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Description

TECHNICAL FIELD

[0001] The present invention relates to a steel cord for reinforcing a tire and a pneumatic tire (hereinafter occasionally
simply referred to as "tire"), more particularly relates to a steel cord for reinforcing a tire applicable favorably to a heavy
duty tire to be mounted on a heavy vehicle, such as a transportation vehicle or a construction machine, and to the heavy
duty tire.

BACKGROUND ART

[0002] A tire for a construction vehicle is mounted on a heavy dump truck, etc. to be utilized at a large scale civil
construction site or an ore mine is subjected to harsh working conditions of a heavy load on rough ground surfaces.
Since a tire for a construction vehicle destined for running over rough surfaces receives a strong force from a road
surface as well as a heavy load by nature, high tensile strength (breaking force) is required for a steel cord to be used
for respective reinforcing layers, such as a carcass and a belt.
[0003] Consequently, for such reinforcing layers, a steel cord with a so-called multi-twisted structure, such as a 73(3+9)
structure and a 73(3+9+15) structure (for example, Patent Documents 1 and 2) and a (3+8+13+18) 4-layer-twisted
structure (Patent Documents 3 and 4) in which a plurality of sheath strands formed by twisting a plurality of wires are
twisted around a core strand formed by twisting a plurality of wires has been used broadly.
[0004] Further, a tire for a construction vehicle has high risks of being damaged as the result of incurring the high load
on the rough ground surface, and such countermeasures have been taken, as use of a large diameter cord as a reinforcing
cord, and use of a so-called high tensile strength steel to increase the tensile breaking
force per unit area of the cord, so as to increase the tensile breaking strength in the axial direction of the cord.

RELATED ART DOCUMENTS

PATENT DOCUMENTS

[0005]

Patent Document 1: Japanese Unexamined Patent Application Publication No. 2000-192379
Patent Document 2: Japanese Unexamined Patent Application Publication No. 2002-30586
Patent Document 3: Japanese Unexamined Patent Application Publication No. H04-18182
Patent Document 4: Japanese Unexamined Patent Application Publication No. H04-18183 Reference is also made
to JP2006-214062, which discloses a steel cord according to the preamble of Claim 1

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] A conventional steel cord as a reinforcing material for a heavy duty tire has not been very satisfactory under
circumstances as described below. More particularly, belt plies, especially the innermost belt ply, of a heavy duty tire
forced to run on rough surfaces, is bent widely, when it treads on a relatively obtuse projection, and it has been often
observed that a steel cord for reinforcement is led to premature cord breakage by a tensile force in the axial direction
of the cord. Meanwhile, when it treads on a relatively sharply pointed projection, it is bent locally, and it has been often
observed that cord breakage occurs by a shear force from the projection in a belt reinforcing ply closest to the tread surface.
[0007] From the above, for a steel cord to be utilized as a reinforcing material for a construction vehicle tire, both the
tensile strength in the axial direction of the cord and the strength in the shearing direction are required. In case belt plies
are thick, when they are bent by treading on a projection, an inner side belt cord, namely located on an outer side of a
bend, undergoes easily a tensile force which leads to the breaking elongation. Consequently, the belt ply is required to
be as thin as possible.
[0008] Under such circumstances, an object of the present invention is to provide a steel cord for reinforcing a tire,
which improves cut resistant property, namely durability against cut, such as a notch and a perforation, in the case of
treading on an obtusely or sharply pointed projection, without decreasing the strength in the axial direction of the cord,
and without increasing the thickness in the radial direction, namely without increasing the weight of a tire, as well as a
construction vehicle tire utilizing the steel cord for reinforcing a tire as a reinforcing material.
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MEANS FOR SOLVING THE PROBLEMS

[0009] For attaining the object, the present inventor has intensively studied a 4-layer-twisted steel cord which conven-
tionally has a drawback in that the manufacturing facility thereof becomes huge to find out that the above problems can
be solved, thereby completing the present invention.
[0010] More particularly, the steel cord for reinforcing a tire according to the present invention is a steel cord for
reinforcing a tire formed by twisting a plurality of sheath strands formed by twisting a plurality of steelwires around a
core strand formed by twisting a plurality of steel wires, wherein
the core strand is constituted of a 4-layer-twisted structure and the diameter of the steel cord is 5 mm or larger, charac-
terized in that all of the core wires have a smaller diameter than all of the sheath wires and the steel cord has a (3+9+15+21)
+ 6 3 (3+9+15) structure.
[0011] The pneumatic tire according to the present invention is a pneumatic tire having a carcass as a skeletal structure
comprising ply(s) of radially oriented cords bridging a left-and-right pair of beads and extending toroidally, a belt located
on the
outer side in the radial direction of the tire at a crown part of the carcass, and the belt comprises 6 belt plies each with
arrayed cords, which are crossed between the laminated plies, wherein
the cord constituting the third belt ply and the fourth belt ply of the belt is a steel cord for reinforcing a tire according to
the present invention.

EFFECTS OF THE INVENTION

[0012] By the present invention, without decreasing the strength in the axial direction of the cord, and without increasing
the thickness in the radial direction, a steel cord for reinforcing a tire, which improves durability against cut, as well as
a construction vehicle tire utilizing the steel cord for reinforcing a tire as a reinforcing material can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

Fig. 1 is a cross-sectional view of a steel cord which is not according to the present invention.
Fig. 2 is a cross-sectional view of a steel cord in Example 1.
Fig. 3 is a cross-sectional view of a steel cord in Example 2 (not according to the invention).
Fig. 4 is a cross-sectional view of a steel cord in Conventional Example 2.
Fig. 5 is a cross-sectional view of a steel cord in Example 3 (not according to the invention).
Fig. 6 is a cross-sectional view of a steel cord in Example 4 (not according to the invention).
Fig. 7 is a cross-sectional view of a tire for a construction vehicle according to one example of the present invention.

MODES FOR CARRYING OUT THE INVENTION

[0014] An embodiment of the present invention will be described more specifically below.
[0015] A steel cord is shown in Fig. 1. It is not according to the invention, in that the relative diameters of the core
wires with respect to the sheath wires are not specified, but is useful for describing it. Six sheath strands 2 are twisted
around a core strand 1. Further, on the outer circumference of the cord a wrapping wire 3 is coiled spirally along the
cord circumference.
[0016] In the present invention, it is essential that the core strand 1 is constituted of a 4-layer-twisted structure. When
a cord according to the present invention is applied to a tire as a reinforcing material,
by making the core strand 1 a 4-layer-twisted structure, the shear resistance and cut resistant property against a shear
force in the case of treading on a relatively sharply pointed projection can be secured, as well as the increase of the
weight of a tire can be suppressed. When the number of the layers of the core strand 1 is less than 4, since the amount
of steel per unit cross section is small, the tensile strength may not be attained sufficiently. Therefore, a sufficient strength
is not exerted against a flexural tensile input in the case of treading on an obtusely pointed projection, so that the cut
resistance property decreases and the shear resistance decreases. On the other hand, when the number of the layers
of the core strand 1 is more than 4, the weight of the tire increases. Core strand represents a 3+9+15+21 twisted structure.
In the present invention, the sheath strand 2 is constituted of a 3+9+15 3-layer-twisted structure.
[0017] In the present invention, it is also essential that the core strand 1 has a 4-layer-twisted structure, the diameter
of the core strand is large, and the diameter of the steel cord is 5 mm or larger. When the diameter of the steel cord is
less than 5 mm, in the case of using a steel cord according to the present invention as a reinforcing material for a tire,
a strength cannot be secured and the improvement of the cut resistant property cannot be expected. The shear resistance
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cannot be obtained sufficiently either. From the viewpoint that the above-mentioned effects are favorably secured and
that the thickness of the belt plies is not increased, the diameter of the steel cord is preferably 5 to 8 mm.
[0018] In the present invention, the number of the sheath strands is 6 . When the number of the sheath strands wound
around the core strand is less than 6, a favorable tensile strength with respect to the cord cross section may not be
attained. On the other hand, when the number of windings of the sheath strands is more, the sheath strand becomes
thin, and as the result, the diameter of the wires constituting the sheath strand becomes extremely thin, so that premature
breakage of the wires constituting the sheath strand due to a flexural tensile input in the case of treading on an obtusely
pointed projection occurs, which makes it difficult to obtain a sufficient cut resistance property.
[0019] A steel cord according to the present invention is shown in Fig. 2. In this steel cord, the core strand 1 has a
3+9+15+21 4-layer-twisted structure. Six sheath strands 2 twisted around the core strand 1 have a 3+9+15 3-layer-
twisted structure. In the illustrated embodiment, the diameter of the wires constituting the core strand is smaller than the
diameter of the wires constituting the sheath strand.
[0020] A steel cord which is not according to the present invention is shown in Fig. 3. In this steel cord, the core strand
1 has a 3+9+15+21 4-layer-twisted structure. Ten sheath strands 2 twisted around the core strand 1 have a 3+9+15 3-
layer-twisted structure.
[0021] In the present invention, the core strand and the sheath strands have a same direction twisted structure in
order to avoid breakage due to the concentration of stress by line contact in the individual strands.
[0022] Further, it is preferable according to the present invention to use a high tensile strength steel with the carbon
content of 0.80 to 1.00% by mass for the wires used to secure the strength of the rubber article. In order to suppress
distortion of the cord and to secure good factory workability, a wrapping wire 3 should preferably be wound around the
circumference of the cord.
Further with respect to the wires constituting the respective strands, the wire diameters should be preferably in a range
of 0.20 to 0.60 mm. In case the diameters of the respective wires are less than 0.20 mm, the steel cord cannot attain
sufficient tensile strength, and in case they exceed 0.60 mm, when the cord is applied to a tire, the surface strain of the
wires in the steel cord at a contact area of the tire increases so as to decrease the resistance to fatigue, which is
undesirable.
[0023] As a preferred example of a tire according to the present invention, to which a steel cord according to the
present invention is applied as a reinforcing material for the belt, can be presented a construction vehicle tire shown in
Figure 7. The construction vehicle tire is provided with a carcass 21 constituted with a ply of steel cords extending in
the radial direction between a pair of bead cores 20, a belt 22 constituted with 6 belt plies with cords arrayed on the
outer side in the radial direction of the tire at a crown part of the carcass 21, which are crossed between the laminated
plies, and a tread 23 located outer side in the tire diametral direction of the belt 22.
[0024] The first belt ply and the second belt ply of the belt constituted with 6 plies are provided in the order mentioned
for the purpose of preventing an expansion in the radial direction of the tire; the third belt ply and the fourth belt ply for
the purpose of preventing breakage of a tire due to a large cut; and the fifth belt ply and the sixth belt ply for the purpose
of preventing corrosion of the cords due to a small cut.
[0025] In the tire according to the present invention, cords constituting the third belt ply 22A and the fourth belt ply
22B among the belt plies constituting the belt 22 are steel cords for reinforcing a tire according to the present invention.
By this means the cut resistant property in the case of treading on an obtusely or sharply pointed projection can be
improved without decreasing the strength in the axial direction of the tire cord, and without increasing the tire weight.

EXAMPLES

[0026] The present invention will be described below by way of Examples.

(Examples 1 to 4, Conventional Examples 1 and 2, and Comparative Example)

[0027] Various steel cords shown in Table 1 below were produced. The respective cross-sectional structures perpen-
dicular to the cord axes of the steel cords are shown in Figs. 2 to 6. Fig. 2 corresponds to Example 1, Fig. 3 to Example
2, Fig. 4 to Conventional Example 2, Fig. 5 to Example 3, and Fig. 6 to Example 4, respectively. The wires used for the
steel cords utilized a high tensile strength steel with the carbon content of 0.82% by mass. The following evaluation tests
were conducted on the steel cords.

(Shear resistance)

[0028] The resistance to shear failure of a sample steel cord was evaluated by a Charpy impact tester. The results
were expressed by indices based on the steel cord according to Conventional Example 1 as 100. The higher value
means the better result.
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(Tire weight)

[0029] The sample steel cord was applied to the third belt ply and the fourth belt ply of a construction vehicle tire under
a condition of the same size of 53R63 as a reinforcing material and the weight was measured. The results were expressed
by indices based on the tire according to Conventional Example 1 as 100. The lower value means the better result.

(Number of cuts incurred)

[0030] The sample steel cord was applied to the third belt ply and the fourth belt ply of a construction vehicle tire of
the size of 53R63 as a reinforcing material. The respective tires were so designed that the weights of the steel cords
were identical. The respective tires were seated on the standard rim according to the JATMA standards, and mounted
on a construction vehicle, which traveled at the average vehicle speed of 40 km/h for 1000 hours. Thereafter the number
of cuts having reached the ply utilizing the steel cord was counted in the section equivalent to 1/5 of the circumferential
length of each tire. The obtained results are shown also in Table 1.
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cuts incurred was decreased without increasing the tire weight in any of Examples 1 to 4.
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DESCRIPTION OF SYMBOLS

[0032]

1 Core strand
2 Sheath strand
3 Wrapping wire
20 Bead core
21 Carcass
22 Belt
22A Third belt ply
22B Fourth belt ply
23 Tread

Claims

1. A steel cord for reinforcing a tire formed by twisting a plurality of sheath strands (2) formed by twisting a plurality of
steel wires around a core strand (1) formed by twisting a plurality of steel wires, wherein
the core strand (1) is constituted of a 4-layer-twisted structure and the diameter of the steel cord is 5 mm or larger,
characterized in that
all of the core wires have a smaller diameter than all of the sheath wires; and the steel cord has a (3+9+15+21) +
6 3 (3+9+15) structure.

2. A pneumatic tire having a carcass (21) as a skeletal structure comprising ply(s) of radially oriented cords bridging
a left-and-right pair of beads and extending toroidally, a belt (22) located on the outer side in the radial direction of
the tire at a crown part of the carcass (21), and the belt (22) comprises 6 belt plies each with arrayed cords, which
are crossed between the laminated plies, wherein
the cord constituting the third belt ply (22A) and the fourth belt ply (22B) of the belt (22) is a steel cord for reinforcing
a tire according to claim 1.

Patentansprüche

1. Stahlkord zum Verstärken eines Reifens, geformt durch das Verdrillen mehrerer Hüllenstränge (2), geformt durch
das Verdrillen mehrerer Stahldrähte um einen Kernstrang (1), geformt durch das Verdrillen mehrerer Stahldrähte,
wobei
der Kernstrang (1) aus einer 4-lagig verdrillten Struktur besteht und der Durchmesser des Stahlkords 5 mm oder
mehr beträgt,
dadurch gekennzeichnet, dass
alle der Kerndrähte einen kleineren Durchmesser haben als alle der Hüllendrähte und
der Stahlkord eine Struktur von (3+9+15+21) + 6 3 (3+9+15) hat.

2. Luftreifen, der eine Karkasse (21) als eine Skelettstruktur, die (eine) Lage(n) von radial ausgerichteten Kords, die
ein Paar von linker und rechter Wulst überbrücken und sich kreisringförmig erstrecken, einen Gürtel (22), der auf
der äußeren Seite in der Radialrichtung des Reifens an einem Scheitelteil der Karkasse (21) angeordnet ist, hat
und wobei der Gürtel (22) 6 Gürtellagen jeweils mit gruppierten Kords umfasst, die zwischen den geschichteten
Lagen gekreuzt sind, wobei
der Kord, der die dritte Gürtellage (22A) und die vierte Gürtellage (22B) des Gürtels (22) darstellt, ein Stahlkord
zum Verstärken eines Reifens nach Anspruch 1 ist.

Revendications

1. Câble d’acier destiné à renforcer un bandage pneumatique formé par torsion de plusieurs brins de gaine (2) formés
par torsion de plusieurs fils d’acier autour d’un brin de coeur (1), formé par torsion de plusieurs fils d’acier, dans lequel :

le brin de coeur (1) est constitué par une structure torsadée à quatre couches, le diamètre du câble d’acier
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correspondant à 5 mm ou plus ;
caractérisé en ce que
tous les fils de coeur ont un diamètre inférieur à celui de tous les fils de gaine, et
le câble d’acier a une structure de (3 + 9 + 15 + 21) + 6 x (3 + 9 + 15).

2. Bandage pneumatique comportant une carcasse (21) comme structure de squelette, comprenant une (des) nappe(s)
de câbles à orientation radiale reliant une paire de talons de gauche et de droite et s’étendant de manière toroïdale,
une ceinture (22) agencée sur le côté externe dans la direction radiale du bandage pneumatique, au niveau d’une
partie de sommet de la carcasse (21), la ceinture (22) comprenant 6 nappes de ceinture, comprenant chacune des
câbles groupés, croisés entre les nappes stratifiées, dans lequel
le câble constituant la troisième nappe de ceinture (22A) et la quatrième nappe de ceinture (22B) de la ceinture
(22) est un câble d’acier destiné à renforcer un bandage pneumatique selon la revendication 1.
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