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(54) FLAT STEEL WIRE

(57) A flat steel wire has a rectangular shape with
rounded corners when a cross section perpendicular to
a longitudinal direction is viewed. In the flat steel wire: a
short side of the cross section is 2 mm to 7 mm; a long

side of the cross section is longer than 8 mm to 56 mm;
a ratio of the long side to the short side is more than 4 to
8; a tensile strength is 1900 MPa or more; and a twisting
value is 12 times or more.
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Description

Technical Field

[0001] The present invention relates to a flat steel wire having high strength and excellent secondary workability, the
flat steel wire being utilized for improving the pressure resistance and the tensile strength of electrical cables, commu-
nication cables, pipes, hoses, or the like.
[0002] Priority is claimed on Japanese Patent Application No. 2013-095774, filed on April 30, 2013, and the contents
of which are incorporated herein by reference.

Background Art

[0003] With respect to a high strength flat steel wire, for example, Patent Document 1 discloses a high strength flat
steel wire including the carbon of 0.90 mass% or more. The flat steel wire shows the high strength such as the tensile
strength in the longitudinal direction is approximately 200 kgf/mm2. However, the secondary workability of the flat steel
wire generally decreases with an increase in the strength of the flat steel wire. In the flat steel wire in the related art,
even when the strength is excellent, the workability already reaches critical limit, and thus, it may be difficult to subject
the flat steel wire to the secondary working such as bending and twisting.
[0004] In general, the flat steel wire is mainly utilized for reinforcing flexible pipes or the like. For example, the flexible
pipes are utilized for drawing crude oil from offshore oil field, and are required to have high pressure resistance and high
tensile strength. Thus, the flat steel wire is required to have high strength. On the other hand, the flat steel wire is utilized
by being deformed in a spiral shape for the flexible pipes. Thus, the flat steel wire is required to have excellent secondary
workability against the twisting or the like. In the flat steel wire having poor secondary workability, cracks may initiate
from a periphery and may propagate resulting in the longitudinal cracks during being deformed in the spiral shape. When
the flat steel wire is excellent in the strength and the secondary workability, it is possible to actualize the flexible pipes
having high pressure resistance and high tensile strength.

Related Art Document

Patent Document

[0005] [Patent Document 1] Japanese Patent (Granted) Publication No. 3298688

Summary of Invention

Technical Problem to be Solved

[0006] The present invention is to provide the flat steel wire having high strength and excellent secondary workability.
Herein, the strength indicates the yield strength by tensile test, the 0.2% proof stress by tensile test, the ultimate strength
by tensile test, or the like. The secondary workability indicates the twisting properties, the total tensile elongation, or the
like.

Solution to Problems

[0007] An aspect of the present invention employs the following.
[0008]

(1) A flat steel wire according to an aspect of the present invention has a rectangular shape with rounded corners
when a cross section perpendicular to a longitudinal direction is viewed, wherein: a short side of the cross section
is 2 mm to 7 mm; a long side of the cross section is longer than 8 mm to 56 mm; a ratio of the long side to the short
side is more than 4 to 8; an yield strength or a 0.2% proof stress obtained by a tensile test is 1600 MPa to 2000
MPa, a tensile strength obtained by the tensile test is 1900 MPa or more, and a total elongation obtained by the
tensile test is 2% or more; and a twisting value obtained by a twist test under a condition of a chuck distance of 500
mm is 12 times or more.
(2) In the flat steel wire according to (1), when a surface layer of the flat steel wire is an area within 1 mm in depth
from a contour line of the cross section toward a centroid of the cross section in case that the cross section is viewed,
an average compressive residual stress in the longitudinal direction may be -200 MPa or less in the surface layer.
(3) The flat steel wire according to (1) or (2) may include, as a chemical composition, by mass %, 0.85% to 1.00%
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of C, 0.80% to 1.30% of Si, 0.30% to 0.90% of Mn, 0.017% or less of P, 0.010% or less of S, 0.20% or less of Cu,
0% to 0.10% of Al, 0% to 0.05% of Ti, 0% to 0.0040% of B, 0% to 0.0060% of N, 0% to 0.5% of Cr, 0% to 0.50% of
V, and a balance consisting of Fe and impurities.
(4) The flat steel wire according to any one of (1) to (3) may include, as the chemical composition, by mass %, at
least one selected from a group consisting of 0.005% to 0.10% ofAl, 0.003% to 0.05% ofTi, 0.0005% to 0.0040%
of B, and 0.0015% to 0.0060% of N.
(5) The flat steel wire according to any one of (1) to (4) may include, as the chemical composition, by mass %, at
least one selected from a group consisting of 0.1% to 0.5% of Cr and 0.005% to 0.50% of V.
(6) In the flat steel wire according to any one of (1) to (5), the short side of the cross section may be 2 mm to 6 mm
and the long side of the cross section may be longer than 8 mm to 48 mm.
(7) In the flat steel wire according to (6), the short side of the cross section may be 2 mm to 5 mm and the long side
of the cross section may be longer than 8 mm to 40 mm.

Effects of Invention

[0009] According to the above aspects of the present invention, the shape of the flat steel wire or the like is preferably
controlled, and thus, it is possible to suppress the initiation of cracks from the periphery of the flat steel wire and the
propagation of cracks resulting in the longitudinal cracks of the flat steel wire during being twisted or the like. As a result,
it is possible to provide the flat steel wire having high strength and excellent secondary workability as compared with
the high strength flat steel wire in the related art.

Brief Description of Drawings

[0010]

Fig. 1 is a schema of a flat steel wire according to an embodiment of the present invention when a cross section
perpendicular to a longitudinal direction is viewed.
Fig. 2 is a photograph of an appearance after being twisted of the flat steel wire according to the embodiment.
Fig. 3 is a graph showing a relationship between an average residual stress in a surface layer of the flat steel wire
and a twisting value obtained by a twist test.

Description of Embodiments

[0011] Hereinafter, a preferable embodiment of the invention will be described in detail referring to the drawings. In
addition, the limitation range as described below includes a lower limit and an upper limit thereof. However, the limitation
range in which the lower limit is shown as "more than" does not include the lower limit, and the limitation range in which
the upper limit is shown as "less than" does not include the upper limit.
[0012] The present inventors have found that the twisting properties of flat steel wire are capable of being improved
by controlling a cross section to be a rectangular shape with rounded corners and by controlling a ratio of a long side of
the cross section to a short side of the cross section (long side / short side) to be more than 4 to 8, when the cross
section perpendicular to a longitudinal direction is viewed. It seems that, since the cracks from the periphery of the flat
steel wire, especially the cracks from the corners, are suppressed and the non-uniform deformation is suppressed, the
twisting properties are improved.
[0013] In addition, the present inventors have found that the twisting properties of flat steel wire are capable of being
preferably improved by controlling residual stress in a surface layer of the flat steel wire to be under compressive stress
states. It seems that, since the area where the residual stress in the surface layer of the flat steel wire is under tensile
stress states may act as the fracture origin, the twisting properties are preferably improved by reducing the area under
the tensile stress states in the surface layer.
[0014] In addition, the present inventors have found that the twisting properties of flat steel wire are capable of being
further preferably improved by controlling the C content to be 1.00% or less in mass% or by including the alloying
elements fixing N as chemical composition of the flat steel wire. It seems that, since the pearlitic structure which is
uniform and fine is formed by controlling the C content even under the heat treatment conditions which are industrially
applicable, the twisting properties are further preferably improved. Moreover, it seems that, since age hardening of the
flat steel wire is suppressed by fixing N in the steel and thereby the non-uniform deformation caused by the local hardening
in the flat steel wire is suppressed, the twisting properties are further preferably improved.
[0015] The flat steel wire according to the embodiment shows high strength such that the yield strength or the 0.2%
proof stress obtained by tensile test is 1600 MPa or more and the ultimate tensile strength (tensile strength) obtained
by the tensile test is 1900 MPa or more, and shows excellent secondary workability such that the total elongation obtained
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by the tensile test is 2% or more and the twisting value obtained by twist test is 12 times or more.
[0016] In general, the structural steel having the tensile strength of 1000 MPa or more is regarded as being high
strength. Moreover, in general, the round steel wire having the twisting value of 12 times or more is regarded as being
excellent in the twisting properties. Therefore, it can be said that the flat steel wire according to the embodiment con-
currently satisfies the two contrary properties which are the strength and the secondary workability. For example, by
using the flat steel wire according to the embodiment, it is possible to actualize the flexible pipes having high pressure
resistance and high tensile strength.
[0017] Hereinafter, the shape of the flat steel wire according to the embodiment will be described in detail.
[0018] The flat steel wire according to the embodiment has the rectangular shape with rounded corners when the
cross section perpendicular to the longitudinal direction is viewed, wherein: the short side of the cross section is 2 mm
to 7 mm; the long side of the cross section is longer than 8 mm to 56 mm; and the ratio of the long side to the short side
is more than 4 to 8.
[0019] In general, when the cross section perpendicular to the longitudinal direction of the flat steel wire is viewed,
the shorter line (short side) is referred to as "thickness" and the longer line (long side) is referred to as "width" in the flat
steel wire. In the flat steel wire according to the embodiment, the shorter side in the cross section which is the rectangular
shape with rounded corners is regarded as the short side (thickness). Moreover, the length of the short side is defined
as the length from a corner to a corner when the corners of the cross section are presumed to be the substantially right
angles without rotundity. Also, in the flat steel wire according to the embodiment, the longer side in the cross section
which is the rectangular shape with rounded corners is regarded as the long side (width). Moreover, the length of the
long side is defined as the length from a corner to a corner when the corners of the cross section are presumed to be
the substantially right angles without rotundity. Fig. 1 schematically shows the short side (thickness) and the long side
(width) in the cross section of the flat steel wire 1 according to the embodiment.
[0020] The flat steel wire 1 according to the embodiment has the rectangular shape, and each corner has arc shape,
when the cross section perpendicular to the longitudinal direction is viewed. In other word, the cross-sectional shape is
the rectangular shape with rounded corners where each corner is roundish. Since the cross-sectional shape is the
rectangular shape with rounded corners, the fracture such that the corners act as the fracture origin is suppressed at
the secondary working. In addition, since the cross-sectional shape is the rectangular shape with rounded corners, the
interference in each corner of adjacent flat steel wires 1 is suppressed when the flat steel wire 1 is deformed in the spiral
shape to the pipe.
[0021] In the flat steel wire 1 according to the embodiment, considering the surface stability of rolling mill roll at the
production and the counterforce at the rolling, and considering the control of strength of the flat steel wire 1, an upper
limit of the thickness of the flat steel wire 1 is to be 7 mm. On the other hand, in order to stably conduct the twisting, the
thickness of the flat steel wire 1 is to be 2 mm or longer. Thus, the thickness of the flat steel wire 1 is to be 2 mm to 7 mm.
[0022] In addition, as a result of the investigation to ensure the twisting value of 12 times or more, the present inventors
have found that the ratio of width to thickness (ratio of long side to short side) is to be more than 4 to 8. When the ratio
of long side to short side is 8 or less, the non-uniform deformation is suppressed, and thereby, the twisting properties
are improved. On the other hand, when the ratio of long side to short side is 4 or less, carbon and alloying elements
need to be included more than necessary to ensure the strength, and as a result, the ductility and the secondary workability
of the flat steel wire 1 decrease.
[0023] Based on the thickness (short side) of the flat steel wire 1 and the ratio of width to thickness (ratio of long side
to short side), the width (long side) of the flat steel wire 1 according to the embodiment may be longer than 8 mm to 56 mm.
[0024] In the flat steel wire 1 according to the embodiment, when the cross section perpendicular to the longitudinal
direction is viewed, it is preferable that the short side of the cross section is 2 mm to 6 mm and the long side of the cross
section is longer than 8 mm to 48 mm, and it is more preferable that the short side of the cross section is 2 mm to 5 mm
and the long side of the cross section is longer than 8 mm to 40 mm. Moreover, in the flat steel wire 1 according to the
embodiment, it is preferable that a lower limit of the ratio of width to thickness is 5 or more and an upper limit of the ratio
of width to thickness is 7 or less.
[0025] Hereinafter, the strength and the twisting properties of the flat steel wire 1 according to the embodiment will be
described in detail.
[0026] In the flat steel wire 1 according to the embodiment, the tensile strength is 1900 MPa or more. Although an
upper limit of the tensile strength is not particularly limited, the upper limit may be 2400 MPa.
[0027] In the flat steel wire 1 according to the embodiment, the total elongation is to be 2% or more to ensure the
ductility. Although an upper limit of the total elongation is not particularly limited, the upper limit may be 5%. Moreover,
in the flat steel wire 1 according to the embodiment, the yield strength or the 0.2% proof stress is to be 1600 MPa or
more. Although an upper limit of the yield strength or the 0.2% proof stress is not particularly limited, the upper limit may
be 2000 MPa. It is preferable that the yield strength or the 0.2% proof stress is less than the tensile strength. Specifically,
it is preferable that the ration of the yield strength or the 0.2% proof stress to the tensile strength (the yield strength or
the 0.2% proof stress / the tensile strength) is 0.8 to 0.95.
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[0028] The above mechanical properties may be controlled by the production conditions such as rolling conditions.
For example, the above mechanical properties may be controlled by controlling the rod diameter of steel wire rod before
the rolling and by controlling the rolling temperature and the rolling reduction at the rolling. As necessary, the above
mechanical properties may be controlled by controlling the chemical composition of the flat steel wire 1.
[0029] Since the shape or the like is preferably controlled, the flat steel wire 1 according to the embodiment shows
excellent secondary workability. Specifically, it is possible to conduct the twisting of 12 times or more by the twist test
under the condition of chuck distance of 500 mm. In this manner, in the flat steel wire 1 according to the embodiment,
the strength and the secondary workability are concurrently excellent. Fig. 2 shows the flat steel wire 1 according to the
embodiment after being twisted. As shown in Fig. 2, the flat steel wire 1 according to the embodiment is excellent in the
twisting properties in addition to high strength. Although an upper limit of the twisting value is not particularly limited, the
upper limit may be 25 times.
[0030] Hereinafter, the states of residual stress of the flat steel wire 1 according to the embodiment will be described
in detail. Herein, the residual stress having positive value is regarded as the tensile residual stress, and the residual
stress having negative value is regarded as the compressive residual stress.
[0031] In the flat steel wire 1 according to the embodiment, by controlling the average residual stress in the surface
layer 2 of the flat steel wire 1 to be under compressive stress states, the twisting properties of the flat steel wire 1 are
preferably improved. Specifically, when the surface layer 2 of the flat steel wire 1 is the area within 1 mm in depth from
the contour line of the cross section toward the centroid of the cross section in case that the cross section perpendicular
to the longitudinal direction is viewed, the average residual stress in the longitudinal direction may be -200 MPa or less
in the surface layer 2. When the average residual stress in the surface layer 2 is -200 MPa or less, the twisting properties
of the flat steel wire 1 are preferably improved. Herein, the average residual stress of -200 MPa or less expresses that
the average residual stress is, for example, -220 MPa, -250 MPa, or the like. Although a lower limit of the average
residual stress is not particularly limited, the lower limit may be -1200 MPa. Specifically, it is preferable that the average
residual stress is -1200 MPa to -200 MPa. Even when the residual stress of the local area in the surface layer 2 of the
flat steel wire 1 is under tensile stress states, it is possible to preferably obtain the above effect when the average residual
stress in the surface layer 2 of the flat steel wire 1 is under compressive stress states and -200 MPa or less.
[0032] Fig. 1 schematically shows the surface layer 2 when the cross section perpendicular to the longitudinal direction
is viewed. Fig. 3 shows the relationship between the average residual stress in the surface layer 2 and the twisting value
obtained by the twist test. As shown in Fig. 3, the twisting properties of the flat steel wire 1 are critically improved when
the average compressive residual stress in the surface layer 2 is -200 MPa or less.
[0033] Since the area where the residual stress in the surface layer 2 of the flat steel wire 1 is under tensile stress
states may act as the fracture origin, it is preferable to control the average compressive residual stress in the surface
layer 2 to be -200 MPa or less. In order to control the residual stress in the surface layer 2 of the flat steel wire 1 to be
under compressive stress states, it is preferable to conduct the shot blasting or the like. It is more preferable that the
average compressive residual stress in the surface layer 2 is -300 MPa or less or -400 MPa or less. Moreover, it is more
preferable that the surface layer 2 of the flat steel wire 1 is the area within 2 mm or 3 mm in depth toward the above centroid.
[0034] Hereinafter, the preferable chemical composition of the flat steel wire 1 according to the embodiment will be
described in detail. Hereinafter, "%" of the amount of respective elements as described below expresses "mass%".
[0035] It is preferable that the flat steel wire 1 according to the embodiment includes, as the chemical composition,
by mass %, 0.85% to 1.00% of C, 0.80% to 1.30% of Si, 0.30% to 0.90% of Mn, 0.017% or less of P, 0.010% or less of
S, 0.20% or less of Cu, 0% to 0.10% of Al, 0% to 0.05% of Ti, 0% to 0.0040% of B, 0% to 0.0060% of N, 0% to 0.5% of
Cr, 0% to 0.50% of V, and a balance consisting of Fe and impurities.
[0036] In the chemical composition of the flat steel wire 1 according to the embodiment, C, Si, and Mn are base elements.

C: 0.85% to 1.00%

[0037] C (carbon) is an element which increases the cementite fraction in pearlitic steel, and thereby, increases the
strength of the pearlitic steel. In general, it is possible to improve the strength of the pearlitic steel by work hardening or
by controlling the lamellar spacing of perlite under the optimum production conditions for the patenting or the like. When
the C content is 0.85% or more, it is possible to preferably control the tensile strength to be 1900 MPa or more in addition
to ensuring the ductility. Thus, a lower limit of the C content may be 0.85%. When the C content is 1.00% or less, it is
possible to preferably suppress the local segregation, and thereby, suppress the cracks during the deforming. Thus, an
upper limit of the C content may be 1.00%.

Si: 0.80% to 1.30%

[0038] Si (silicon) is a deoxidizing element for steelmaking and is an element which is effective in solid solution
strengthening for ferrite. In order to obtain the effects, a lower limit of the Si content may be 0.80%. When the Si content
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is 1.30% or less, it is possible to preferably control the nose temperature of isothermal transformation during heat
treatment. Thus, an upper limit of the Si content may be 1.30%.

Mn: 0.30% to 0.90%

[0039] Mn (manganese) is an element which is effective in solid solution strengthening and which improves the tough-
ness and hardenability. In order to obtain the effects, a lower limit of the Mn content may be 0.30%. When the Mn content
is 0.90% or less, it is possible to preferably suppress the delay of transformation at the center of the flat steel wire 1.
Thus, an upper limit of the Mn content may be 0.90%.
[0040] The flat steel wire 1 according to the embodiment includes, as the chemical composition, the impurities. Herein,
"impurities" represent elements which are contaminated during industrial production of the steel from ores and scarp
that are used as a raw material of the steel, or from environment of a production process. Among the impurities, it is
preferable that P, S, and Cu are limited to the following in order to sufficiently obtain the above mentioned effects.
Moreover, since it is preferable that the amount of respective impurities is low, a lower limit does not need to be limited,
and the lower limit of the respective impurities may be 0%.

P: 0.017% or less

[0041] P (phosphorus) is an impurity When the P content is 0.017% or less, it is possible to preferably suppress the
steel embrittlement and the cracks during the deforming of the flat steel wire 1. Thus, the P content may be limited to
0.017% or less.

S: 0.010% or less

[0042] S (sulfur) is an impurity. S bonds to Mn and forms MnS in the steel. Also, S segregates at the center of steel
piece in the steel making and solidification and forms excessive MnS in the center. Thereby, the steel is embrittled.
When the S content is 0.010% or less, it is possible to preferably suppress the fracture which is initiated at the center
of the flat steel wire 1. Thus, the S content may be limited to 0.010% or less.

Cu: 0.20% or less

[0043] Cu (copper) is an impurity which is mainly contaminated from the scarp or the like. Cu is effective in solid
solution strengthening for the steel. However, when the Cu content is 0.20% or less, it is possible to preferably suppress
a large decrease in the workability of the flat steel wire 1. Thus, the Cu content may be limited to 0.20% or less.
[0044] The chemical composition of the flat steel wire 1 according to the embodiment includes the above mentioned
base elements and the balance consists of Fe and the above mentioned impurities. However, the flat steel wire 1
according to the embodiment may further include the optional element such as Al, Ti, B, N, Cr, and V in substitution for
a part of Fe which is the balance. The optional elements may be included as necessary. Thus, a lower limit of the
respective optional elements does not need to be limited, and the lower limit may be 0%. Moreover, even if the optional
elements may be included as impurities, the above mentioned effects are not affected.

Al: 0% to 0.10%

[0045] A1 (aluminum) is a deoxidizing element for steelmaking and is an element which bonds to N and forms the
compounds in the steel. Since A1 fixes N in the steel, it is possible to suppress the age hardening of the flat steel wire
1. Moreover, when Al and B are simultaneously included, since Al fixes N in the steel, the amount of solid-soluted B
increases in the steel. Thus, as necessary, the A1 content may be 0% to 0.10%. A preferable lower limit of the A1 content
may be 0.005%. When the A1 content is 0.10% or less, it is possible to preferably suppress the formation of Al2O3
cluster, and thereby, suppress the cracks during the deforming.
[0046] Since Ti has the same effect as Al, it is possible to decrease the A1 content depending on the Ti content. In
the case, it is possible to obtain the same effect.

Ti: 0% to 0.05%

[0047] In common with Al, Ti (titanium) is a deoxidizing element for steelmaking and is an element which bonds to N
and forms the compounds in the steel. Since Ti fixes N in the steel, it is possible to suppress the age hardening of the
flat steel wire 1. Moreover, when Ti and B are simultaneously included, since Ti fixes N in the steel, the amount of solid-
soluted B increases in the steel. Thus, as necessary, the Ti content may be 0% to 0.05%. A preferable lower limit of the
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Ti content may be 0.003%. When the Ti content is 0.05% or less, it is possible to preferably suppress an increase in
TiC, and thereby, suppress the cracks during the deforming.

B: 0% to 0.0040%

[0048] B (boron) is an element which is solid-soluted in austenite and improves the hardenability. Thus, as necessary,
the B content may be 0% to 0.0040%. A preferable lower limit of the B content may be 0.0005%. When the B content
is 0.0040% or less, it is possible to preferably suppress the formation of Fe23(C, B)6 precipitates or the like, and thereby,
suppress the cracks during the deforming.

N:0% to 0.0060%

[0049] N (nitrogen) is an element which bonds to Al, Ti, or B, forms the nitrides in the steel, and thereby, suppresses
the grain coarsening of austenite during the heating. Thus, as necessary, the N content may be 0% to 0.0060%. A
preferable lower limit of the N content may be 0.0015%. When the N content is 0.0060% or less, it is possible to preferably
suppress the age hardening caused by the excessive free N which does not bond to Al, Ti, or B, and thereby, suppress
a decrease in the ductility of the flat steel wire 1.

Cr: 0% to 0.5%

[0050] Cr (chromium) is an element which decreases the lamellar spacing of perlite, and thereby, improves the strength
of pearlitic steel. Also, Cr is an element which contributes to an increase in the strength during the wire-drawing. Thus,
as necessary, the Cr content may be 0% to 0.5%. A preferable lower limit of the Cr content may be 0.1%. When the Cr
content is 0.5% or less, it is possible to preferably suppress the prolongation of the time for finishing the pearlitic
transformation, and thereby, suppress a decrease in the productivity.

V: 0% to 0.50%

[0051] V (vanadium) is an element which bonds to C and forms the carbides in ferrite in the steel. The carbides harden
the ferrite. Thus, as necessary, the V content may be 0% to 0.5%. A preferable lower limit of the V content may be
0.005%. When the V content is 0.50% or less, it is possible to preferably suppress the formation of the coarse carbides,
and thereby, suppress the cracks during the deforming.
[0052] The flat steel wire 1 according to the embodiment may have the coating layer, the overlayer, or the like on the
surface thereof. Hereinafter, the preferable layer such as the coating layer and the overlayer will be described in detail.
[0053] The flat steel wire 1 according to the embodiment may have the Zn or Ni included coating layer whose thickness
is 10 mm or less on the surface thereof. By the coating layer, it is possible to preferably suppress the corrosion of the
flat steel wire 1 and suppress the delayed fracture caused by the interstitial hydrogen derived from the corrosion and
the environment. When the thickness of coating layer is 10 mm or less, it is possible to preferably suppress the exfoliation
of coating layer during the secondary working.
[0054] Moreover, the flat steel wire 1 according to the embodiment may have the overlayer such as resin which has
the anticorrosive effect on the surface thereof. By the overlayer, it is possible to obtain the same effect as the coating layer.
[0055] Hereinafter, the methods for measuring the tensile properties, the twisting properties, and the residual stress
which are important for the flat steel wire 1 according to the embodiment will be described in detail.
[0056] The tensile properties of the flat steel wire 1 according to the embodiment may be obtained by the tensile test
based on JIS Z2241:2011 or ISO 6892-1:2009. The yield strength or 0.2% proof stress, the ultimate tensile strength
(tensile strength), and the total elongation are obtained by the tensile test result.
[0057] The twisting properties of the flat steel wire 1 according to the embodiment may be obtained by the twist test
in which both ends of the steel wire are chucked by the flat blade chuck, and thereafter, one end rotates. In the test, the
flat steel wire 1 is twisted under the condition such that the chuck distance is 500 mm, the twisting speed is 10 rpm, and
the test temperature is room temperature. The twisting value is defined as the twisting times until being broken and
separated.
[0058] The residual stress in the surface layer 2 of the flat steel wire 1 according to the embodiment may be obtained
by the X-ray diffraction. It is possible to obtain the residual stress in the longitudinal direction in the surface layer 2 of
the flat steel wire 1 by conducting the X-ray diffraction on the measuring plane which is the plane parallel to the longitudinal
direction of the flat steel wire 1 and by analyzing the X-ray diffraction result. The average residual stress may be calculated
from the measuring results by obtaining the residual stresses of plural points in the surface layer 2. Specifically, it is
preferable that the measuring points are at 3 points obtained by equally dividing the long side (width) of the flat steel
wire 1 into four and by excluding both sides from the above equally divided points, and were at 2 points obtained by
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equally dividing the short side (thickness) into three and by excluding both sides from the above equally divided points.
As a result, it is preferable that the total 10 measuring points are obtained by setting the measuring points in the same
method at each opposite side of the above measuring points. It is preferable that the average residual stress in the
longitudinal direction of the flat steel wire 1 is obtained by measuring each residual stress in the longitudinal direction
perpendicular to the cross section in the 10 measuring points. Herein, the surface layer 2 of the flat steel wire 1 is defined
as the area within 1 mm in depth from the contour line of the cross section toward the centroid of the cross section. The
diffraction angle is measured by using the Cr target. The residual stress is obtained from the slope of the approximate
straight line based on the plots of the relation between the X-ray diffraction angle θ and the angle ϕ, the angle ϕ being
between the normal direction of sample plane and the normal direction of crystal plane.
[0059] Hereinafter, the method for producing the flat steel wire 1 according to the embodiment will be described.
[0060] The method for producing the flat steel wire 1 according to the embodiment is not particularly limited. For
example, the flat steel wire 1 according to the embodiment may be produced by a steel making process, a casting
process, a wire rod rolling process, an isothermal transforming process, a wire drawing process, or the like. As necessary,
a shot blasting process or a surface treating process may be conducted after the wire drawing process.
[0061] In the steel making process, the steel may be made in order to obtain the molten steel which consists of the
above base elements, the above optional elements, and the above impurities. Although the steel making method is not
particularly limited, the molten steel may be obtained by the blast furnace method using the raw material such as the
ores or by the electric furnace method using the raw material such as the scarp. For example, as the steel making
condition, ΔT (degree of superheat) may be 15 to 20°C. By the above condition, it is possible to preferably control the
center segregation of the flat steel wire 1.
[0062] In the casting process, the molten steel after the steel making process may be cast in order to obtain the cast
piece. Although the casting method is not particularly limited, the vacuum casting method, the continuous casting method,
or the like may be conducted. For example, it is possible to preferably control the center segregation of the flat steel
wire 1 by properly pressing the crater end and by suppressing the suction of the molten steel in which the concentrate
segregation occurs during the solidification shrinkage. As necessary, the cast piece after the casting process and before
the wire rod rolling process may be subjected to a soaking process, a hot rough rolling process (blooming process), or
the like.
[0063] In the wire rod rolling process, the cast piece after casting process may be wire-rod-rolled in order to obtain
the wire rod. Although the wire rod rolling conditions are not particularly limited, for example, the starting temperature
of wire rod rolling may be within the temperature range of 1050 to 1150°C, the finishing temperature of wire rod rolling
may be within the temperature range of 900 to 1050°C, and the cumulative reduction of wire rod rolling may be within
the range of 98.7 to 99.8%. By the above conditions, it is possible to preferably control the center segregation of the flat
steel wire 1. As necessary, the wire rod after the wire rod rolling process and before the isothermal transforming process
may be wound.
[0064] In the isothermal transforming (patenting) process, the wire rod after the wire rod rolling process may be held
in the isothermal transformation temperature, and the wire rod after the isothermal transformation treatment may be
cooled to the room temperature. The wire rod after the wire rod rolling process may be directly subjected to the isothermal
transformation treatment without the cooling to the room temperature, or the wire rod after the wire rod rolling process
may be subjected to the isothermal transformation treatment after the cooling to the room temperature and the reheating.
Although the isothermal transforming conditions are not particularly limited, for example, the wire rod may be immersed
for the time of 60 to 90 seconds in the molten salt which is kept in the temperature range of 530 to 550°C. By the above
conditions, it is possible to preferably control the pearlitic structure of the flat steel wire 1. The flat steel wire 1 according
to the embodiment mainly includes the pearlitic structure as the metallographic structure. Moreover, in the isothermal
transformation treatment, it is unnecessary to completely control the wire rod temperature to be a constant temperature,
and the wire rod temperature may be fluctuated within the above temperature range. Moreover, when the isothermal
transformation treatment is directly conducted after the wire rod rolling process, the wire rod may be cooled as necessary
under the condition such that the cooling rate is 12 to 30 °C/second in the temperature range from the finishing temperature
of wire rod rolling to the isothermal transformation temperature.
[0065] In the wire drawing process, the wire rod after the isothermal transformation is wire-drawn in order to obtain
the flat steel wire 1. The wire rod after the isothermal transformation is wire-drawn so as to obtain the flat steel wire 1
in which the short side of the cross section is 2 mm to 7 mm, the long side of the cross section is longer than 8 mm to
56 mm, and the ratio of the long side to the short side is more than 4 to 8 when a cross section perpendicular to a
longitudinal direction of flat steel wire 1 is viewed. Although the wire drawing method is not particularly limited, for
example, the flat rolling and the wire drawing using the wire drawing dies may be combined. Specifically, the wire rod
after the isothermal transformation may be wire-drawn by using the general wire drawing dies, and thereafter, the flat
rolling and the wire drawing using the dies whose cross-sectional shape is a circle or a rectangle may be combined as
necessary.
[0066] In the flat steel wire 1 according to the embodiment, the strength increases with an increase in the reduction
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in the wire drawing process. However, in order to concurrently satisfy the strength and the secondary workability, it is
preferable that the reduction of area is 50 to 90% in the wire drawing process. Herein, the reduction of area in the wire
drawing process is defined as the following: Reduction of area = 100 - (Cross-sectional area after wire drawing) / (Cross-
sectional area after isothermal transformation treatment) x 100, on the basis of the cross section perpendicular to the
longitudinal direction.
[0067] In the shot blasting process, the flat steel wire 1 after the wire drawing process may be subjected to the shot
blasting as necessary. Although the shot blasting conditions are not particularly limited, for example, the shot blasting
particles may be the inorganic polishing material, the particle size of shot blasting may be 340 to 400 mm, the pressure
of shot blasting may be 1 to 3 kg/cm2, and the time of shot blasting may be 10 to 20 seconds. Specifically, the particle
size of shot blasting may be 370 mm, the pressure of shot blasting may be 2 kg/cm2, and the time of shot blasting may
be 15 seconds. By the above conditions, it is possible to preferably control the average compressive residual stress in
the longitudinal direction in the surface layer 2 of the flat steel wire 1 to be -200 MPa or less.
[0068] In the surface treating process, the flat steel wire 1 after the wire drawing process or after the shot blasting
process may be subjected to the surface treatment as necessary. It is preferable that the coating layer or the overlayer
is applied to the flat steel wire 1. The surface treating conditions are not particularly limited, and the general coating
treatment or the general overlaying treatment may be conducted.

Example

[0069] Hereinafter, the effects of an aspect of the present invention will be described in detail with reference to the
following examples. However, the condition in the examples is an example condition employed to confirm the operability
and the effects of the present invention, so that the present invention is not limited to the example condition. The present
invention can employ various types of conditions as long as the conditions do not depart from the scope of the present
invention and can achieve the object of the present invention.

(Example)

[0070] The flat steel wires were produced as the inventive examples of Nos. 1 to 18 and the comparative examples
of Nos. 19 to 30 as shown in Tables 1 to 4. The metallographic structure of the flat steel wires was controlled to be fine
pearlitic structure in the isothermal transforming process after the wire rod rolling process. Moreover, in the wire drawing
process, in order to improve the strength, the wire drawing was conducted by using the general wire drawing dies, and
thereafter, the working was conducted by at least one from the flat rolling and the wire drawing using the dies whose
cross-sectional shape was the circle or the rectangle. Moreover, in the shot blasting process, the flat steel wires were
subjected to the shot blasting as necessary. The flat steel wires were subjected to the shot blasting under the condition
such that the inorganic polishing material was used for the shot blasting particles, the particle size of shot blasting was
340 to 400 mm, the pressure of shot blasting was 1 to 3 kg/cm2, and the time of shot blasting was 10 to 20 seconds.
[0071] In addition, for the inventive examples and the comparative examples, the measurements of the tensile prop-
erties, the twisting properties, and the residual stress were conducted.
[0072] The tensile properties were measured by conducting the tensile test based on JIS Z2241:2011 or ISO
6892-1:2009. The yield strength or 0.2% proof stress, the ultimate tensile strength (tensile strength), and the total
elongation were obtained by the tensile test result.
[0073] The twisting properties were measured by conducting the twist test in which both ends of the steel wire were
chucked by the flat blade chuck, and thereafter, one end rotated. In the test, the flat steel wires were twisted under the
condition such that the chuck distance was 500 mm, the twisting speed was 10 rpm, and the test temperature was room
temperature. The twisting value was regarded as the twisting times until being broken and separated.
[0074] The residual stress was obtained by analyzing the X-ray diffraction result for the surface layer of the flat steel
wire. Specifically, the measuring points were at 3 points obtained by equally dividing the long side (width) of the flat steel
wire into four and by excluding both sides from the above equally divided points, and were at 2 points obtained by equally
dividing the short side (thickness) into three and by excluding both sides from the above equally divided points. The
measuring points were set in the same method at each opposite side of the above measuring points, and the X-ray
diffraction was conducted at the total 10 measuring points. The average residual stress in the longitudinal direction
perpendicular to the cross section was obtained by analyzing the X-ray diffraction results. The Cr target was used, and
the residual stress was obtained from the slope of the approximate straight line based on the plots of the relation between
the X-ray diffraction angle θ and the angle ϕ, the angle ϕ being between the normal direction of sample plane and the
normal direction of crystal plane.
[0075] The measurement results are also shown in Tables 1 to 4. In the Tables, underlined values indicate out of the
range of the present invention. Moreover, in the Tables, "-" with respect to the chemical composition indicates that no
alloying element was intentionally added or that the value was less than detection limit. In the inventive examples of
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Nos. 1 to 18, the long side (width), the short side (thickness), and the ratio of width to thickness (ratio of long side to
short side) have satisfied the range of the present invention, and the tensile properties and the twisting properties have
also satisfied the range of the present invention.
[0076] On the other hand, in the comparative examples of Nos. 19 to 30, any one of the long side (width), the short
side (thickness), the ratio of width to thickness (ratio of long side to short side), and the twisting properties have been
insufficient.
[0077] [Table 1]

[0078] [Table 2]

Table 1

No. CHEMICAL COMPOSITION (mass%)

C Si Mn P S Cu Al Ti B N Cr V

1 0.85 0.80 0.76 0.017 0.010 0.18 0.005 0.038 0.0024 0.0031 - -

2 0.85 0.85 0.72 0.015 0.010 0.07 0.098 0.040 0.0037 0.0036 - 0.12

3 0.85 0.90 0.60 0.01 0.005 0.04 - - - - - -

4 0.88 0.90 0.72 0.008 0.006 0.03 0.030 0.048 0.0039 0.0047 - -

5 0.88 1.00 0.73 0.006 0.009 0.04 0.025 0.005 0.0035 0.0041 0.27 0.32

6 0.90 0.90 0.80 0.009 0.007 0.08 0.042 0.010 0.0019 0.0060 0.23 0.21

7 0.92 0.85 0.90 0.010 0.010 0.02 0.032 0.018 0.0020 0.0045 - 0.03

8 0.92 0.85 0.72 0.012 - 0.10 0.033 0.025 0.0040 0.0022 0.15 -

9 0.95 1.30 0.70 0.015 0.005 0.01 0.040 0.035 0.0036 0.0015 - -

10 0.95 0.95 0.71 0.015 0.006 0.03 0.085 0.031 0.0028 0.0036 -

11 0.98 0.96 0.74 0.011 0.009 0.04 0.064 0.029 0.0031 0.0025 - 0.12

12 0.98 0.98 0.75 0.013 0.007 0.02 0.032 0.015 0.0030 0.0042 0.16 -

13 0.98 1.00 0.40 0.016 0.009 0.04 0.040 0.011 0.0029 0.0036 0.41 -

14 1.00 0.82 0.38 0.009 0.008 0.05 0.035 0.005 0.0028 0.0039 - -

15 1.00 0.85 0.35 0.007 0.010 0.02 0.028 0.023 0.0033 0.0029 0.48 0.01

Table 2

No. CHEMICAL COMPOSITION (mass%)

C Si Mn P S Cu Al Ti B N Cr V

16 0.86 0.92 0.58 0.009 0.007 - - - - - - -

17 0.99 0.83 0.36 0.006 0.009 0.02 0.027 0.024 0.0030 0.0030 0.46 0.01

18 1.00 0.84 0.34 0.008 0.010 0.03 0.030 0.022 0.0030 0.0029 0.45 0.02

19 0.83 0.85 0.35 0.020 0.022 0.11 0.024 0.110 - 0.0045 0.22 -

20 0.87 0.75 0.81 0.022 0.019 0.2 0.030 0.160 - 0.0040 - 0.52

21 0.88 0.91 0.75 0.035 0.023 0.15 - - - - - -

22 0.91 0.92 0.73 0.018 0.032 0.11 0.041 0.060 0.0030 0.0035 0.32 -

23 0.92 0.85 0.25 0.023 0.026 0.12 0.120 0.021 0.0025 0.0045 0.61 -

24 0.95 0.88 0.60 0.032 0.011 0.32 0.027 0.034 - 0.0051 0.41 -

25 0.98 1.31 0.45 0.025 0.015 0.15 0.023 0.011 - 0.0023 0.32 0.10

26 1.00 1.00 0.76 0.022 0.020 0.21 0.003 0.000 - 0.0036 0.70 0.20
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[0079] [Table 3]

(continued)

No. CHEMICAL COMPOSITION (mass%)

C Si Mn P S Cu Al Ti B N Cr V

27 1.05 1.20 0.85 0.027 0.019 0.18 0.027 0.019 0.0054 0.0037 - 0.25

28 1.10 0.96 0.79 0.019 0.011 0.14 0.025 0.023 - 0.0073 - 0.33

29 0.89 0.81 0.35 0.016 0.009 0.11 0.009 0.020 0.0024 0.0046 0.48 -

30 0.87 0.85 0.81 0.015 0.008 0.20 0.030 0.048 - 0.0040 - 0.48
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[0080] [Table 4]
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Industrial Applicability

[0081] According to the above aspects of the present invention, the shape of the flat steel wire or the like is preferably
controlled, and thus, it is possible to suppress the initiation of cracks from the periphery of the flat steel wire and the
propagation of cracks resulting in the longitudinal cracks of the flat steel wire during being twisted or the like. As a result,
it is possible to provide the flat steel wire having high strength and excellent secondary workability as compared with
the high strength flat steel wire in the related art. Accordingly, the present invention has significant industrial applicability.

Reference Signs List

[0082]

1: FLAT STEEL WIRE
2: SURFACE LAYER

Claims

1. A flat steel wire comprising a rectangular shape with rounded corners when a cross section perpendicular to a
longitudinal direction is viewed,
wherein: a short side of the cross section is 2 mm to 7 mm;
a long side of the cross section is longer than 8 mm to 56 mm;
a ratio of the long side to the short side is more than 4 to 8;
an yield strength or a 0.2% proof stress obtained by a tensile test is 1600 MPa to 2000 MPa, a tensile strength
obtained by the tensile test is 1900 MPa or more, and a total elongation obtained by the tensile test is 2% or more; and
a twisting value obtained by a twist test under a condition of a chuck distance of 500 mm is 12 times or more.

2. The flat steel wire according to claim 1,
wherein, when a surface layer of the flat steel wire is an area within 1 mm in depth from a contour line of the cross
section toward a centroid of the cross section in case that the cross section is viewed,
an average compressive residual stress in the longitudinal direction is -200 MPa or less in the surface layer.

3. The flat steel wire according to claim 1 or 2, comprising as a chemical composition, by mass %,
0.85% to 1.00% of C,
0.80% to 1.30% of Si,
0.30% to 0.90% of Mn,
0.017% or less of P,
0.010% or less of S,
0.20% or less of Cu,
0% to 0.10% of Al,
0% to 0.05% of Ti,
0% to 0.0040% of B,
0% to 0.0060% of N,
0% to 0.5% of Cr,
0% to 0.50% of V, and
a balance consisting of Fe and impurities.

4. The flat steel wire according to any one of claims 1 to 3, comprising as the chemical composition, by mass %, at
least one selected from a group consisting of
0.005% to 0.10% of Al,
0.003% to 0.05% of Ti,
0.0005% to 0.0040% of B, and
0.0015% to 0.0060% of N.

5. The flat steel wire according to any one of claims 1 to 4, comprising as the chemical composition, by mass %, at
least one selected from a group consisting of
0.1% to 0.5% of Cr, and
0.005% to 0.50% of V.
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6. The flat steel wire according to any one of claims 1 to 5,
wherein: the short side of the cross section is 2 mm to 6 mm; and
the long side of the cross section is longer than 8 mm to 48 mm.

7. The flat steel wire according to claim 6,
wherein: the short side of the cross section is 2 mm to 5 mm; and
the long side of the cross section is longer than 8 mm to 40 mm.
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