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STEEL SPRING WIRE, SPRING, STEEL SPRING WIRE PRODUCTION METHOD AND SPRING

PRODUCTION METHOD

A steel wire for a spring is formed of a steel con-

taining from 0.5% by mass to 0.8% by mass of carbon,
from 1.0% by mass to 2.5% by mass of silicon, from 0.2%
by mass to 1.0% by mass of manganese, and from 0.5%
by mass to 2.5% by mass of chromium, the balance being
iron and incidental impurities. The steel has a tempered
martensite structure. The hardness of a surface region
that is a region within 10 pwm from an outer surface is
from more than 0 HV to 50 HV higher than the hardness
of a region other than the surface region.
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Description
Technical Field

[0001] The present invention relates to steel wires for
springs, to springs, to methods for manufacturing steel
wires for springs, and to methods for manufacturing
springs.

[0002] The present application claims priority to Japa-
nese Patent Application No. 2016-139668, filed on Jul.
14, 2016, and Japanese Patent Application No.
2017-038665, filed on Mar. 1, 2017, the entire contents
of which are incorporated herein by reference.

Background Art

[0003] As a method for improving the fatigue strength
of springs while reducing the likelihood of fractures during
coiling, there is proposed a technique involving drawing
a quenched and tempered wire at a reduction of area of
5% to 25%. Thus, the likelihood of fractures during coiling
is reduced, and the yield stress of the spring is increased
by heat treatment after coiling to obtain a spring with ex-
cellent fatigue strength (see, for example, Japanese Un-
examined Patent Application Publication No.
2012-52218 (PTL 1)).

Citation List
Patent Literature

[0004] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2012-52218

Summary of Invention

[0005] A steelwirefora spring according to the present
invention is formed of a steel containing from 0.5% by
mass to 0.8% by mass of carbon, from 1.0% by mass to
2.5% by mass of silicon, from 0.2% by mass to 1.0% by
mass of manganese, and from 0.5% by mass to 2.5% by
mass of chromium, the balance being iron and incidental
impurities. The steel has a tempered martensite struc-
ture. The hardness of a surface region that is a region
within 10 wm from an outer surface is from more than 0
HV to 50 HV higher than the hardness of a region other
than the surface region.

[0006] A method for manufacturing a steel wire for a
spring according to a first aspect of the present invention
includes the steps of providing a starting wire material
containing from 0.5% by mass to 0.8% by mass of carbon,
from 1.0% by mass to 2.5% by mass of silicon, from 0.2%
by mass to 1.0% by mass of manganese, and from 0.5%
by mass to 2.5% by mass of chromium, the balance being
iron and incidental impurities; subjecting the starting wire
material to first drawing; subjecting to carburizing treat-
ment the starting wire material subjected to the first draw-
ing such that the carbon concentration of a region includ-
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ing a surface of the starting wire material is from more
than 0% by mass to 0.05% by mass higher than the car-
bon concentration of the interior thereof; and subjecting
to quenching and tempering treatment the starting wire
material subjected to the carburizing treatment.

[0007] A method for manufacturing a steel wire for a
spring according to a second aspect of the present in-
vention includes the steps of providing a starting wire
material containing from 0.5% by mass to 0.8% by mass
of carbon, from 1.0% by mass to 2.5% by mass of silicon,
from 0.2% by mass to 1.0% by mass of manganese, and
from 0.5% by mass to 2.5% by mass of chromium, the
balance being iron and incidental impurities; subjecting
the starting wire material to first drawing; subjecting to
quenching and tempering treatment the starting wire ma-
terial subjected to the first drawing; and subjecting to sec-
ond drawing the starting wire material subjected to the
quenching and tempering treatment. The second draw-
ing is performed at a reduction of area of from 1% to less
than 5%.

Brief Description of Drawings
[0008]

Figure 1 is a schematic view showing the structure
of a steel wire for a spring.

Figure 2 is a schematic view showing the structure
of a spring.

Figure 3 is a flowchart showing, in outline, a method
for manufacturing a steel wire for a spring and a
spring according to a first embodiment.

Figure 4 is a schematic view showing the structure
of a starting wire material.

Figure 5 is a graph illustrating a carburizing step and
a quenching and tempering step.

Figure 6 is a schematic sectional view illustrating a
second drawing step.

Figure 7 is a flowchart showing, in outline, a method
for manufacturing a steel wire for a spring and a
spring according to a second embodiment. Descrip-
tion of Embodiments

[Technical Problem]

[0009] As discussed above, there is a need to achieve
both improved fatigue strength and a reduced likelihood
of fractures during coiling. Accordingly, an object of the
present disclosure is to provide a steel wire for a spring,
a spring, a method for manufacturing a steel wire for a
spring, and a method for manufacturing a spring that can
achieve improved fatigue strength with a reduced likeli-
hood of fractures during coiling.

[Advantageous Effects of Disclosure]

[0010] The steel wire for a spring and the method for
manufacturing a steel wire for a spring according to the
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present disclosure can achieve improved fatigue
strength with a reduced likelihood of fractures during coil-

ing.
[Description of Embodiments of Invention]

[0011] First, a list of embodiments of the present in-
vention will be described. A steel wire for a spring ac-
cording to the present application is formed of a steel
containing from 0.5% by mass to 0.8 % by mass of carbon
(C), from 1.0% by mass to 2.5% by mass of silicon (Si),
from 0.2% by mass to 1.0% by mass of manganese (Mn),
and from 0.5% by mass to 2.5% by mass of chromium
(Cr), the balance being iron and incidental impurities. The
steel has a tempered martensite structure. The hardness
of a surface region that is a region within 10 pum from an
outer surface is from more than 0 HV to 50 HV higher
than the hardness of a region other than the surface re-
gion.

[0012] According to research conducted by the inven-
tors, a steel wire for a spring that can achieve improved
fatigue strength with a reduced likelihood of fractures dur-
ing coiling is obtained by slightly increasing the hardness
of a steel wire formed of a steel having a suitable con-
stituent composition and a tempered martensite structure
only in an extremely thin surface region as compared to
the interior. The steel used for the steel wire for a spring
according to the present application has a constituent
composition that can ensure the strength required of
springs and a tempered martensite structure. The hard-
ness of an extremely thin surface region that is within 10
pm from the outer surface (surface region) is set to be
from more than 0 HV to 50 HV higher than the hardness
of the region other than the surface region (interior re-
gion). Since the hardness is increased only in the surface
region by 50 HV or less in this way, the steel wire for a
spring according to the present application can achieve
improved fatigue strength with a reduced likelihood of
fractures during coiling.

[0013] Here, the reasons for limiting the constituent
composition of the steel forming the steel wire for a spring
to the ranges mentioned above will be described herein.

Carbon: from 0.5% by mass to 0.8% by mass

[0014] Carbon is an element that greatly affects the
strength of a steel having a tempered martensite struc-
ture. To achieve sufficient strength for use as a steel wire
for a spring, it is necessary that the carbon content be
0.5% by mass or more. On the other hand, high carbon
contents would result in decreased toughness and thus
decreased workability during coiling and drawing. To en-
sure sufficient workability, it is necessary that the carbon
content be 0.8% by mass or less. To further improve the
strength, it is preferred that the carbon content be 0.6%
by mass or more. Toimprove the toughness and facilitate
working, it is preferred that the carbon content be 0.7%
by mass or less.
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Silicon: from 1.0% by mass to 2.5% by mass

[0015] Silicon has the property of reducing softening
upon heating (softening resistance). To reduce softening
during strain-removing heat treatment performed after
the coiling of the steel wire for a spring, it is necessary
that the silicon content be 1.0% by mass or more. On the
other hand, the addition of excess silicon would decrease
the toughness of the steel wire for a spring. To ensure
sufficient toughness, it is necessary that the silicon con-
tent be 2.5% by mass or less. To further improve the
resistance to softening upon heating, it is preferred that
the silicon content be 1.3% by mass or more. To more
reliably ensure sufficient toughness, it is preferred that
the silicon content be 2.3% by mass or less.

Manganese: from 0.2% by mass to 1.0% by mass

[0016] Manganese is an element added as a deoxidiz-
ing agent in steel refining. To allow manganese to func-
tion as a deoxidizing agent, it is necessary that the man-
ganese content be 0.2% by mass or more. On the other
hand, the addition of excess manganese would result in
the formation of a martensite structure upon cooling after
heating. An unintentionally formed martensite structure
would decrease workability during processes such as
drawing. Accordingly, itis necessary that the manganese
content be 1.0% by mass or less. To allow manganese
to more reliably function as a deoxidizing agent, it is pre-
ferred that the manganese content be 0.3% by mass or
more. To more reliably reduce unintentional formation of
amartensite structure, it is preferred that the manganese
content be 0.85% by mass or less.

Chromium: from 0.5% by mass to 2.5% by mass

[0017] Chromium contributes to reducing softening up-
on heating after quenching and tempering. To reliably
produce this effect, it is necessary that the chromium
content be 0.5% by mass or more. On the other hand,
the addition of excess chromium would result in the for-
mation of a martensite structure upon cooling after heat-
ing. An unintentionally formed martensite structure would
decrease workability during processes such as drawing.
Accordingly, it is necessary that the chromium content
be 2.5% by mass or less. To more reliably reduce sof-
tening upon heating after quenching and tempering, it is
preferred that the chromium content be 0.7% by mass or
more. To more reliably reduce unintentional formation of
a martensite structure, it is preferred that the chromium
content be 1.5% by mass or less.

Incidental impurities

[0018] In the process of manufacturing the steel wire
for a spring, impurities such as phosphorus (P), sulfur
(S), and copper (Cu) are incidentally incorporated into
the steel forming the steel wire for a spring. The presence
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of excess phosphorus and sulfur would cause grain
boundary segregation and form inclusions, thus degrad-
ing the properties of the steel. Accordingly, the phospho-
rus and sulfur contents are each preferably 0.035% by
mass or less, more preferably 0.025% by mass or less.
Copper would decrease the hot workability of the steel.
Accordingly, the copper content is preferably 0.2% by
mass or less. The total incidental impurity content is pref-
erably 1% by mass or less.

[0019] The steel wire for a spring may have a diameter
of 15 mm or less. The steel wire for a spring according
to the present application is suitable for use as a steel
wire for a spring with such a wire diameter. If the steel
wire for a spring has a non-circular cross-section perpen-
dicular to the longitudinal direction, "diameter" as used
herein means the diameter of a circle circumscribing the
cross-section.

[0020] The carbon concentration of the surface region
of the steel wire for a spring may be from more than 0%
by mass to 0.05% by mass higher than the carbon con-
centration of the region other than the surface region. If
the carbon content of the surface region is higher than
the carbon content of the interior (the region other than
the surface region), the hardness of the surface region
can be easily made higher than the hardness of the in-
terior.

[0021] The proportion ofthe {110} texture in the surface
region of the steel wire for a spring may be from 5% to
35% higher than the proportion of the {110} texture in a
central region thatis aregion within 10 umfrom the center
of gravity of a cross-section perpendicular to the longitu-
dinal direction of the steel wire for a spring. This increases
the elastic limit for shear stress. As a result, the fatigue
strength and settling resistance of a spring manufactured
from the steel wire for a spring can be improved.
[0022] If the proportion of the {110} texture in the sur-
face region is 5% or more higher than the proportion of
the {110} texture inthe centralregion, the effect described
above is clear. On the other hand, if the proportion of the
{110} texture in the surface region is more than 35% high-
er than the proportion of the {110} texture in the central
region, the steel wire for a spring would exhibit decreased
workability during coiling. From the viewpoint of worka-
bility, itis preferred that the proportion of the {110} texture
in the surface region be 30% or less higher than the pro-
portion of the {110} texture in the central region. Itis more
preferred that the proportion of the {110} texture in the
surface region be 15% or less higher than the proportion
of the {110} texture in the central region. The proportion
of the {110} texture in the central region is, for example,
3% or less.

[0023] The proportions of the {110} texture in the sur-
face region and the central region can be measured, for
example, as follows. The steel wire for a spring is first
cut, and the cross-section is mechanically polished. The
mechanically polished cross-sectional surface is then
subjected to ion polishing with an ion beam, such as an
argon ion beam, for removal of any surface region dam-
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aged by mechanical polishing to obtain an observation
surface. The resulting observation surface is then sub-
jected to crystal orientation measurement to measure the
proportions of the {110} texture in the surface region and
the central region, for example, by electron back-scatter
diffraction (EBSD).

[0024] The steelwire fora spring may have a circularity
of 3 wm or less in a cross-section perpendicular to the
longitudinal direction. This stabilizes the properties of a
spring manufactured from the steel wire for a spring.
[0025] The steel wire for a spring may have a variation
in diameter of 1% or less per meter in a cross-section
perpendicular to the longitudinal direction. This stabilizes
the properties of a spring manufactured from the steel
wire for a spring.

[0026] The steel forming the steel wire for a spring may
further contain from 0.05% by mass to 0.5% by mass of
vanadium. Vanadium contributes to reducing softening
upon heating by forming fine carbides in the steel. To
reliably produce this effect, vanadium may be added in
an amount of 0.05% by mass or more. On the other hand,
the addition of excess vanadium would decrease the
toughness of the steel. To ensure sufficient toughness,
vanadium is preferably added in an amount of 0.5% by
mass or less, preferably 0.25% by mass or less.

[0027] A spring according to the present application is
formed of the foregoing steel wire for a spring. Since the
spring according to the present application is formed of
the steel wire for a spring according to the present appli-
cation, a spring that exhibits improved fatigue strength
can be provided with a reduced likelihood of fractures
during coiling.

[0028] The spring may have a surface with a nitrogen
concentration of 300 ppm or less. The spring according
to the present application exhibits sufficient fatigue
strength without a treatment that increases the nitrogen
concentration of the surface of the spring above such a
range, for example, nitriding treatment.

[0029] A method for manufacturing a steel wire for a
spring according to a first aspect of the present applica-
tionincludes the steps of providing a starting wire material
containing from 0.5% by mass to 0.8% by mass of carbon,
from 1.0% by mass to 2.5% by mass of silicon, from 0.2%
by mass to 1.0% by mass of manganese, and from 0.5%
by mass to 2.5% by mass of chromium, the balance being
iron and incidental impurities; subjecting the starting wire
material to first drawing; subjecting to carburizing treat-
ment the starting wire material subjected to the first draw-
ing such that the carbon concentration of a region includ-
ing the surface of the starting wire material is from more
than 0% by mass to 0.05% by mass higher than the car-
bon concentration of the interior thereof; and subjecting
to quenching and tempering treatment the starting wire
material subjected to the carburizing treatment.

[0030] Inthe method for manufacturing a steel wire for
a spring according to the first aspect of the present ap-
plication, the starting wire material having the foregoing
suitable constituent composition is subjected to carbu-
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rizing treatment to slightly increase the carbon concen-
tration of the region including the surface, followed by
quenching and tempering treatment. This allows the
hardness of the steel wire for a spring, which is formed
of a steel having a suitable constituent composition and
a tempered martensite structure, to be slightly increased
only in an extremely thin surface region as compared to
the interior. As a result, the steel wire for a spring accord-
ing to the present application can be easily manufactured
such that the hardness of an extremely thin surface re-
gion that is within 10 wm from the outer surface (surface
region) is set to be from more than 0 HV to 50 HV higher
than the hardness of the region other than the surface
region (interior region).

[0031] Inthe method for manufacturing a steel wire for
a spring according to the first aspect, the step of subject-
ing to carburizing treatment the starting wire material sub-
jected to the first drawing may include performing carbu-
rizing treatment by heating the starting wire material in
an atmosphere whose composition is controlled to have
a carbon potential (CP) value of from 0.5% by mass to
1.5% by mass. If the carburizing treatment is performed
by gas carburizing in an atmosphere with a controlled
CP value, the carbon concentration of the surface region
becomes stable. As a result, the variation in the hardness
of the surface region is reduced, and a steel wire for a
spring can be easily manufactured such that the hard-
ness of the surface region is from more than 0 HV to 50
HV higher than the hardness of the interior region.
[0032] The method for manufacturing a steel wire for
a spring according to the first aspect may further include
a step of subjecting to second drawing the starting wire
material subjected to the quenching and tempering treat-
ment. This improves the dimensional accuracy of the
steel wire for a spring.

[0033] Inthe method for manufacturing a steel wire for
a spring according to the first aspect, the second drawing
may be performed at a reduction of area of from 1% to
less than 5%. If the reduction of area is not less than 5%,
it would be difficult to achieve an increase in hardness
only in the extremely thin surface region since the hard-
ness would also increase in the interior of the steel wire
after drawing. If the reduction of area is set to less than
5% to achieve anincrease in hardness only in the surface
layer, the steel wire for a spring according to the present
application can be more easily manufactured. If the re-
duction of area is 1% or more, an increase in hardness
can be more reliably achieved in the extremely thin sur-
face region after drawing.

[0034] A method for manufacturing a steel wire for a
spring according to a second aspect of the present ap-
plication includes the steps of providing a starting wire
material containing from 0.5% by mass to 0.8% by mass
of carbon, from 1.0% by mass to 2.5% by mass of silicon,
from 0.2% by mass to 1.0% by mass of manganese, and
from 0.5% by mass to 2.5% by mass of chromium, the
balance being iron and incidental impurities; subjecting
the starting wire material to first drawing; subjecting to
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quenching and tempering treatment the starting wire ma-
terial subjected to the first drawing; and subjecting to sec-
ond drawing the starting wire material subjected to the
quenching and tempering treatment. The second draw-
ing is performed at a reduction of area of from 1% to less
than 5%.

[0035] Inthe method for manufacturing a steel wire for
a spring according to the second aspect of the present
application, the starting wire material having the forego-
ing suitable constituent composition is subjected to
quenching and tempering treatment, followed by the sec-
ond drawing at a reduction of area of from 1% to less
than 5%. This allows the hardness of the steel wire for a
spring, which is formed of a steel having a suitable con-
stituent composition and a tempered martensite struc-
ture, to be slightly increased only in an extremely thin
surface region as compared to the interior. As a result,
the steel wire for a spring according to the present appli-
cation can be easily manufactured such that the hard-
ness of an extremely thin surface region that is within 10
pm from the outer surface (surface region) is set to be
from more than 0 HV to 50 HV higher than the hardness
of the region other than the surface region (interior re-
gion).

[0036] In the methods for manufacturing a steel wire
for a spring, the second drawing may be performed while
the starting wire material is heated to atemperature range
from 25°C to 450°C. This forms a Cottrell atmosphere in
the steel, thus increasing the strength of the steel wire
fora spring. The second drawing may be performed while
the starting wire material is heated to atemperature range
from 150°C to 450°C.

[0037] In the methods for manufacturing a steel wire
for a spring, the second drawing may be performed
through a die with an approach angle of from 0.1° to 7°.
This allows anincrease in hardness to be easily achieved
only in the surface layer.

[0038] In the methods for manufacturing a steel wire
for a spring, the starting wire material may be drawn to
a diameter of 15 mm or less by the first drawing. If the
settings for the first drawing are made such that the start-
ing wire material is drawn to a diameter of 15 mm or less,
a thin steel wire for a spring can be easily manufactured.
[0039] A method for manufacturing a spring according
to the present application includes the steps of providing
a steel wire for a spring by the methods for manufacturing
a steel wire for a spring according to the present appli-
cation; and coiling the steel wire for a spring.

[0040] Since a steel wire for a spring manufactured by
the methods for manufacturing a steel wire for a spring
according to the present application is coiled in the meth-
od for manufacturing a spring according to the present
application, a spring that exhibits improved fatigue
strength can be manufactured with a reduced likelihood
of fractures during coiling.

[0041] The method for manufacturing a spring may fur-
ther include a step of subjecting the coiled steel wire for
a spring to shot peening treatment. The steel wire for a
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spring to be subjected to the shot peening treatment may
have a surface with a nitrogen concentration of 300 ppm
or less. If the shot peening treatment is performed in the
method for manufacturing a spring according to the
present application without a treatment that increases
the nitrogen concentration of the surface of the spring
above such a range, for example, nitriding treatment, a
spring that exhibits sufficient fatigue strength can be
manufactured.

[Details of Embodiments of Invention]

[0042] Next,embodiments of methods for manufactur-
ing steel wires according to the present invention will
hereinafter be described with reference to the drawings.
In the following drawings, the same or corresponding
parts are denoted by the same reference numerals, and
a description thereof is not repeated.

(First Embodiment)

[0043] Referring to Fig. 1, a steel wire 1 for a spring
according to this embodiment is a steel wire having a
circular cross-section 10 perpendicular to the longitudinal
direction and a cylindrical outer surface 11. The steel
wire 1 for a spring has a diameter of, for example, 15 mm
or less, preferably from 2 mm to 10 mm.

[0044] The steel wire 1 for a spring is formed of a steel
containing from 0.5% by mass to 0.8% by mass of carbon,
from 1.0% by mass to 2.5% by mass of silicon, from 0.2%
by mass to 1.0% by mass of manganese, and from 0.5%
by mass to 2.5% by mass of chromium, the balance being
iron and incidental impurities. The steel has a tempered
martensite structure. The hardness of a surface region
12 that is a region within 10 wm from the outer surface
11 is from more than 0 HV to 50 HV higher than the
hardness of an interior region 13 that is a region other
than the surface region. The carbon concentration of the
surface region 12 is from more than 0% by mass t0 0.05%
by mass higher than the carbon concentration of the in-
terior region 13. The surface region 12 is a carburized
layer.

[0045] The steel used for the steel wire 1 for a spring
has the foregoing constituent composition, which can en-
sure the strength required of springs, and a tempered
martensite structure. The hardness of an extremely thin
surface region that is within 10 wm from the outer surface
11 (surface region 12) is set to be from more than 0 HV
to 50 HV higherthan the hardness of the interior region13.
Sincethe hardness isincreased only in the surface region
12 by 50 HV or less in this way, the steel wire 1 for a
spring can achieve improved fatigue strength with a re-
duced likelihood of fractures during coiling. The hardness
of the surface region 12 is preferably from 5 HV to 25
HV, preferably from 5 HV to 15 HV, higher than the hard-
ness of the interior region 13. The carbon concentration
ofthe surface region 12 is preferably from 0.01% by mass
to 0.03% by mass, more preferably from 0.01% by mass
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to 0.02% by mass, higher than the carbon concentration
of the interior region 13.

[0046] The proportion ofthe {110}texture in the surface
region 12 of the steel wire 1 for a spring is preferably from
5% to 35% higher than the proportion of the {110} texture
in a central region 14 that is a region within 10 um from
the center of gravity of a cross-section perpendicular to
the longitudinal direction of the steel wire 1 for a spring.
This increases the elastic limit for shear stress. As a re-
sult, the fatigue strength and settling resistance of a
spring manufactured from the steel wire 1 for a spring
can be improved. The proportion of the {110} texture in
the central region 14 is, for example, 3% or less.
[0047] The steel wire 1 for a spring preferably has a
circularity of 3 um or less in the cross-section 10 perpen-
dicular to the longitudinal direction. This stabilizes the
properties of a spring manufactured from the steel wire
1 for a spring.

[0048] The steel wire 1 for a spring may have a varia-
tion in diameter of 1% or less per meter in the cross-
section 10 perpendicular to the longitudinal direction.
This stabilizes the properties of a spring manufactured
from the steel wire 1 foraspring. The variationin diameter
means the difference between the maximum and mini-
mum diameters per meter in the longitudinal direction.
[0049] The steel forming the steel wire 1 for a spring
may further contain from 0.05% by massto 0.5% by mass
of vanadium. This reduces softening upon heating.
[0050] Examples of steels that may be employed to
form the steel wire 1 for a spring include SWOSC-B in
accordance with JIS G3560 and SWOCV-V and SWO-
SC-V in accordance with JIS G3561.

[0051] Referring to Fig. 2, a spring 2 according to this
embodiment is formed of the steel wire 1 for a spring.
Since the spring 2 is formed of the steel wire 1 fora spring,
the spring 2 exhibits improved fatigue strength with a
reduced likelihood of fractures during coiling.

[0052] The surface of the spring 2 (the outer surface
11 of the steel wire 1 for a spring) has a nitrogen con-
centration of 300 ppm or less. The spring 2 exhibits suf-
ficient fatigue strength without a treatment that increases
the nitrogen concentration of the surface of the spring 2
(the outer surface 11 of the steel wire 1 for a spring)
above such a range, for example, nitriding treatment.
[0053] Next, an example method formanufacturing the
steel wire 1 for a spring and the spring 2 will be described.
Referring to Fig. 3, a method for manufacturing the steel
wire 1 for a spring according to this embodiment begins
by performing a starting-wire-material providing step as
step (S10). Referring to Fig. 4, a starting wire material 5
is provided in step (S10). The starting wire material 5
contains from 0.5% by mass to 0.8% by mass of carbon,
from 1.0% by mass to 2.5% by mass of silicon, from 0.2%
by mass to 1.0% by mass of manganese, and from 0.5%
by mass to 2.5% by mass of chromium, the balance being
iron and incidental impurities.

[0054] Specifically, for example, the starting wire ma-
terial 5 is provided by subjecting a steel material such as
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SWOSC-B in accordance with JIS G3560 or SWOCV-V
or SWOSC-V inaccordance with JIS G3561 to processes
such as rolling and patenting (transformation into fine
pearlite). The starting wire material 5 is a steel wire ma-
terial having a circular cross-section 50 perpendicular to
the longitudinal direction and a cylindrical outer surface
51.

[0055] A first drawing step is then performed as step
(S20). In step (S20), the starting wire material 5 is sub-
jected to first drawing (drawing process). Specifically, the
starting wire material 5 provided in step (S10) is drawn.
In step (S20), the starting wire material 5 is drawn to a
diameter of, for example, 15 mm or less.

[0056] A carburizing step is then performed as step
(S30). Figure 5 shows the relationship between time and
temperature in the carburizing step and the quenching
and tempering step. In Fig. 5, the horizontal axis indicates
elapsed time, and the vertical axis indicates temperature.
In step (S30), the starting wire material 5 subjected to
the first drawing in step (S20) is subjected to carburizing
treatment.

[0057] Specifically, referring to Fig. 5, the starting wire
material 5 subjected to the first drawing in step (S20)
begins to be heated at time t, and reaches a carburizing
temperature T, at time ty. Thereafter, the starting wire
material 5 is maintained at the carburizing temperature
T, until time t,. The carburizing temperature T, is a tem-
perature higher than or equal to the austenite transfor-
mation point (A, transformation point). For example, the
carburizing temperature T, is from 920°C to 930°C. Dur-
ing this period, the starting wire material 5 is held in a
carburizing atmosphere. That is, the starting wire mate-
rial 5 is heated in a carburizing atmosphere. As a result,
the carbon concentration of the region including the sur-
face (outer surface 51) of the starting wire material 5 be-
comes slightly, specifically, from more than 0% by mass
to 0.05% by mass, higher than the carbon concentration
of the interior thereof.

[0058] In step (S30), the composition of the atmos-
phere is controlled such that the CP value of the atmos-
phere is from 0.5% by mass to 1.5% by mass, more pref-
erably from 0.8% by mass to 1.2% by mass. More spe-
cifically, gases such as propane gas, oxygen gas, and
nitrogen gas are introduced into a furnace in which the
carburizing treatment is performed. The introduced pro-
pane gas decomposes and reacts with the oxygen gas
to produce gases such as carbon monoxide gas (CO)
and methane gas (CH,), which contribute to carburizing,
as well as carbon dioxide gas (CO,). The CP value can
be controlled, for example, by measuring the concentra-
tions of carbon dioxide gas and oxygen gas in the atmos-
phere with a carbon dioxide sensor and an oxygen sensor
and, based on these measurements, changing the
amounts of propane gas and oxygen gas introduced into
the furnace.

[0059] If the carburizing treatment is performed in this
way by gas carburizing while measuring the gas compo-
sition of the atmosphere and controlling the CP value
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based on these measurements, the carbon concentra-
tion of the surface region 12 becomes stable. As a result,
the variation in the hardness of the surface region 12 is
reduced, and the steel wire 1 for a spring can be easily
manufactured such that the hardness of the surface re-
gion 12 is from more than 0 HV to 50 HV higher than the
hardness of the interior region 13.

[0060] A quenching and tempering step is then per-
formed as step (S40). In step (S40), the starting wire
material 5 subjected to the carburizing treatment in step
(S30) is subjected to quenching and tempering treat-
ment. Referring to Fig. 5, the starting wire material 5 sub-
jected to the carburizing treatment over the period from
time t; to t, is quenched over the period from time t, to
t5. Specifically, the starting wire material 5 is cooled from
atemperature higher than or equal to the austenite trans-
formation point (A transformation point) to a temperature
lower than or equal to the Mg point. Cooling can be per-
formed, for example, by immersing the starting wire ma-
terial 5 in quenching oil. This transforms the structure of
the steel forming the starting wire material 5 into a mar-
tensite structure. Thus, the quenching treatment is com-
plete.

[0061] The starting wire material 5 then begins to be
heated at time t, and reaches a tempering temperature
T, at time t5. Thereafter, the starting wire material 5 is
maintained at the tempering temperature T, until time tg,.
The tempering temperature T, is a temperature lower
than the austenite transformation point (A, transforma-
tion point). For example, the tempering temperature T,
is from 450°C to 600°C. The starting wire material 5 is
then cooled over the period from time tg to t;. Cooling
can be performed, for example, by air cooling. This trans-
forms the structure of the steel forming the starting wire
material 5 into a tempered martensite structure. Thus,
the tempering treatment is complete.

[0062] A second drawing step is then performed as
step (S50). In step (S50), the starting wire material 5 sub-
jected to the quenching and tempering treatment in step
(S40) is subjected to second drawing.

[0063] Figure 6 shows a cross-section of a drawing
device for performing step (S50) in the advancing direc-
tion a, of the starting wire material 5. Referring to Fig. 6,
the drawing device for performing step (S50) includes a
die 70. The die 70 has a through-hole formed through
the die 70 in the advancing direction a of the starting wire
material 5. The wall surface surrounding the through-hole
is a working surface 71 that comes into contact with the
starting wire material 5. The starting wire material 5 sub-
jected to step (S40) advances in the longitudinal direction
to enter the through-hole of the die 70. When the starting
wire material 5 reaches an entrance 78, the outer surface
51 of the starting wire material 5 comes into contact with
the working surface 71 of the die 70. The starting wire
material 5 is then worked and plastically deformed such
that the shape of the starting wire material 5 in a cross-
section perpendicular to the longitudinal direction corre-
sponds to the shape of the working surface 71 in a cross-
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section perpendicular to the advancing direction o of the
starting wire material 5. The area of the through-hole of
the die 70 in a cross-section perpendicular to the advanc-
ing direction a of the starting wire material 5 is smaller
at an exit 79 than at the entrance 78. When the starting
wire material 5 reaches the exit 79 of the die 70, working
on the working surface 71 of the die 70 is complete, and
the steel wire 1 for a spring is obtained.

[0064] The through-hole of the die 70 has a tapered
region whose cross-sectional area perpendicular to the
advancing direction o of the starting wire material 5 be-
comes smaller in the direction from the entrance 78 to-
ward the exit 79. The taper angle of the tapered region,
i.e., the approach angle 6, is from 0.1° to 7°.

[0065] In the method for manufacturing the steel wire
1 for a spring according to this embodiment, the starting
wire material 5 having the foregoing suitable constituent
composition is subjected to carburizing treatment in step
(S30) to slightly increase the carbon concentration of the
region including the surface, followed by quenching and
tempering treatment in step (S40). This allows the hard-
ness of the steel wire 1 for a spring, which is formed of
a steel having a suitable constituent composition and a
tempered martensite structure, to be slightly increased
only in an extremely thin surface region as compared to
the interior. As a result, the steel wire 1 for a spring can
be easily manufactured such that the hardness of an ex-
tremely thin surface region that is within 10 pum from the
outer surface 11 (surface region 12) is set to be from
more than 0 HV to 50 HV higher than the hardness of
the interior region 13.

[0066] Although step (S50) is not an essential step in
the method for manufacturing a steel wire for a spring
according to this embodiment, performing this step im-
proves the dimensional accuracy of the steel wire 1 for
a spring. The reduction of area in step (S50) is preferably
from 1% to less than 5%, more preferably from 2% to
3.5%. This allows an increase in hardness to be achieved
only in the surface layer, so that the steel wire 1 for a
spring can be more easily manufactured. Performing step
(S50) also increases the proportion of the {110} texture
in the surface region 12 while maintaining the proportion
of the {110} texture in the central region 14 at a low level
(e.g., 3% or less). As a result, the proportion of the {110}
texture in the surface region 12 can be made, for exam-
ple, from 5% to 35% higher than the proportion of the
{110} texture in the central region 14.

[0067] The second drawing in step (S50) may be per-
formed while the starting wire material 5 is heated to a
temperature range from 150°C to 450°C, preferably from
200°C to 350°C. That is, the starting wire material 5 may
be subjected to warm working (warm drawing) in step
(850). This forms a Cottrell atmosphere in the steel, thus
increasing the strength of the steel wire 1 for a spring.
The second drawing in step (S50) may be performed
while the starting wire material 5 is heated to a temper-
ature range from 25°C to 450°C.

[0068] Next, a method for manufacturing the spring 2
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from the steel wire 1 for a spring obtained in step (S50)
will be described. Following step (S50), a coiling step is
performed as step (S60). Referring to Figs. 1 and 2, the
steel wire 1 for a spring is coiled in step (S60), for exam-
ple, by plastically forming the steel wire 1 for a spring into
the spiral shape shown in Fig. 2.

[0069] An tempering step is then performed as step
(S70). In step (S70), the steel wire 1 for a spring coiled
in step (S60) (spring 2) is subjected to tempering treat-
ment. Specifically, the spring 2 is heated to reduce strain
induced into the spring 2 in step (S60).

[0070] A shot peening step is then performed as step
(S80). In step (S80), the spring 2 subjected to the tem-
pering treatment in step (S70) is subjected to shot peen-
ing. Although step (S80) is not an essential step in the
method for manufacturing a spring according to this em-
bodiment, performing this step applies a compressive
stress to the region including the surface of the spring 2,
thus contributing to improved fatigue strength. The spring
2 according to this embodiment is finished through the
foregoing steps. The method for manufacturing a spring
according to this embodiment allows a spring that exhib-
its improved fatigue strength to be manufactured with a
reduced likelihood of fractures during coiling.

[0071] The steel wire 1 for a spring (spring 2) to be
subjected to the shot peening in step (S80) may have a
surface with a nitrogen concentration of 300 ppm or less.
That s, the shot peening in step (S80) may be performed
without subjecting the spring 2 to nitriding treatment. If
the shot peening treatment is performed without nitriding
treatment in the method for manufacturing the spring 2
according to this embodiment, a spring with sufficient fa-
tigue strength can be manufactured.

(Second Embodiment)

[0072] Next, another embodiment, i.e., a second em-
bodiment, will be described. A steel wire 1 for a spring
and a spring 2 according to the second embodiment ba-
sically have the same configuration and advantages as
those according to the first embodiment. However, the
steel wire 1 for a spring and the spring 2 according to the
second embodiment differ from those according to the
first embodiment in that they have no carburized layer.

[0073] Referringto Figs. 1and 2, as in the first embod-
iment, the hardness of the surface region 12 of the steel
wire 1 for a spring and the spring 2 according to the sec-
ond embodiment is higher than the hardness of the inte-
rior region 13; however, they have the same carbon con-
centration. That is, the carbon concentration is uniform
in the cross-section 10 perpendicular to the longitudinal
direction. Even with this configuration, the steel wire 1
foraspring and the spring 2 can achieve improved fatigue
strength with a reduced likelihood of fractures during coil-
ing.

[0074] Next, a method for manufacturing a steel wire
for a spring and a spring according to the second em-
bodiment will be described. Referring to Figs. 7 and 3,
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the method for manufacturing a steel wire for a spring
and a spring according to the second embodiment is ba-
sically performed as in the first embodiment. However,
the method for manufacturing a steel wire for a spring
and a spring according to the second embodiment differs
from that according to the first embodiment in that the
carburizing treatment performed as step (S30) is omitted
and the second drawing step performed as step (S50) is
an essential step.

[0075] Referring to Fig. 7, the method for manufactur-
ing a steel wire for a spring and a spring according to the
second embodiment begins by performing steps (S10)
and (S20) as in the first embodiment. Thereafter, steps
(S40) and (S50) are performed without performing step
(S30). Whereas step (S50) is not an essential step in the
first embodiment, step (S50) is an essential step in the
second embodiment.

[0076] The reduction of area in step (S50) is from 1%
to less than 5%, preferably from 2% to 3.5%. This allows
anincreasein hardnessto be achieved only in the surface
layer even through the carburizing step performed as
step (S30) in the first embodiment is omitted, so that the
steel wire 1 for a spring according to the second embod-
iment can be manufactured. Furthermore, the spring 2
according to the second embodiment can be manufac-
tured by performing steps (S60) to (S80) as in the first
embodiment.

[0077] It should be understood that the embodiments
disclosed herein are illustrative in all respects and not
restrictive in any way. The scope of the invention is de-
fined by the claims, rather than by the foregoing descrip-
tion, and all changes that come within the meaning and
range of equivalency of the claims are intended to be
embraced therein.

Reference Signs List

[0078] 1 steel wire for spring; 2 spring; 5 starting wire
material; 10 cross-section; 11 outer surface; 12 surface
region; 13 interior region; 14 central region; 50 cross-
section; 51 outer surface; 70 die; 71 working surface; 78
entrance; 79 exit

Claims

1. A steel wire for a spring, comprising a steel contain-
ing from 0.5% by mass to 0.8% by mass of carbon,
from 1.0% by mass to 2.5% by mass of silicon, from
0.2% by mass to 1.0% by mass of manganese, and
from 0.5% by mass to 2.5% by mass of chromium,
the balance being iron and incidental impurities, the
steel having a tempered martensite structure,
wherein a hardness of a surface region that is a re-
gion within 10 wm from an outer surface is from more
than 0 HV to 50 HV higher than a hardness of a
region other than the surface region.
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2,

10.

The steel wire for a spring according to Claim 1,
wherein the steel wire for a spring has a diameter of
15 mm or less.

The steel wire for a spring according to Claim 1 or
2, wherein a carbon concentration of the surface re-
gion is from more than 0% by mass to 0.05% by
mass higher than a carbon concentration of the re-
gion other than the surface region.

The steel wire for a spring according to any one of
Claims 1 to 3, wherein a proportion of a {110} texture
in the surface region is from 5% to 35% higher than
a proportion of a {110} texture in a central region that
is a region within 10 wm from a center of gravity of
a cross-section perpendicular to a longitudinal direc-
tion of the steel wire for a spring.

The steel wire for a spring according to any one of
Claims 1 to 4, wherein the steel wire for a spring has
a circularity of 3 wm or less in a cross-section per-
pendicular to a longitudinal direction.

The steel wire for a spring according to any one of
Claims 1 to 5, wherein the steel wire for a spring has
a variation in diameter of 1% or less per meter in a
cross-section perpendicular to a longitudinal direc-
tion.

The steel wire for a spring according to any one of
Claims 1to 6, wherein the steel further contains from
0.05% by mass to 0.5% by mass of vanadium.

A spring comprising the steel wire for a spring ac-
cording to any one of Claims 1 to 7.

The spring according to Claim 8, wherein the spring
has a surface with a nitrogen concentration of 300
ppm or less.

A method for manufacturing a steel wire for a spring,
comprising the steps of:

providing a starting wire material containing
from 0.5% by mass to 0.8% by mass of carbon,
from 1.0% by mass to 2.5% by mass of silicon,
from 0.2% by mass to 1.0% by mass of manga-
nese, and from 0.5% by mass to 2.5% by mass
of chromium, the balance being iron and inci-
dental impurities;

subjecting the starting wire material to first draw-
ing;

subjecting to carburizing treatment the starting
wire material subjected to the first drawing such
that a carbon concentration of aregion including
a surface of the starting wire material is from
more than 0% by mass to 0.05% by mass higher
than a carbon concentration of an interior there-



1.

12.

13.

14.

15.

16.

17.

17

of; and

subjecting to quenching and tempering treat-
ment the starting wire material subjected to the
carburizing treatment.

The method for manufacturing a steel wire for a
spring according to Claim 10, wherein the step of
subjecting to carburizing treatment the starting wire
material subjected to the first drawing comprises per-
forming carburizing treatment by heating the starting
wire material in an atmosphere whose composition
is controlled to have a CP value of from 0.5% by
mass to 1.5% by mass.

The method for manufacturing a steel wire for a
spring according to Claim 10 or 11, further compris-
ing a step of subjecting to second drawing the start-
ing wire material subjected to the quenching and
tempering treatment.

The method for manufacturing a steel wire for a
spring according to Claim 12, wherein the second
drawing is performed at a reduction of area of from
1% to less than 5%.

A method for manufacturing a steel wire for a spring,
comprising the steps of:

providing a starting wire material containing
from 0.5% by mass to 0.8% by mass of carbon,
from 1.0% by mass to 2.5% by mass of silicon,
from 0.2% by mass to 1.0% by mass of manga-
nese, and from 0.5% by mass to 2.5% by mass
of chromium, the balance being iron and inci-
dental impurities;

subjecting the starting wire material to first draw-
ing;

subjecting to quenching and tempering treat-
ment the starting wire material subjected to the
first drawing; and

subjecting to second drawing the starting wire
material subjected to the quenching and tem-
pering treatment,

wherein the second drawing is performed at a
reduction of area of from 1% to less than 5%.

The method for manufacturing a steel wire for a
spring according to any one of Claims 12 to 14,
wherein the second drawing is performed while the
starting wire material is heated to a temperature
range from 25°C to 450°C.

The method for manufacturing a steel wire for a
spring according to any one of Claims 12 to 15,
wherein the second drawing is performed through a
die with an approach angle of from 0.1° to 7°.

The method for manufacturing a steel wire for a
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18.

19.

18

spring according to any one of Claims 10 to 16,
wherein the starting wire material is drawn to a di-
ameter of 15 mm or less by the first drawing.

A method for manufacturing a spring, comprising the
steps of:

providing a steel wire for a spring by the method
for manufacturing a steel wire for a spring ac-
cording to any one of Claims 10 to 17; and
coiling the steel wire for a spring.

The method for manufacturing a spring according to
Claim 18, further comprising a step of subjecting the
coiled steel wire for a spring to shot peening treat-
ment,

wherein the steel wire for a spring to be subjected
to the shot peening treatment has a surface with a
nitrogen concentration of 300 ppm or less.
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