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(57) Disclosed are a wire rod for an ultra-high
strength spring, a steel wire, and a manufacturing method
thereof, and more particularly, a wire rod for an ultra-high
strength spring having excellent processibility, a steel
wire, and a manufacturing method thereof.

According to an embodiment, the disclosed wire rod
for an ultra-high strength spring includes, in percent by
weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9% of Si, 0.3
to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less of P,
0.01% or less of S, 0.01% or less of Al, 0.005% or less

of N, more than 0% and 0.04% or less of Nb, and the
remainder being Fe and unavoidable impurities, and sat-
isfies a value of Formula (1) below being 0.77 or more
and 0.83 or less: 

(1)

wherein in Formula (1), C, Mn, Cr, and Si represent the
content (wt%) of each element.
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Description

[Technical Field]

[0001] The present disclosure relates to a wire rod for an ultra-high strength spring, a steel wire and a manufacturing
method thereof, and more particularly, to a wire rod for an ultra-high strength spring having excellent processibility, a
steel wire and a manufacturing method thereof.

[Background Art]

[0002] Similar to the market for automotive materials, development of lightweight materials or structural modification
has been continuously conducted in the market for motorcycle materials. Demands for steels for high-strength springs
have recently increased since dual-type suspensions used in conventional motorcycles have been replaced with mono-
type suspensions.
[0003] Drawn wire rods, which have been conventionally used for springs of motorcycle suspensions, are not suitable
for use in mono-type suspensions due to insufficient strength and fatigue resistance. Accordingly, application of wire
rods having a tempered martensite structure for automobiles has been considered. However, because quality standards
for suspension springs of automobiles are stringent and also manufacturing the suspension springs is difficult and costly,
it is difficult to apply the suspension springs for automobiles to motorcycles.
[0004] Particularly, suspensions of motorcycles are smaller than those of automobiles, springs for motorcycles require
relatively higher processibility while processing the springs. In addition, suspension springs for motorcycles have relatively
smaller diameters, it is difficult to control decarburization and a low-temperature structure. Therefore, there is a need to
develop new high-strength suspension springs applicable to suspensions of motorcycles.
[0005] In addition, conventionally, oil quenching has been used after heating a steel material in a heat treatment
furnace to form a tampered martensite structure and manganese and chromium should be contained in the steel material
in more than certain amounts to obtain sufficient hardenability. With the recent development of induction heat treatment,
sufficient hardenability may be obtained only by water quenching and a target strength may be obtained while reducing
the amounts of the alloying elements contained in the steel material. However, research on small-diameter steel materials
applicable to suspension springs of motorcycles and having lower amounts of the alloying elements by utilizing induction
heat treatment and quenching is not sufficient.

[Disclosure]

[Technical Problem]

[0006] To solve the above-described problems, provided is a wire rod for an ultra-high strength spring having excellent
processibility, a steel wire and a manufacturing method thereof.

[Technical Solution]

[0007] In accordance with an aspect of the present disclosure to achieve the above-described objects, provided is a
wire rod for an ultra-high strength spring including, in percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9% of Si,
0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less of P, 0.01% or less of S, 0.01% or less of Al, 0.005% or less of N,
more than 0% and 0.04% or less of Nb, and the remainder being Fe and unavoidable impurities, and satisfying a value
of Formula (1) below being 0.77 or more and 0.83 or less:

wherein in Formula (1), C, Mn, Cr, and Si represent the content (wt%) of each element.
[0008] In the wire rod for an ultra-high strength spring according to an embodiment of the present disclosure, on a
cross-section perpendicular to a longitudinal direction, a sum of area fractions of bainite and martensite having a hardness
may be 400 Hv or more is 1% or less.
[0009] In the wire rod for an ultra-high strength spring according to an embodiment of the present disclosure, a ferrite
decarburized layer may have a thickness of 1 mm or less.
[0010] In the wire rod for an ultra-high strength spring according to an embodiment of the present disclosure, an
average grain size of ferrite may be 10 mm or less.
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[0011] In the wire rod for an ultra-high strength spring according to an embodiment of the present disclosure, an Nb-
based carbide having a size of 20 nm or less may be distributed at a density of 1000 grains/mm2 or more.
[0012] In the wire rod for an ultra-high strength spring according to an embodiment of the present disclosure, a tensile
strength may be 1200 MPa or less.
[0013] In accordance with another aspect of the present disclosure to achieve the above-described objects, provided
is a method for manufacturing a wire rod for an ultra-high strength spring including: homogenization heat-treating an
ingot including, in percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9% of Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr,
0.015% or less of P, 0.01% or less of S, 0.01% or less of Al, 0.005% or less of N, more than 0% and 0.04% or less of
Nb, and the remainder being Fe and unavoidable impurities, and satisfying a value of Formula (1) below being 0.77 or
more and 0.83 or less, at a heating temperature of 900 to 1100°C within 180 minutes; wire rod rolling the ingot at a finish
rolling temperature of 730 to Ae3°C; and cooling the wire rod at a cooling rate of 3°C/s or less:

wherein in Formula (1), C, Mn, Cr, and Si represent the content (wt%) of each element.
[0014] In the method for manufacturing a wire rod for an ultra-high strength spring according to an embodiment of the
present disclosure, a strain in the wire rod rolling may be from 0.3 to 2.0.
[0015] In the method for manufacturing a wire rod for an ultra-high strength spring according to an embodiment of the
present disclosure, an average grain size of austenite before finish rolling in the wire rod rolling may be from 5 to 15 mm.
[0016] In accordance with another aspect of the present disclosure to achieve the above-described objects, provided
is a steel wire for an ultra-high strength spring including, in percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9% of
Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less of P, 0.01% or less of S, 0.01% or less of Al, 0.005% or less of
N, more than 0% and 0.04% or less of Nb, and the remainder being Fe and unavoidable impurities, and satisfying a
value of Formula (1) below being 0.77 or more and 0.83 or less, wherein the steel wire includes a tempered martensite
in an area fraction of 90% or more:

wherein in Formula (1), C, Mn, Cr, and Si represent the content (wt%) of each element.
[0017] In the steel wire for an ultra-high strength spring according to an embodiment of the present disclosure, an Nb-
based carbide having a size of 20 nm or less may be distributed at a density of 1000 grains/mm2 or more.
[0018] In the steel wire for an ultra-high strength spring according to an embodiment of the present disclosure, an
average grain size of spherical austenite may be 10 mm or less.
[0019] In the steel wire for an ultra-high strength spring according to an embodiment of the present disclosure, a wire
diameter may be 15 mm or less.
[0020] In the steel wire for an ultra-high strength spring according to an embodiment of the present disclosure, a
strength may be 1700 MPa or more.
[0021] In the steel wire for an ultra-high strength spring according to an embodiment of the present disclosure, a
reduction in area may be 35% or more.
[0022] In accordance with another aspect of the present disclosure to achieve the above-described objects, provided
is a method for manufacturing a steel wire for an ultra-high strength spring including: drawing a wire rode including, in
percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9% of Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less of
P, 0.01% or less of S, 0.01% or less of Al, 0.005% or less of N, more than 0% and 0.04% or less of Nb, and the remainder
being Fe and unavoidable impurities, and satisfying a value of Formula (1) below being 0.77 or more and 0.83 or less,
heating the wire rod at a temperature of 900 to 1000°C, water quenching the wire rod at a high pressure, tempering the
wire rod at a temperature of 400 to 500°C, and water quenching the wire rod:

wherein in Formula (1), C, Mn, Cr, and Si represent the content (wt%) of each element.
[0023] In the method for manufacturing a steel wire for an ultra-high strength spring according to an embodiment of
the present disclosure, the heating step may include heating the wire rod to a temperature of 900 to 1000°C within 10
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seconds and maintaining the temperature for 5 to 60 seconds.
[0024] In the method for manufacturing a steel wire for an ultra-high strength spring according to an embodiment of
the present disclosure, wherein an average grain size of spherical austenite after the heating step may be 10 mm or less.
[0025] In the method for manufacturing a steel wire for an ultra-high strength spring according to an embodiment of
the present disclosure, the tempering step may include heating the wire rod to a temperature of 400 to 500°C within 10
seconds and maintaining the temperature within 30 seconds.

[Advantageous Effects]

[0026] According to the present disclosure, a wire rod for an ultra-high strength spring, in which surface decarburization
and formation of a low-temperature structure are inhibited by using an alloy composition having a low Ceq and a low Si
content, may be provided.
[0027] In addition, according to the present disclosure, a wire rod for an ultra-high strength spring, in which grain size
is reduced by using an Nb-based carbide and controlling rolling may be provided.
[0028] A steel wire for an ultra-high strength spring according to the present disclosure has a small wire diameter of
15 mm or less which is suitable for suspension springs for motorcycles.
[0029] The steel wire for an ultra-high strength spring according to the present disclosure may have a strength of 1700
MPa or more by induction heat treatment and water quenching, although the alloy composition has a low Ceq and a low
Si content, thereby having an ultra-high strength required for suspension springs of motorcycles.
[0030] The steel wire for an ultra-high strength spring according to the present disclosure may have a high ductility
with a reduction in area (RA) of 35% or more by grain refinement, and thus the steel wire may be cold-rolled at room
temperature to be manufactured into suspension springs for motorcycles.

[Best Mode]

[0031] A wire rod for an ultra-high strength spring according to an embodiment of the present disclosure includes, in
percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9% of Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less of
P, 0.01% or less of S, 0.01% or less of Al, 0.005% or less of N, more than 0% and 0.04% or less of Nb, and the remainder
being Fe and unavoidable impurities, wherein a value of Formula (1) below is 0.77 or more and 0.83 or less:

wherein in Formula (1), C, Mn, Cr, and Si represent the content (wt%) of each element.

[Modes of the Invention]

[0032] Hereinafter, preferred embodiments of the present disclosure will now be described. However, the present
disclosure may be embodied in many different forms and should not be construed as being limited to the embodiments
set forth herein. Rather, these embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the disclosure to those skilled in the art.
[0033] The terms used herein are merely used to describe particular embodiments. Thus, an expression used in the
singular encompasses the expression of the plural, unless it has a clearly different meaning in the context. In addition,
it is to be understood that the terms such as "including" or "having" are intended to indicate the existence of features,
steps, functions, components, or combinations thereof disclosed in the specification, and are not intended to preclude
the possibility that one or more other features, steps, functions, components, or combinations thereof may exist or may
be added.
[0034] Meanwhile, unless otherwise defined, all terms used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this disclosure belongs. Thus, these terms should not be interpreted in an
idealized or overly formal sense unless expressly so defined herein. As used herein, the singular forms are intended to
include the plural forms as well, unless the context clearly indicates otherwise.
[0035] In addition, the terms "about", "substantially", etc. used throughout the specification mean that when a natural
manufacturing and substance allowable error are suggested, such an allowable error corresponds a value or is similar
to the value, and such values are intended for the sake of clear understanding of the present invention or to prevent an
unconscious infringer from illegally using the disclosure of the present invention.
[0036] The present inventors have found an optimal alloy composition having a low Ceq and a low Si content and
efficient for inhibiting surface decarburization and formation of a low-temperature structure to provide a wire rod and a
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steel wire for an ultra-high strength spring having excellent processibility. An ultra-high strength spring may be manu-
factured by cold forming the steel wire disclosed in this specification at room temperature and the steel wire may be
manufactured by drawing the wire rod disclosed in this specification.
[0037] The wire rod for an ultra-high strength spring according to an embodiment of the present disclosure may include,
in percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9% of Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less
of P, 0.01% or less of S, 0.01% or less of Al, 0.005% or less of N, more than 0% and 0.04% or less of Nb, and the
remainder being Fe and unavoidable impurities.
[0038] Hereinafter, reasons for numerical limitations on the contents of elements of the alloy composition will be
described in detail.

Carbon (C): 0.55 to 0.65 wt%

[0039] C is an element added to obtain strength of products. When the C content is less than 0.55%, a target strength
and a low carbon equivalent (Ceq) cannot be obtained. Accordingly, a martensite structure is not completely formed
during cooling, and thus it difficult to obtain strength. Even when the martensite structure is formed, it may be difficult to
obtain the target strength. When the C content exceeds 0.65%, impact resistance may deteriorate and quenching cracks
may occur during water quenching. Therefore, the C content may be controlled from 0.55 to 0.65 wt%.

Silicon (Si): 0.5 to 0.9 wt%

[0040] Si is used for deoxidization of steels and is also effective for enhancing strength via solid solution strengthening.
Si may be added in an amount of 0.5 wt% or more to obtain strength in the present disclosure. However, an excess of
Si may cause surface decarbonization and make it difficult to process materials, and thus an upper limit thereof may be
controlled to 0.9 wt% in consideration thereof. As described above, according to the present disclosure, surface decar-
burization is inhibited and sufficient processibility is obtained using a low Si alloy designed to control the Si content to
0.9 wt% or less.

Manganese (Mn): 0.3 to 0.8 wt%

[0041] Manganese enhances hardenability as an essential element for forming a steel having a high-strength tempered
martensite structure. To obtain strength, manganese may be added in an amount of 0.3 wt% or more in the present
disclosure. However, when the Mn content is excessive in a steel having a tempered martensite structure, toughness
decreases, and therefore an upper limit of the Mn content may be controlled to 0.8 wt%.

Chromium (Cr): 0.3 to 0.6 wt%

[0042] Chromium is effective for enhancing hardenability together with manganese and enhances corrosion resistance
of a steel. Thus, in the present disclosure, chromium may be added in an amount of 0.3 wt% or more. However, because
chromium is a relatively expensive element compared to silicon and manganese and increases the Ceq, an upper limit
of the Cr content may be controlled to 0.6 wt%.

Phosphorus (P): 0.015 wt% or less

[0043] Because phosphorus is an element segregated in grain boundaries to deteriorate toughness and deteriorate
hydrogen delayed fracture resistance, it is desirable to remove P from steel materials as much as possible. Therefore,
an upper limit thereof may be controlled to 0.015 wt%.

Sulfur (S): 0.01 wt% or less

[0044] Like phosphorus, sulfur is segregated in grain boundaries to deteriorate toughness and forms MnS to deteriorate
hydrogen delayed fracture resistance, and thus it is desirable to remove S from steel materials as much as possible.
Therefore, an upper limit of the S content may be controlled to 0.01 wt% in the present disclosure.

Aluminum (Al): 0.01 wt% or less

[0045] Aluminum, as a powerful deoxidizing element, may increase purity by removing oxygen from a steel. However,
addition of Al causes formation of Al2O3, thereby deteriorating fatigue resistance. Therefore, an upper limit of the Al
content may be controlled to 0.01 wt%.
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Nitrogen (N): 0.005 wt% or less

[0046] Nitrogen binds to aluminum or vanadium contained in a steel to form coarse AlN or VN precipitates that are
not melted during heat treatment. Therefore, an upper limit of the N content may be controlled to 0.005%.

Niobium (Nb): more than 0 wt% and 0.04 wt% or less

[0047] Niobium, as an element binding to carbon contained in a steel to form an Nb-based carbide, decreases grain
size, thereby improving processibility. To improve processibility by grain refinement, the Nb content may be greater than
0 wt% in the present disclosure. However, when the Nb content is excessive, a coarse carbide formed thereby may
deteriorate processibility, and thus niobium may be added in an amount of 0.04 wt% or less. More preferably, niobium
may be added in an amount of 0.02 wt% or less to improve processibility.
[0048] The Nb-based carbide formed by adding Nb may be distributed in structures of the wire rod and the steel wire
for an ultra-high strength spring according to the present disclosure. The size of the formed Nb-based carbide may be
20 nm or less. When the size of the formed Nb-based carbide is greater than 20 nm, there is a possibility that processibility
may deteriorate. In addition, it is preferable that the Nb-based carbide is uniformly distributed at a density of 1000
grains/mm2 or more. When the Nb-based carbide is distributed at a density less than 1000 grains/mm2, there may be
a possibility that grains are not sufficiently refined. In the above-described Nb-based carbide, Nb may be contained at
10 at% or more.
[0049] The remaining component of the composition of the present disclosure is iron (Fe). However, the composition
may include unintended impurities inevitably incorporated from raw materials or surrounding environments. In the present
disclosure, those impurities in addition to the above-described alloy components are not excluded. The impurities are
not specifically mentioned in the present disclosure, as they are known to any person skilled in the art of manufacturing.
[0050] In addition, reasons for limitations on the alloy composition of the steel wire are identical to those for limitations
on the alloy composition of the wire rod given above, and thus the reasons for limitations on the alloy composition of the
steel wire will be omitted for descriptive convenience.
[0051] As well as liming the contents of alloying elements of the compositions of the wire rod and the steel wire of the
present disclosure as described above, the relationships therebetween may further be limited as follows.

A value of Formula (1): 0.77 or more and 0.83 or less

[0052] In the present disclosure, the Ceq value is controlled to inhibit surface decarburization and formation of a low-
temperature structure which are easily occurring during cooling after wire rod rolling. The Ceq value may be represented
by Formula (1) below. In the present disclosure, the value of Formula (1) is controlled to 0.77 or more and 0.83 or less
to inhibit surface decarburization and formation of a low-temperature structure.

In Formula (1) above, C, Mn, Cr, and Si represent the content (wt%) of each element.
[0053] When the value of Formula (1) exceeds 0.83, surface decarburization may occur and a low-temperature structure
may be formed. On the contrary, when the value of Formula (1) is less than 0.77, it is difficult to obtain a target strength.
[0054] Hereinafter, a method for manufacturing a wire rod for an ultra-high strength spring according to the present
disclosure will be described in detail. The wire rod for an ultra-high strength spring according to the present disclosure
is manufactured by homogenization heat-treating an ingot having the above-described alloy composition and satisfying
the range of the value of Formula (1), wire rod rolling the ingot, and cooling the wire rod. Hereinafter, each step of the
manufacturing process will be described.
[0055] In the present disclosure, the homogenization heat treating step may be performed in a heating furnace at a
heating temperature of 900 to 1100°C within 180 minutes.
[0056] In the present disclosure, a finish rolling temperature of the wire rod rolling step may be from 730 to Ae3°C. By
performing the finish rolling in a temperature range of 730 to Ae3°C, a main structure of the wire rod is transformed from
austenite into ferrite. In other words, a main structure of the wire rod before finish rolling is austenite and a main structure
of the wire rod after the finish rolling is ferrite.
[0057] In the wire rod rolling step of the present disclosure, grains may be refined by controlling rolling and sufficient
processibility may be obtained by grain refinement. According to an embodiment, a strain of the wire rod rolling may be
from 0.3 to 2.0. In the present disclosure, the strain is represented by the following equation.
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[0058] In the equation above, reduction rate is a value obtained by (A-Ai)/A ∗ 100 wherein A is an area of a cross-
section of a wire rod perpendicular to the longitudinal direction before rolling the wire rod, and A1 is an area of a cross-
section of the wire rod perpendicular to the longitudinal direction after rolling the wire rod.
[0059] When the strain is less than 0.3 during the wire rod rolling, it is difficult to obtain sufficient grain refinement.
When the strain exceeds 2.0, a manufacturing process is not appropriately performing due to too much processing
amount. Therefore, according to the present disclosure, it is preferable to control the strain from 0.3 to 2.0.
[0060] Grain refinement may be obtained by wire rod rolling under the above-described conditions. According to an
embodiment, an average grain size of austenite before finish rolling may be from 5 to 15 mm. Also, by reducing the
average grain size of austenite before the finish rolling, an average grain size of ferrite in a final wire rod structure after
subsequent finish rolling and cooling processes may also be reduced.
[0061] In the present disclosure, the cooling step may be performed by cooling the wire rod at a cooling rate of 3°C/s
or less. When the cooling rate exceeds 3°C/s, it is difficult to inhibit formation of the low-temperature structure.
[0062] The wire rod for an ultra-high strength spring including the above-described alloy composition and manufactured
by the above-described manufacturing method according to an embodiment may include pearlite and ferrite as micro-
structures, e.g., 60% or more of pearlite in an area fraction and the remainder of ferrite according to an embodiment.
[0063] According to the present disclosure, formation of the low-temperature structure may be inhibited by the above-
described alloy composition having a low Ceq and satisfying the range of the value of Formula (1). The wire rod for an
ultra-high strength spring according to an embodiment of the present disclosure may hardly include a low-temperature
structure on the cross-section perpendicular to the longitudinal direction. According to an embodiment, on the cross-
section (cross-section C) perpendicular to the longitudinal direction, a sum of area fractions of bainite and martensite
having a hardness of 400 Hv or more may be 1% or less. Meanwhile, the low-temperature structure refers to bainite
and martensite in the present disclosure. The wire rod for an ultra-high strength spring of the present disclosure may
have sufficient processibility by inhibiting formation of the low-temperature structure.
[0064] According to the present disclosure, the surface decarburization phenomenon may be inhibited by using the
above-described alloy composition having a low Ceq and a low Si content and satisfying the range of the value of Formula
(1). According to an embodiment, a ferrite decarburized layer of the wire rod may have a thickness of 1 mm or less.
[0065] According to the present disclosure, ferrite grains may be reduced in size by using the Nb-based carbide and
controlling rolling. In the wire rod according to an embodiment of the present disclosure, an average grain size of ferrite
may be 10 mm or less. The wire rod for an ultra-high strength spring according to the present disclosure may have
sufficient processibility by grain refinement.
[0066] The wire rod for an ultra-high strength spring according to an embodiment of the present disclosure may have
a tensile strength is 1200 MPa or less.
[0067] A steel wire for an ultra-high strength spring according to an embodiment of the present disclosure includes,
in percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9% of Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less
of P, 0.01% or less of S, 0.01% or less of Al, 0.005% or less of N, more than 0% and 0.04% or less of Nb, and the
remainder being Fe and unavoidable impurities, wherein a value of Formula (1) below is 0.77 or more and 0.83 or less,
and the steel wire includes a tempered martensite in an area fraction of 90% or more.
[0068] Reasons for limitations on the alloy composition of the steel wire and the range of the value of Formula (1) are
identical to those for limitations on the alloy composition of the wire and the range of the value of Formula (1) as described
above, and thus descriptions thereof will be omitted for descriptive convenience.
[0069] Hereinafter, a method for manufacturing a steel wire for an ultra-high strength spring according to the present
disclosure will be described in detail. The steel wire for an ultra-high strength spring according to the present disclosure
is manufactured by drawing a wire rod including the above-described alloy composition and satisfying the range of the
value of Formula (1), heating the wire rod, water quenching the wire rod at a high pressure, tempering the wire rod, and
water quenching the wire rod. Hereinafter, each step of the manufacturing process will be described.
[0070] In the present disclosure, as a method for heating to the quenching temperature and a method for tempering,
induction heat treatment is used such that the rapidly heated surface is sufficiently hardened during a subsequent water
quenching. According to the present disclosure, a target ultra-high strength may be obtained by using the above-described
alloy composition having a low Ceq and a low Si content and satisfying the range of the value of Formula (1) via induction
heat treatment and water quenching while reducing the contents of alloying elements, compared to suspension springs
for automobiles.
[0071] The drawing step of the present disclosure may be performed by drawing the wire rod including the above-
described alloy composition and satisfying the range of the value of Formula (1) to a wire diameter of 15 mm or less
applicable to suspension springs of motorcycles.
[0072] Then, in the heating step for QT heat treatment may be performed by heating the drawn steel wire to a quenching
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temperature of 900 to 1000°C within 10 seconds and maintaining the temperature for 5 to 60 seconds, thereby trans-
forming the structure of the steel wire into austenite. When the heating time to the target temperature of 900 to 1000°C
exceeds 10 seconds, it is difficult to obtain desired physical properties since grains grow. When the maintaining time is
less than 5 seconds, the pearlite structure may not be transformed into austenite. When the maintaining time exceeds
60 seconds, coarse grains may be formed. Therefore, it is preferable to control the maintaining time from 5 to 60 seconds.
[0073] Also, as a result of rapidly heating the drawn steel wire by induction heating, the average grain size of austenite
of the austenized steel wire may be reduced to 10 mm or less. In this step, as a results of controlling grains of austenite
to be fine, grains of the final steel wire for an ultra-high strength spring that are manufactured by subsequent water
quenching at a high pressure, tempering, and water quenching may also be controlled to be fine. Accordingly, the steel
wire for an ultra-high strength spring according to the present disclosure has excellent processability due to fine grains
and may be manufactured into suspension springs of motorcycles as being cold-formed at room temperature.
[0074] In the present disclosure, the water quenching step performed at a high pressure is a step of transforming the
main structure of the steel wire from austenite into martensite and may be performed at a high pressure enough to
removing a boiling film of the austenitized steel wire in the previous step. In this case, when oil quenching is performed
instead of the water quenching, the target strength cannot be obtained due to a low Ceq and a low Si content. In addition,
unless the high pressure enough to remove the boiling film is used during water quenching, the probability of occurrence
of quenching cracks increases, and thus it is preferable to perform water quenching at a temperature as high as possible.
In addition, the surface of the steel wire may be sufficiently hardened by rapidly cooling using water in this step after
induction heating to the quenching temperature in the above-described heating step. The cooling rate according to an
embodiment during the water quenching may be 100°C/s or more.
[0075] In the present disclosure, the tempering step is a step of heating martensite, as a main structure of the water-
quenched steel wire, into a tampered martensite. The tempering step may be performed by heating the wire rod to a
temperature of 400 to 500°C within 10 seconds and maintaining the temperature for 30 seconds. When the tempering
temperature is less than 400°C, toughness cannot be obtained so that processibility deteriorates and the risk of damage
to products increases. When the tempering temperature exceeds 500°C, strength may deteriorate. Therefore, the tem-
pering temperature is controlled to the above-described temperature range. In addition, when the heating to the above-
described temperature range is not performed within 10 seconds during tempering, coarse carbides are formed, thereby
deteriorating toughness. Thus, it is preferable to rapidly heat within 10 seconds.
[0076] Then, the tempered steel wire is water-quenched to room temperature.
[0077] The steel wire for springs including the above-described alloy composition, satisfying the range of the value of
Formula (1), and manufactured under the above-described manufacturing conditions, may include a tempered martensite
in an area fraction of 90% or more.
[0078] In addition, in the steel wire for an ultra-high strength spring according to an embodiment of the present dis-
closure, an Nb-based carbide having a size of 20 nm or less may be distributed at a density of 1000 grains/mm2 or more.
[0079] In addition, in the steel wire for an ultra-high strength spring according to an embodiment of the present dis-
closure, an average grain size of spherical austenite may be 10 mm or less. In this regard, the spherical austenite refers
to an austenite structure of the steel wire after the step of heating the drawn steel wire of the present disclosure for QT
heat treatment.
[0080] In addition, the steel wire for an ultra-high strength spring according to an embodiment of the present disclosure
has a wire diameter of 15 mm or less, which is suitable for a steel wire for suspension springs for motorcycles.
[0081] In addition, the steel wire for an ultra-high strength spring according to an embodiment of the present disclosure
may have a strength of 1700 MPa or more, which is an ultra-high strength required for suspension springs of motorcycles.
[0082] In addition, the steel wire for an ultra-high strength spring according to an embodiment of the present disclosure
may have a reduction in area (RA) of 35% or more, which is high ductility, and thus may be manufactured into suspension
spring of motorcycles by cold-rolling at room temperature. According to the present disclosure, austenite grains may be
reduced in size before finish rolling of the wire rod rolling by adding Nb and thus the reduction in area (RA) may further
be increased. The steel wire for an ultra-high strength spring according to an embodiment of the present disclosure may
have a reduction in area (RA) of 45% or more.
[0083] Hereinafter, the present disclosure will be described in more detail through examples. However, it is necessary
to note that the following examples are only intended to illustrate the present disclosure in more detail and are not
intended to limit the scope of the present disclosure. This is because the scope of the present disclosure is determined
by matters described in the claims and able to be reasonably inferred therefrom.

Examples

[0084] Materials including alloy compositions shown in Table 1 were cast to an ingot, homogenization heat-treated at
1100°C, wire rod-rolled to a final thickness of 12 mm while lowering the temperature from 1030°C to 750°C, and cooled
at a cooling rate of 3°C/s, thereby preparing a wire rod.
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[0085] The results of Table 2 below show physical properties of wire rods prepared according to the above-described
process. The area fraction of the low-temperature structure of Table 2 indicates a sum of area fractions of bainite and
martensite on the cross-section of the wire rod perpendicular to the longitudinal direction.
[0086] The AGS of Table 2 refers to an average grain size of austenite before finish rolling during the wire rod rolling
step and was measured according to the ASTM E112 standard.
[0087] The thickness of the ferrite decarburized layer indicates a thickness of a layer formed only of ferrite on the
surface of a steel after the wire rod rolling by decarburization, and the thickness of the total decarburized layer is measured
a vertical distance from the surface of the decarburized layer to a point where a concentration of carbon is the same as
that of carbon of a matrix.

[0088] The wire rod of Table 2 was drawn to a steel wire having a diameter of 10 mm, heated, and water-quenched
at a high pressure. After the high-pressure water quenching, the steel wire was tempered and water-quenched to prepare
a final steel wire for an ultra-high strength spring. The heating temperature in Table 3 indicates a temperature at which
the steel wire was heated after drawing, and the tempering temperature indicates a temperature at which the steel wire
is tempered after the high-pressure water quenching. RA represents a reduction in area.

Table 1

Alloying element (wt%)

C Si Mn Cr P S Al N Nb

Comparative Example 1 0.60 1.50 0.60 0.40 0.011 0.004 <0.003 <0.005 -

Comparative Example 2 0.45 0.80 0.80 0.60 0.01 0.005 <0.003 <0.005 -

Comparative Example 3 0.60 0.80 0.60 0.40 0.01 0.004 <0.003 <0.005 -

Inventive Example 1 0.60 0.80 0.60 0.40 0.009 0.005 <0.003 <0.005 0.02

Inventive Example 2 0.60 0.60 0.30 0.60 0.011 0.005 <0.003 <0.005 0.02

Table 2

Example
Formu 
la (1)

Area fraction of 
low-temperature 

structure (%)

AGS 
(mm)

Hard 
ness 
(Hv)

Tensile 
strength 
(MPa)

Thickness of 
ferrite decarburiz 

ed layer (mm)

Thickness of 
total decarburiz 
ed layer (mm)

Comparative 
Example 1

0.803 0 15 318 1030 22 60.2

Comparative 
Example2

0.737 0 19 235 762 - 22.8

Comparative 
Example 3

0.813 0 18 290 942 - 25.1

Inventive 
Example 1

0.813 0 8 291 950 - 30.1

Inventive 
Example 2

0.795 0 7 288 930 - 15.2

Table 3

Example
Formul a 

(1)
Heating temperatur 

e (°C)
Tempering 

temperature (°C)
Hardness 

(Hv)
RA 
(%)

Tensile 
strength 
(MPa)

Comparative 
Example 1

0.803 950 430 573 47 1920

Comparative 
Example 2

0.737 950 430 498 43 1670
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[0089] Referring to Tables 1 to 3, because Inventive Examples 1 and 2 satisfied the alloy composition, the value of
Formula (1), and the manufacturing conditions according to the present disclosure, formation of a low-temperature
structure and a ferrite decarburized layer was inhibited in the wire rod, and grain refinement of austenite was obtained
before finish rolling during the wire rod rolling by adding Nb. In addition, as shown in Table 3, the tensile strength was
1700 MPa or more and the reduction in area was 35% or more. On the contrary, in Comparative Example 1, a thick
ferrite decarburized layer was formed due to the high Si content. In Comparative Example 2, a target strength of 1700
MPa or more could not be obtained because the value of Formula (1) was lower than 0.77. In Comparative Example 3,
a desired average grain size of austenite could not be obtained due to coursing of grains because Nb was not added
thereto. Accordingly, the reduction in area (RA) was lower than the materials to which Nb was added.
[0090] While the present disclosure has been particularly described with reference to exemplary embodiments, it
should be understood by those of skilled in the art that various changes in form and details may be made without departing
from the spirit and scope of the present disclosure.

[Industrial Applicability]

[0091] The wire rod for an ultra-high strength spring according to the present disclosure may be applicable to suspension
springs of various means of transportation such as automobiles and motorcycles or to springs used in various industrial
fields.

Claims

1. A wire rod for an ultra-high strength spring comprising, in percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9%
of Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less of P, 0.01% or less of S, 0.01% or less of Al, 0.005% or
less ofN, more than 0% and 0.04% or less of Nb, and the remainder being Fe and unavoidable impurities, and
satisfying a value of Formula (1) below being 0.77 or more and 0.83 or less: 

(wherein in Formula (1), C, Mn, Cr, and Si represent the content (wt%) of each element).

2. The wire rod according to claim 1, wherein, on a cross-section perpendicular to a longitudinal direction, a sum of
area fractions of bainite and martensite having a hardness is 400 Hv or more is 1% or less.

3. The wire rod according to claim 1, wherein a ferrite decarburized layer has a thickness of 1 mm or less.

4. The wire rod according to claim 1, wherein an average grain size of ferrite is 10 mm or less.

5. The wire rod according to claim 1, wherein an Nb-based carbide having a size of 20 nm or less is distributed at a
density of 1000 grains/mm2 or more.

6. The wire rod according to claim 1, wherein a tensile strength is 1200 MPa or less.

(continued)

Example Formul a 
(1)

Heating temperatur 
e (°C)

Tempering 
temperature (°C)

Hardness 
(Hv)

RA 
(%)

Tensile 
strength 
(MPa)

Comparative 
Example 3 0.813 950 430 545 40 1815

Inventive 
Example 1 0.813 950 430 550 45 1820

Inventive 
Example 2 0.795 950 430 540 47 1800
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7. A method for manufacturing a wire rod for an ultra-high strength spring, the method comprising:

homogenization heat-treating an ingot including, in percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9%
of Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less of P, 0.01% or less of S, 0.01% or less of Al, 0.005%
or less of N, more than 0% and 0.04% or less of Nb, and the remainder being Fe and unavoidable impurities,
and satisfying a value of Formula (1) below being 0.77 or more and 0.83 or less, at a heating temperature of
900 to 1100°C within 180 minutes;
wire rod rolling the ingot at a finish rolling temperature of 730 to Ae3°C; and
cooling the wire rod at a cooling rate of 3°C/s or less: 

(wherein in Formula (1), C, Mn, Cr, and Si represent the content (wt%) of each element).

8. The method according to claim 7, wherein a strain in the wire rod rolling is from 0.3 to 2.0.

9. The method according to claim 7, wherein an average grain size of austenite before finish rolling in the wire rod
rolling is from 5 to 15 mm.

10. A steel wire for an ultra-high strength spring comprising, in percent by weight (wt%), 0.55 to 0.65% of C, 0.5 to 0.9%
of Si, 0.3 to 0.8% of Mn, 0.3 to 0.6% of Cr, 0.015% or less of P, 0.01% or less of S, 0.01% or less of Al, 0.005% or
less ofN, more than 0% and 0.04% or less of Nb, and the remainder being Fe and unavoidable impurities, and
satisfying a value of Formula (1) below being 0.77 or more and 0.83 or less,

wherein the steel wire comprises a tempered martensite in an area fraction of 90% or more: 

(wherein in Formula (1), C, Mn, Cr, and Si represent the content (wt%) of each element).

11.  The steel wire according to claim 10, wherein an Nb-based carbide having a size of 20 nm or less is distributed at
a density of 1000 grains/mm2 or more.

12. The steel wire according to claim 10, wherein an average grain size of spherical austenite is 10 mm or less.

13. The steel wire according to claim 10, wherein a wire diameter is 15 mm or less.

14. The steel wire according to claim 10, wherein a strength is 1700 MPa or more.

15. The steel wire according to claim 10, wherein a reduction in area is 35% or more.
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