a transverse beam deflection due to
bending of the annular beam at a center of a design contact length is at least 1.2:1, when an outermost
radial extent of the annular beam is loaded against a substantially flat surface over the design contact

length;
forming a central hub; and

forming a plurality of web spokes extending axially across and radially inward from the annular
beam, and connecting the annular beam to the central hub, said web spokes transferring a design load

from the annular beam to the hub by tensile forces and negligibly by compressive forces.
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18.  The method of claim 17, wherein forming the non-pneumatic tire is completed by any one of
high-pressure thermoplastic injection, reaction injection, cast molding, and spin-cast molding.
19.  The method of claim 17 further including forming a ground contacting tread portion affixed

to the outward radial extent of the annular beam.
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