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Description

[Technical Field]

[0001] The present invention relates to a non-pneu-
matic tire that can be used without being filled with pres-
surized air.

[Background Art]

[0002] In a pneumatic tire of the related art that is filled
with pressurized air and used, the occurrence of a blow-
out is a structurally unavoidable problem.
[0003] In order to solve this problem, in recent years,
for example, as disclosed in the following Patent Docu-
ment 1, a non-pneumatic tire including an attachment
body attached to an axle, an outer tubular body config-
ured to surround the attachment body from the outside
in a tire radial direction, and a connecting member con-
figured to connect together the attachment body and the
outer tubular body while allowing displacement therebe-
tween has been proposed.

[Document of Related Art]

[Patent Document]

[Patent Document 1]

[0004] Japanese Unexamined Patent Application,
First Publication No. 2011-156905, which discloses a
non-pneumatic tire according to the preamble of Claim 1.

[Summary of Invention]

[Technical Problem]

[0005] However, in the non-pneumatic tire of the relat-
ed art, reduction in weight should be improved more while
limiting a decrease in strength of the connecting member.
[0006] In consideration of the above-mentioned cir-
cumstances, the present invention is directed to provide
a non-pneumatic tire capable of reducing weight while
limiting a decrease in strength of a connecting member.

[Solution to Problem]

[0007] A non-pneumatic tire of the present invention
includes an attachment body attachable to an axle; an
outer tubular body configured to surround the attachment
body from the outside in a tire radial direction; and a con-
necting member configured to connect together the at-
tachment body and the outer tubular body while allowing
displacement therebetween, the connecting member in-
cluding an elastic connecting plate having both end por-
tions connected to the attachment body and the outer
tubular body, wherein a plurality of curved sections
curved in a tire circumferential direction are formed at

the elastic connecting plate in an extension direction in
which the elastic connecting plate extends, and in a tire
side view when the non-pneumatic tire is seen in a tire
width direction, curved directions of the curved sections
neighboring in the extension direction are opposite to
each other, characterised in that: in the elastic connecting
plate, an inflection section disposed between the curved
sections neighboring in the extension direction has a
smaller cross-sectional area than that of another portion;
or in the elastic connecting plate, a cross-sectional area
of the inflection section disposed between the curved
sections neighboring in the extension direction is smaller
than a cross-sectional area of the other portion except
for the inflection section.
[0008] According to the present invention, since the
curved directions of the curved sections neighboring in
the extension direction are opposite to each other, when
the compressive load in the tire radial direction is applied
to the non-pneumatic tire, because the inflection section
is not easily deformed but is displaced, and a load applied
to the inflection section is suppressed more in the elastic
connecting plate than in the other portion.
[0009] Additionally, a cross-sectional area of the inflec-
tion section is smaller than a cross-sectional area of the
other portion except for the inflection section in the elastic
connecting plate, and a reduction in weight can be
achieved while preventing a decrease in the strength of
the connecting member.
[0010] Here, a cross-sectional area of the elastic con-
necting plate may be gradually decreased toward the in-
flection section in the extension direction.
[0011] In this case, a reduction in weight can be effec-
tively achieved while limiting the occurrence of stress
concentration in the elastic connecting plate.
[0012] In addition, at least one of the length in the tire
width direction and the length in the tire circumferential
direction in the inflection section of the elastic connecting
plate may be smaller than that of another portion.
[0013] In this case, a non-pneumatic tire that exhibits
the above-mentioned effects can be reliably obtained.

[Effects of Invention]

[0014] According to the present invention, reduction in
weight can be achieved while limiting a decrease in the
strength of a connecting member.

[Brief Description of Drawings]

[0015]

Fig. 1 is an exploded schematic perspective view of
a portion of a non-pneumatic tire in an embodiment
according to the present invention.
Fig. 2 is a side view of the non-pneumatic tire shown
in Fig. 1 when seen from a first side in a tire width
direction.
Fig. 3 is a side view of a first split case body when
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seen from the first side in the tire width direction or
a side view of a second split case body when seen
from the second side in the tire width direction, in the
non-pneumatic tire shown in Fig. 1.
Fig. 4 is an enlarged view showing a major part of
Fig. 2.
Fig. 5 is an enlarged view showing portions of the
first and second split case bodies of Fig. 3.
Fig. 6 is a plan view of a portion of the first split case
body of Fig. 5 when seen from the second side in a
tire circumferential direction, or a plan view of a por-
tion of the second split case body of Fig. 5 when
seen from first side in the tire circumferential direc-
tion.

[Description of Embodiment]

[0016] Hereinafter, an embodiment of a non-pneumat-
ic tire according to the present invention will be described
with reference to Figs. 1 to 6.
[0017] A non-pneumatic tire 1 includes an attachment
body 11 attached to an axle (not shown), a ring member
14 including an inner tubular body 12 fitted onto the at-
tachment body 11 and an outer tubular body 13 config-
ured to surround the inner tubular body 12 from the out-
side in a tire radial direction, a plurality of connecting
members 15 disposed between the inner tubular body
12 and the outer tubular body 13 in a tire circumferential
direction and connecting the tubular bodies 12 and 13 to
each other while allowing relative elastic displacement
therebetween, and a tread member 16 disposed at an
outer circumferential surface side of the outer tubular
body 13 throughout the circumference.
[0018] Here, the attachment body 11, the inner tubular
body 12, the outer tubular body 13 and the tread member
16 are disposed coaxially with a common axis. The com-
mon axis is referred to as an axis O, a direction along
the axis O is referred to as a tire width direction H, a
direction perpendicular to the axis O is referred to as a
tire radial direction, and a direction around the axis O is
referred to as a tire circumferential direction. Further, the
attachment body 11, the inner tubular body 12, the outer
tubular body 13 and the tread member 16 are disposed
such that central portions thereof in the tire width direction
H coincide with each other.
[0019] In the ring member 14, the length in the tire width
direction H, i.e., the width, of the outer tubular body 13
is larger than that of the inner tubular body 12. In addition,
a plurality of protrusion sections 12a protruding inward
in the tire radial direction and extending throughout the
length in the tire width direction H are formed at an inner
circumferential surface of the inner tubular body 12 at
intervals in the tire circumferential direction.
[0020] As shown in Figs. 1 and 2, the attachment body
11 includes a mounting tubular section 17 on which a
front end portion of the axle is mounted, an outer ring
section 18 configured to surround the mounting tubular
section 17 from the outside in the tire radial direction, and

a plurality of ribs 19 configured to connect together the
mounting tubular section 17 and the outer ring section 18.
[0021] The mounting tubular section 17, the outer ring
section 18 and the ribs 19 are integrally formed of a metal
material such as an aluminum alloy or the like. The
mounting tubular section 17 and the outer ring section
18 are cylindrically formed and disposed coaxially with
the axis O. The plurality of ribs 19 are disposed at equal
intervals in a circumferential direction.
[0022] A plurality of key groove sections 18a recessed
inward in the tire radial direction and extending in the tire
width direction H are formed at an outer circumferential
surface of the outer ring section 18 at intervals in the tire
circumferential direction. In the outer circumferential sur-
face of the outer ring section 18, each of the key groove
sections 18a is opened at only one end out of both ends
in the tire width direction H and closed at the other end.
The protrusion sections 12a of the inner tubular body 12
in the ring member 14 are fitted into the key groove sec-
tions 18a.
[0023] Further, among wall surfaces that define the key
groove sections 18a, pairs of side wall surfaces opposite
to each other in the tire circumferential direction are per-
pendicular to bottom wall surfaces. In addition, among
outer surfaces of the protrusion sections 12a, pairs of
side wall surfaces standing up from the inner circumfer-
ential surface of the inner tubular body 12 are perpen-
dicular to top wall surfaces directed inward in the tire
radial direction. The lengths in the tire circumferential di-
rection of the protrusion sections 12a and the key groove
sections 18a are equal to each other.
[0024] Here, concave sections 18b recessed toward
the second side of the tire width direction H and into which
plate members 28 are fitted are formed at positions of
edges of first side in the tire width direction H in the outer
ring section 18 corresponding to the key groove sections
18a. Through-holes are formed in the plate members 28,
and among wall surfaces that define the concave sec-
tions 18b, female screw sections in communication with
the through-holes of the plate members 28 fitted into the
concave sections 18b are formed in the wall surfaces
directed toward first side in the tire width direction H. Fur-
ther, the plurality of female screw sections and through-
holes are formed at intervals in the tire circumferential
direction.
[0025] Then, the ring member 14 is fixed to the attach-
ment body 11 by screwing bolts into the female screw
sections through the through-holes of the plate members
28 fitted into the concave sections 18b in a state in which
the inner tubular body 12 is fitted onto the attachment
body 11 and the protrusion sections 12a are fitted into
the key groove sections 18a. In this state, the protrusion
sections 12a are sandwiched between the plate mem-
bers 28 and the other end wall surfaces disposed at the
other end in the tire width direction H and directed toward
the first side, among the wall surfaces that define the key
groove sections 18a, in the tire width direction H.
[0026] Further, a plurality of hole arrays 18c, in each
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of which a plurality of weight-reduction holes passing in
the tire radial direction are disposed at intervals in the
tire width direction H, are formed in the tire circumferential
direction at intervals at portions of the outer ring section
18 disposed between the key groove sections 18a neigh-
boring in the tire circumferential direction. In addition,
weight-reduction holes 19a passing in the tire width di-
rection H are also formed in the ribs 19.
[0027] The tread member 16 is formed in a cylindrical
shape, and integrally coated on the outer circumferential
surface of the outer tubular body 13 of the ring member
14 throughout the region. The tread member 16 is formed
of, for example, vulcanized rubber in which natural rubber
or/and a rubber composition are vulcanized, a thermo-
plastic material, or the like. For example, a thermoplastic
elastomer, a thermoplastic resin, or the like, is an exem-
plary example of the thermoplastic material. For exam-
ple, an amide-based thermoplastic elastomer (TPA), an
ester-based thermoplastic elastomer (TPC), an olefin-
based thermoplastic elastomer (TPO), a styrene-based
thermoplastic elastomer (TPS), a urethane-based ther-
moplastic elastomer (TPU), a thermoplastic rubber
crosslinked body (TPV), another thermoplastic elas-
tomer (TPZ), or the like, as defined in Japanese Industrial
Standard JIS K6418, is an exemplary example of the
thermoplastic elastomer. For example, a urethane resin,
an olefin resin, polyvinyl chloride, a polyamide resin, or
the like, are exemplary examples of the thermoplastic
resin. Further, in view of abrasion resistance, the tread
member 16 may be formed of vulcanized rubber.
[0028] The connecting members 15 connect the at-
tachment body 11 and the outer tubular body 13 while
allowing relative elastic displacement therebetween. The
connecting members 15 are connected to the attachment
body 11 via the inner tubular body 12. The connecting
members 15 include first elastic connecting plates 21 and
second elastic connecting plates 22 that are configured
to connect the inner tubular body 12 and the outer tubular
body 13 of the ring member 14 to each other.
[0029] The plurality of (in the example shown, 60) con-
necting members 15 are formed in the tire circumferential
direction such that the plurality of first elastic connecting
plates 21 are disposed in the tire circumferential direction
at predetermined positions in the tire width direction H
and the plurality of second elastic connecting plates 22
are disposed in the tire circumferential direction at other
positions in the tire width direction H different from the
predetermined positions in the tire width direction H.
[0030] That is, the plurality of first elastic connecting
plates 21 are disposed in the tire circumferential direction
at the same positions in the tire width direction H, and
the plurality of second elastic connecting plates 22 are
disposed in the tire circumferential direction at the same
predetermined positions in the tire width direction H
spaced apart from the first elastic connecting plate 21 in
the tire width direction H.
[0031] Further, the plurality of connecting members 15
are disposed between the inner tubular body 12 and the

outer tubular body 13 of the ring member 14 at positions
that are axially symmetrical with respect to the axis O. In
addition, all of the connecting members 15 have the same
shape and the same size. Further, a width of the con-
necting member 15 is smaller than that of the outer tu-
bular body 13.
[0032] Additionally, the first elastic connecting plates
21 neighboring in the tire circumferential direction do not
come in contact with each other, and the second elastic
connecting plates 22 neighboring in the tire circumferen-
tial direction do not come in contact with each other either.
Further, the first elastic connecting plates 21 and the sec-
ond elastic connecting plates 22 neighboring them in the
tire width direction H do not come in contact with each
other either.
[0033] Further, widths of the first elastic connecting
plates 21 and the second elastic connecting plates 22
are equal to each other. In addition, thicknesses of the
first elastic connecting plates 21 and the second elastic
connecting plates 22 are also equal to each other.
[0034] Here, first end portions 21a of the first elastic
connecting plates 21 connected to the outer tubular body
13 are disposed closer to first side in the tire circumfer-
ential direction than the second end portions 21b con-
nected to the inner tubular body 12, and first end portions
22a of the second elastic connecting plates 22 connected
to the outer tubular body 13 are disposed closer to the
second side in the tire circumferential direction than the
second end portions 22b connected to the inner tubular
body 12.
[0035] In addition, the first end portions 21a and 22a
of the first elastic connecting plate 21 and the second
elastic connecting plate 22 in each of the connecting
members 15 are disposed at different positions in the tire
width direction H and connected to the same positions
in the tire circumferential direction on the inner circum-
ferential surface of the outer tubular body 13.
[0036] In each of the first elastic connecting plates 21
and the second elastic connecting plates 22, a plurality
of curved sections 21d to 21f and 22d to 22f curved in
the tire circumferential direction are formed at interme-
diate portions 21c and 22c disposed between the first
end portions 21a and 22a and the second end portions
21b and 22b in an extension direction in which the elastic
connecting plates 21 and 22 extend, in a tire side view
when the tire 1 is seen from the tire width direction H.
Further, the curved sections 21d to 21f and 22d to 22f
are portions of the first and second elastic connecting
plates 21 and 22 having curvatures, respectively, when
seen in the tire side view.
[0037] In both types of the elastic connecting plates 21
and 22, among the plurality of curved sections 21d to 21f
and 22d to 22f, curved directions of the curved sections
21d to 21f and 22d to 22f neighboring in the extension
direction are directed in opposite directions.
[0038] The plurality of curved sections 21d to 21f
formed at the first elastic connecting plates 21 have first
curved sections 21d curved to protrude toward the sec-
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ond side in the tire circumferential direction, second
curved sections 21e disposed between the first curved
sections 21d and the first end portions 21a and curved
to protrude toward first side in the tire circumferential di-
rection, and third curved sections 21f disposed between
the first curved sections 21d and the second end portions
21b and curved to protrude toward the first side in the
tire circumferential direction.
[0039] The plurality of curved sections 22d to 22f
formed in the second elastic connecting plates 22 have
first curved sections 22d curved to protrude toward the
first side in the tire circumferential direction, second
curved sections 22e disposed between the first curved
sections 22d and the first end portions 22a and curved
to protrude toward the second side in the tire circumfer-
ential direction, and third curved sections 22f disposed
between the first curved sections 22d and the second
end portions 22b and curved to protrude toward the sec-
ond side in the tire circumferential direction.
[0040] In the example shown, the first curved sections
21d and 22d have larger radii of curvature in the tire side
view than the second curved sections 21e and 22e and
the third curved sections 21f and 22f. Further, the first
curved sections 21d and 22d are disposed at central por-
tions in the extension direction of the first elastic connect-
ing plates 21 and the second elastic connecting plates 22.
[0041] Further, lengths of both types of the elastic con-
necting plates 21 and 22 are equal to each other, and as
shown in Fig. 4, the second end portions 21b and 22b of
both types of the elastic connecting plates 21 and 22 are
connected to the first side and the second side on the
outer circumferential surface of the inner tubular body 12
in the tire circumferential direction around the axis O from
the positions opposite to the first end portions 21a and
22a in the tire radial direction at positions spaced the
same angle (for example, 20° to 135°) from each other
when seen in the tire side view. In addition, the first curved
sections 21d and 22d, the second curved sections 21e
and 22e, and the third curved sections 21f and 22f of the
first elastic connecting plates 21 and the second elastic
connecting plates 22 are directed to protrude in opposite
directions in the tire circumferential direction and have
the same size.
[0042] Accordingly, as shown in Fig. 4, a shape in the
tire side view of each of the connecting members 15 is
linearly symmetrical with respect to an imaginary line L
extending in the tire radial direction and passing through
the first end portions 21a and 22a of both types of the
elastic connecting plates 21 and 22.
[0043] Additionally, in the embodiment, in both types
of the elastic connecting plates 21 and 22, an area of a
cross section of inflection sections 21g, 21h, 22g and 22h
disposed between the curved sections 21d to 21f and
22d to 22f neighboring in the extension direction which
is perpendicular to the extension direction, i.e., a cross-
sectional area, is smaller than that of the other portions.
Further, the inflection sections 21g, 21h, 22g and 22h of
both types of the elastic connecting plates 21 and 22 are

boundary regions of the curved sections 21d to 21f and
22d to 22f neighboring in the extension direction, and are
regions in which curved directions of the curved sections
21d to 21f and 22d to 22f neighboring each other are
switched when seen in the tire side view.
[0044] In each of the elastic connecting plates 21 and
22, among the plurality of curved sections 21d to 21f and
22d to 22f, curved directions of the curved sections 21d
to 21f and 22d to 22f neighboring each other in the ex-
tension direction are directed opposite to each other.
[0045] In the example shown, cross-sectional areas of
both types of the elastic connecting plates 21 and 22 are
gradually reduced toward the inflection sections 21g,
21h, 22g and 22h in the extension direction.
[0046] In addition, in both types of the elastic connect-
ing plates 21 and 22, the lengths of the inflection sections
21g, 21h, 22g and 22h in both the tire width direction H
and the tire circumferential direction are smaller than
those of other portions.
[0047] As shown in Fig. 6, in both types of the elastic
connecting plates 21 and 22, both of edges in the tire
width direction H are bent in the tire width direction H to
gradually approach each other toward the inflection sec-
tions 21g, 21h, 22g and 22h in the extension direction.
In addition, both of the edges in the tire width direction
H of both types of the elastic connecting plates 21 and
22 are formed in curved shapes that continuously extend
with no corners or stepped sections throughout the length
in the extension direction. Further, only one out of both
of the edges in the tire width direction H in both types of
the elastic connecting plates 21 and 22 may be formed
in the curved shapes as described above.
[0048] The lengths in the tire width direction H of both
types of the elastic connecting plates 21 and 22 are grad-
ually reduced toward the inflection sections 21g, 21h,
22g and 22h from the first end portions 21a and 22a and
the second end portions 21b and 22b, and gradually re-
duced from centers in the extension direction of the first
curved sections 21d and 22d toward the inflection sec-
tions 21g, 21h, 22g and 22h. In addition, the lengths in
the tire width direction H of both types of the elastic con-
necting plates 21 and 22 are equal to each other in the
centers of the extension direction of the first end portions
21a and 22a, the second end portions 21b and 22b, and
the first curved sections 21d and 22d.
[0049] As shown in Fig. 5, in both types of the elastic
connecting plates 21 and 22, the lengths in the tire cir-
cumferential direction, i.e., thicknesses of the inflection
sections 21g, 21h, 22g and 22h, are smallest. In both
types of the elastic connecting plates 21 and 22, the thick-
ness of each of the first end portions 21a and 22a and
the second end portions 21b and 22b is largest, and then
the thicknesses of the first curved sections 21d and 22d
are next largest.
[0050] The first to third the curved sections 21d to 21f
and 22d to 22f and the inflection sections 21g, 21h, 22g
and 22h are smoothly connected in the extension direc-
tion with no intervening corners or stepped sections in
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the tire side view.
[0051] Here, in the embodiment, the ring member 14
and the plurality of connecting members 15 are integrally
formed of a synthetic resin material. Further, the synthetic
resin material may be only one kind of resin material, a
mixture including two or more kinds of resin materials, or
a mixture including one or more kinds of resin materials
and one or more kinds of elastomers. Further, the syn-
thetic resin material may include additives such as an
anti-oxidant, a plasticizing agent, a filler, a pigment, or
the like.
[0052] Further, in the embodiment, as shown in Fig. 1,
the ring member 14 is split into first split ring member 23
disposed at a first side in the tire width direction H, and
a second split ring member 24 disposed at a second side
in the tire width direction H. Further, in the example
shown, the ring member 14 is split at a central portion in
the tire width direction H.
[0053] Additionally, the first split ring member 23 is in-
tegrally formed with the first elastic connecting plates 21,
and the second split ring member 24 is integrally formed
with the second elastic connecting plates 22.
[0054] Further, in the embodiment, the first split ring
member 23 and the first elastic connecting plates 21 are
integrally formed by injection molding, and the second
split ring member 24 and the second elastic connecting
plates 22 are also integrally formed by injection molding.
[0055] Hereinafter, a member formed by integrally
forming the first split ring member 23 and the first elastic
connecting plates 21 is referred to as a first split case
body 31, and a member formed by integrally forming the
second split ring member 24 and the second elastic con-
necting plates 22 is referred to as a second split case
body 32.
[0056] Here, the injection molding may be a general
method of simultaneously forming each of the first and
second split case bodies 31 and 32 as a whole, or in each
of the first and second split case bodies 31 and 32, one
of the first and the second split ring members 23 and 24,
and the first and second elastic connecting plates 21 and
22 may be formed as an insert part and the other may
be formed of insert molding serving as injection molding,
or may be formed by so-called two-color formation or the
like.
[0057] In addition, in each of the first and second split
case bodies 31 and 32, the first and the second split ring
members 23 and 24, and the first and second elastic
connecting plates 21 and 22 may be formed of different
materials or may be formed of the same material. Further,
the material may be a metal material, a resin material, or
the like, or may be a resin material, in particular, a ther-
moplastic resin, in view of reduction in weight.
[0058] Further, when each of the first and second split
case bodies 31 and 32 is simultaneously formed by in-
jection molding as a whole, the plurality of protrusion sec-
tions 12a formed at the inner tubular body 12 may be a
gate portion.
[0059] In each of the first and second split case bodies

31 and 32, central portions in the tire width direction H
of the first and second elastic connecting plates 21 and
22 coincide with a central portion in the tire width direction
H of the outer tubular body 13, and the inner tubular body
12 has a width smaller than that of the outer tubular body
13.
[0060] Additionally, edges in the tire width direction H
of the outer tubular body 13 of the first split ring member
23 and the outer tubular body 13 of the second split ring
member 24 are connected by, for example, welding, fu-
sion, adhesion, or the like. Further, among these, in the
case of welding, for example, hot plate welding or the
like may be employed.
[0061] In addition, edges in the tire width direction H
of the inner tubular body 12 of the first split ring member
23 and the inner tubular body 12 of the second split ring
member 24 are separated from each other in the tire width
direction H. Accordingly, generation of burrs on the inner
circumferential surface of the inner tubular body 12 fitted
onto the attachment body 11 is prevented.
[0062] In addition, the first split case body 31 and the
second split case body 32 have the same shape and the
same size as shown in Fig. 3 in a state before these case
bodies 31 and 32 are connected as described above.
[0063] Then, when they are connected as described
above, the non-pneumatic tire 1 is obtained by butting
and connecting the edges in the tire width direction H of
the outer tubular bodies 13 of the first split case body 31
and the second split case body 32 such that the connect-
ing members 15 are line-symmetrical as described above
in the tire side view, in a state in which orientations in the
tire width direction H of both of the split case bodies 31
and 32 are opposite to each other while matching posi-
tions in the tire circumferential direction of the first split
case body 31 and the second split case body 32.
[0064] As described above, according to the non-
pneumatic tire 1 of the embodiment, in each of the first
and second elastic connecting plates 21 and 22, among
the plurality of curved sections 21d to 21f and 22d to 22f,
curved directions of the curved sections 21d to 21f and
22d to 22f neighboring in the extension direction are op-
posite to each other. Accordingly, as shown by a two-dot
chain line in Fig. 5, when a compressive load in the tire
radial direction is applied to the non-pneumatic tire 1,
since the inflection sections 21g, 21h, 22g and 22h are
not easily deformed but are mainly displaced, loads ap-
plied to the inflection sections 21g, 21h, 22g and 22h are
further suppressed in the first and second elastic con-
necting plates 21 and 22 than in other portions.
[0065] Then, since a cross-sectional area of the inflec-
tion sections 21g, 21h, 22g and 22h is smaller than a
cross-sectional area of a portion other than the inflection
sections 21g, 21h, 22g and 22h in each of the first and
second elastic connecting plates 21 and 22, reduction in
weight can be achieved while preventing a decrease in
the strength of the connecting member 15.
[0066] In addition, since the cross-sectional area of
each of the first and second elastic connecting plates 21
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and 22 is gradually reduced toward the inflection sections
21g, 21h, 22g and 22h in the extension direction, reduc-
tion in weight can be effectively achieved while limiting
an occurrence of a place at which stress is concentrated
in the first and second elastic connecting plates 21 and
22.
[0067] In addition, since both of the lengths in the tire
width direction H of the first and second elastic connect-
ing plates 21 and 22 and the lengths in the tire circum-
ferential direction are smaller than those of the other por-
tions in the inflection sections 21g, 21h, 22g and 22h, a
non-pneumatic tire 1 that exhibits the above-mentioned
effects can be securely obtained.
[0068] Further, the technical scope of the present in-
vention is not limited to the embodiment but various mod-
ifications may be added without departing from the spirit
of the present invention.
[0069] For example, in the embodiment, a configura-
tion including the first elastic connecting plates 21 and
the second elastic connecting plates 22 as the connect-
ing members 15 one by one is shown. However, instead
of this, a configuration in which a plurality of the first elas-
tic connecting plates 21 and a plurality of the second
elastic connecting plates 22 are installed in each of the
connecting members 15 at different positions in the tire
width direction H may be employed.
[0070] In addition, the plurality of connecting members
15 may be installed between the inner tubular body 12
and the outer tubular body 13 in the tire width direction H.
[0071] In addition, instead of the embodiment, the sec-
ond end portions 21b and 22b of the first elastic connect-
ing plates 21 and the second elastic connecting plates
22 may be connected to, for example, positions on the
outer circumferential surface of the inner tubular body 12
that are opposite to each other with the axis O interposed
therebetween in the tire radial direction, or may be con-
nected to positions on the outer circumferential surface
of the inner tubular body 12 that are opposite to the first
end portions 21a and 22a of the first elastic connecting
plates 21 and the second elastic connecting plates 22 in
the tire radial direction, or the like.
[0072] In addition, instead of the embodiment, the first
end portions 21a and 22a of both types of the elastic
connecting plates 21 and 22 may be connected to the
inner circumferential surface of the outer tubular body 13
at different positions in the tire circumferential direction.
[0073] Further, a gap in the tire width direction H may
not be provided between the inner tubular body 12 of the
first split ring member 23 and the inner tubular body 12
of the second split ring member 24.
[0074] In addition, the ring member 14 may be split into
three or more parts in the tire width direction H or may
not be split.
[0075] In addition, the ring member 14 and the plurality
of connecting members 15 may not be integrally formed
with each other.
[0076] Furthermore, the ring member 14 and the con-
necting members 15 are not limited to the embodiment.

For example, the outer tubular body and the attachment
body may be directly connected while allowing relative
elastic displacement via the connecting member without
the inner tubular body being provided.
[0077] In addition, cross-sectional areas of both types
of the elastic connecting plates 21 and 22 may be smaller
than those of only the inflection sections 21g, 21h, 22g
and 22h of both types of the elastic connecting plates 21
and 22.
[0078] In addition, in the embodiment, in each of the
elastic connecting plates 21 and 22, while both of the
length in the tire width direction H and the length in the
tire circumferential direction are smaller than those of the
other portions in the inflection sections 21g, 21h, 22g and
22h, and only one of these may be smaller.
[0079] In addition, in each of the elastic connecting
plates 21 and 22, as holes passing in the tire circumfer-
ential direction are formed in the inflection sections 21g,
21h, 22g and 22h, the cross-sectional areas in the inflec-
tion sections 21g, 21h, 22g and 22h may be smaller than
in the other portions.
[0080] Further, the components according to the
above-mentioned embodiment may be appropriately
substituted with known components without departing
from the spirit of the present invention, and the above-
mentioned variants may be appropriately combined
therewith.
[0081] In addition, a verification test of the above-men-
tioned effects was performed.
[0082] The non-pneumatic tire 1 shown in Figs. 1 to 6
was employed as an example, and a non-pneumatic tire
in which the length in the tire width direction H in each of
the elastic connecting plates 21 and 22 of the non-pneu-
matic tire 1 of the example was equal to the length of the
tire width direction H of the second end portions 21b and
22b throughout the length in the extension direction was
employed as a comparative example.
[0083] The sizes of both of the non-pneumatic tires
were 155/65R15.
[0084] Then, compressive forces when the two kinds
of non-pneumatic tires were compressed in the tire radial
direction and the connecting members were damaged
were calculated by numerical analysis.
[0085] As a result, it was confirmed that, in comparison
with the weight of the non-pneumatic tire of the compar-
ative example, the weight of the non-pneumatic tire 1 of
the example was decreased by 10%, and in comparison
with the compressive force of the non-pneumatic tire of
the comparative example, the compressive force of the
non-pneumatic tire 1 of the example was improved by
20%.

[Industrial Applicability]

[0086] The present invention is provided to achieve re-
duction in weight while limiting a decrease in strength of
the connecting member.
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[Description of Reference Signs]

[0087]

1 Non-pneumatic tire
11 Attachment body
13 Outer tubular body
15 Connecting member
21 First elastic connecting plate
22 Second elastic connecting plate
21a, 22a First end portion
21b, 22b Second end portion
21d, 22d First curved section
21e, 22e Second curved section
21f, 22f Third curved section
21g, 21h, 22g, 22h Inflection section
H Tire width direction

Claims

1. A non-pneumatic tire (1) comprising:

an attachment body (11) attachable to an axle;
an outer tubular body (13) configured to sur-
round the attachment body (11) from the outside
in a tire radial direction; and
a connecting member (15) configured to con-
nect together the attachment body (11) and the
outer tubular body (13) while allowing displace-
ment therebetween,
the connecting member (15) comprising an elas-
tic connecting plate (21, 22) having both end por-
tions connected to the attachment body (11) and
the outer tubular body (13),
wherein a plurality of curved sections (21d, 22d,
21e, 22e, 21f, 22f) curved in a tire circumferential
direction are formed at the elastic connecting
plate (21, 22) in an extension direction in which
the elastic connecting plate (21, 22) extends, in
a tire side view when the non-pneumatic tire (1)
is seen in a tire width direction (H), and
curved directions of the curved sections (21d,
22d, 21e, 22e, 21f, 22f) neighboring in the ex-
tension direction are opposite to each other,
characterised in that:

in the elastic connecting plate (21, 22), an
inflection section (21g, 21h, 22g, 22h) dis-
posed between the curved sections (21d,
22d, 21e, 22e, 21f, 22f) neighboring in the
extension direction has a smaller cross-sec-
tional area than another portion.

2. The non-pneumatic tire (1) according to claim 1,
wherein a cross-sectional area of the elastic con-
necting plate (21, 22) is gradually decreased toward
the inflection section (21g, 21h, 22g, 22h) in the ex-

tension direction.

3. The non-pneumatic tire (1) according to claim 1,
wherein at least one of a length in the tire width di-
rection (H) and a length in the tire circumferential
direction in the inflection section (21g, 21h, 22g, 22h)
of the elastic connecting plate (21, 22) is smaller than
that of another portion.

4. The non-pneumatic tire (1) according to claim 2,
wherein at least one of a length in the tire width di-
rection (H) and a length in the tire circumferential
direction of the inflection section (21g, 21h, 22g, 22h)
of the elastic connecting plate (21, 22) is smaller than
that of another portion.

Patentansprüche

1. Nicht-pneumatischer Reifen (1), der Folgendes um-
fasst:

einen Befestigungskörper (11), der an einer
Achse befestigt werden kann,
einen äußeren röhrenförmigen Körper (13), der
dafür konfiguriert ist, den Befestigungskörper
(11) von der Außenseite in einer Reifenradial-
richtung zu umgeben, und
ein Verbindungselement (15), das dafür konfi-
guriert ist, den Befestigungskörper (11) und den
äußeren röhrenförmigen Körper (13) miteinan-
der zu verbinden, während es eine Verschie-
bung zwischen denselben ermöglicht,
wobei das Verbindungselement (15) eine elas-
tische Verbindungsplatte (21, 22) umfasst, de-
ren beide Endabschnitte mit dem Befestigungs-
körper (11) und dem äußeren röhrenförmigen
Körper (13) verbunden sind,
wobei mehrere gekrümmte Sektionen (21d,
22d, 21e, 22e, 21f, 22f), die in einer Reifenum-
fangsrichtung gekrümmt sind, an der elasti-
schen Verbindungsplatte (21, 22) in einer Aus-
dehnungsrichtung geformt sind, in der sich die
elastische Verbindungsplatte (21, 22) erstreckt,
in einer Reifenseitenansicht, wenn der nicht-
pneumatische Reifen (1) in einer Reifenbreiten-
richtung (H) betrachtet wird, und
gekrümmte Richtungen der in der Ausdeh-
nungsrichtung benachbarten gekrümmten Sek-
tionen (21d, 22d, 21e, 22e, 21f, 22f) zueinander
entgegengesetzt sind, dadurch gekennzeich-
net, dass:

in der elastischen Verbindungsplatte (21,
22) eine Biegungssektion (21g, 21h, 22g,
22h), die zwischen den in der Ausdeh-
nungsrichtung benachbarten gekrümmten
Sektionen (21d, 22d, 21e, 22e, 21f, 22f) an-
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geordnet ist, eine kleinere Querschnittsflä-
che hat als ein anderer Abschnitt.

2. Nicht-pneumatischer Reifen (1) nach Anspruch 1,
wobei eine Querschnittsfläche der elastischen Ver-
bindungsplatte (21, 22) zu der Biegungssektion
(21g, 21h, 22g, 22h) hin in der Ausdehnungsrichtung
allmählich vermindert wird.

3. Nicht-pneumatischer Reifen (1) nach Anspruch 1,
wobei wenigstens eines von einer Länge in der Rei-
fenbreitenrichtung (H) und einer Länge in der Rei-
fenumfangsrichtung in der Biegungssektion (21g,
21h, 22g, 22h) der elastischen Verbindungsplatte
(21, 22) kleiner ist als diejenige eines anderen Ab-
schnitts.

4. Nicht-pneumatischer Reifen (1) nach Anspruch 2,
wobei wenigstens eines von einer Länge in der Rei-
fenbreitenrichtung (H) und einer Länge in der Rei-
fenumfangsrichtung der Biegungssektion (21g, 21h,
22g, 22h) der elastischen Verbindungsplatte (21, 22)
kleiner ist als diejenige eines anderen Abschnitts.

Revendications

1. Bandage non-pneumatique (1), comprenant :

un corps de fixation (11) pouvant être fixé sur
un essieu ;
un corps tubulaire externe (13) configuré pour
entourer le corps de fixation (11) à partir de l’ex-
térieur, dans une direction radiale du bandage
non-pneumatique ; et
un élément de connexion (15) configuré pour
connecter le corps de fixation (11) et le corps
tubulaire externe (13) tout en permettant un dé-
placement entre eux ;
l’élément de connexion (15) comprenant une
plaque de connexion élastique (21, 22) dont les
deux parties d’extrémité sont connectées au
corps de fixation (11) et au corps tubulaire ex-
terne (13) ;
dans lequel plusieurs sections courbées (21d,
22d, 21e, 22e, 21f, 22f) courbées dans une di-
rection circonférentielle du bandage non-pneu-
matique sont formées au niveau de la plaque de
connexion élastique (21, 22) dans une direction
d’extension dans laquelle la plaque de con-
nexion élastique (21, 22) s’étend, dans une vue
latérale du bandage non-pneumatique, lorsque
le bandage non-pneumatique (1) est vu dans
une direction de la largeur du bandage non-
pneumatique (H) ; et
des directions courbées des sections courbées
(21d, 22d, 21e, 22e, 21f, 22f) avoisinantes dans
la direction d’extension étant opposées les unes

aux autres, caractérisé en ce que :

dans la plaque de connexion élastique (21,
22), une section d’inflexion (21g, 21h, 22g,
22h) disposée entre les sections courbées
(21d, 22d, 21e, 22e, 21f, 22f) avoisinantes
dans la direction d’extension, a une surface
de section transversale inférieure à celle
d’une autre partie.

2. Bandage non-pneumatique (1) selon la revendica-
tion 1, dans lequel une surface de section transver-
sale de la plaque de connexion élastique (21, 22)
est progressivement réduite vers la section d’in-
flexion (21g, 21h, 22g, 22h), dans la direction d’ex-
tension.

3. Bandage non-pneumatique (1) selon la revendica-
tion 1, dans lequel au moins une d’une longueur dans
la direction de la largeur du bandage non-pneuma-
tique (H) et une longueur dans la direction circonfé-
rentielle du bandage non-pneumatique, dans la sec-
tion d’inflexion (21g, 21h, 22g, 22h) de la plaque de
connexion élastique (21, 22) est inférieure à celle
d’une autre partie.

4. Bandage non-pneumatique (1) selon la revendica-
tion 2, dans lequel au moins une d’une longueur dans
la direction de la largeur du bandage non-pneuma-
tique (H) et une longueur dans la direction circonfé-
rentielle du bandage non-pneumatique, de la section
d’inflexion (21g, 21h, 22g, 22h) de la plaque de con-
nexion élastique (21, 22) est inférieure à celle d’une
autre partie.

15 16 



EP 3 056 354 B1

10



EP 3 056 354 B1

11



EP 3 056 354 B1

12



EP 3 056 354 B1

13



EP 3 056 354 B1

14



EP 3 056 354 B1

15



EP 3 056 354 B1

16

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2011156905 A [0004]


	bibliography
	description
	claims
	drawings
	cited references

