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Description

Technical Field

[0001] The present disclosure relates to an ultra-high strength steel sheet and a method for manufacturing the same,
and more particularly, to an ultra-high strength steel sheet having both excellent elongation and an excellent hole
expansion ratio and a method for manufacturing the same.

Background Art

[0002] Recently, in the automotive field, research to reduce a vehicle body weight has actively been in progress due to
fuel efficiency regulations and performance improvements in advanced countries, led by Europe, and in the case of steel
automobile parts, efforts such as increasing strength and further decreasing a steel sheet thickness are being made at the
same level as competitive materials (such as Mg, Al, and CFRP) in order to correspond to the demand for weight
reductions of the automobile companies. Along with weight reductions, there is a trend requiring stability and higher
strength of a vehicle body material, due to strengthening safety regulations for car passenger and pedestrians due to
strengthening CO2 emission regulations and rapid change to the electric vehicle era. In particular, demand for high-
strength steel material of a 980 to 1180 MPa or higher grade is increased, but since a steel material of a 980 MPa grade
should have high elongation for being molded into a complicated shape in order to be used as a member for absorbing
collision energy and should not cause rupture against axial deformation, it also needs to have an excellent hole expansion
ratio. The structural member is required to have high yield strength and a high hole expansion ratio in order to favor impact
energy absorption.
[0003] As a representative manufacturing method for increasing yield strength, water cooling may be used during
continuous annealing. As a representative conventional technology thereof, Patent Document 1 is a technology relating to
manufacturing of a steel material having a martensite volume ratio of 80 to 97% and a remainder of ferrite, by continuously
annealing a steel material having 0.18 to 0.3% or carbon, cooling the steel material with water, and then overaging the steel
material at a temperature of 120 to 300°C for 1 to 15 minutes. A cold rolled steel sheet may be formed into an ultra-high
strength steel by a tempering method after two-phase or single-phase region annealing and then quenching to room
temperature, and when it is manufactured it this way, it may have excellent yield strength and hole expansion ratio, but has
deteriorated coil shape quality by temperature deviation in the width and length directions, and may cause problems such
as poor material and poor workability depending on the area during roll forming part processing.
[0004] In addition, generally, as the strength of a steel sheet is increased, the elongation thereof is decreased to
deteriorate molding workability, and thus, has limited application as a material for cold stamping. In order to mold a steel
material having a complicated shape, its elongation should be basically high, and as a representative method for
increasing the elongation, when ferrite is introduced a lot for further securing elongation in addition to residual austenite,
as in Patent Document 2, yield strength and hole expansion ratio may be poor.
[0005] Therefore, in order to solve the problems described above, development of an ultra-high strength cold rolled steel
sheet having both excellent elongation and hole expansion ratio and also an excellent tensile strength of 980 MPa or more
is demanded.

[Related Art Document]

[0006]

(Patent Document 1) Japanese Patent Laid-open Publication No. 1992‑289120 (published on October 14, 1992)
(Patent Document 2) Japanese Patent Laid-open Publication No. 2004‑211157 (published on July 29, 2004)

Summary of Invention

Technical Problem

[0007] An aspect of the present disclosure is to provide an ultra-high strength steel sheet having both excellent
elongation and hole expansion ratio and a method for manufacturing the same.
[0008] An object of the present disclosure is not limited to the above description. A person skilled in the art will have no
difficulty in understanding of further objects of the present disclosure from the overall descriptions of the present
specification.
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Solution to Problem

[0009] According to an aspect of the present disclosure, a steel sheet comprises, by weight%: 0.15 to 0.25% of carbon
(C), 1.5 to 2.5% of manganese (Mn), 1.0 to 2.0% of silicon (Si), 0.1% or less of phosphorus (P), 0.03% or less of sulfur (S),
and 0.01 to 0.1% of aluminum (Al) with a remainder of iron (Fe) and other unavoidable impurities,
wherein the steel sheet comprises 5 to 50% by area of ferrite, 35 to 80% by area of a sum of tempered martensite and
bainite, 7 to 15% by area of residual austenite, and 10% by area or less of fresh martensite, as a microstructure.
[0010] The steel sheet may further comprise 0.03% or less of antimony (Sb).
[0011] The steel sheet may have a sum of chromium (Cr) and molybdenum (Mo) contents of 0.01% or less.
[0012] The steel sheet may have an A value of 40 or less and a B value of 12 or more, A and B being defined by the
following Relation 1:

[0013] wherein [U] is a phase fraction value having an IQ value of 40,000 or less, [X] is a phase fraction value having an
IQ value of 40,000 to 70,000, [Y] is a maximum phase fraction value having an IQ value of 40,000 or less, [Z] is a maximum
phase fraction value having an IQ value of 40,000 to 70,000, and these are based on an Image Quality (IQ) Chart (35 bar
graphs) obtained from EBSD measurement.
[0014] The steel sheet may have a tensile strength of 980 MPa or more and a R value defined by the following Relation 2
of 30,000 to 60,000 MPa·%:

wherein [YS] is yield strength (MPa), [Total-El] is total elongation (%), and [HER] is a hole expansion ratio (%).
[0015] The steel sheet may have a yield strength of 600 MPa or more, an elongation of 21% or more, and a hole
expansion ratio (HER) of 20% or more.
[0016] According to another aspect of the present disclosure, a method for manufacturing a steel sheet comprises:
preparing a cold rolled steel sheet comprising, by weight%: 0.15 to 0.25% of carbon (C), 1.5 to 2.5% of manganese (Mn),
1.0 to 2.0% of silicon (Si), 0.1% or less of phosphorus (P), 0.03% or less of sulfur (S), and 0.01 to 0.1% of aluminum (Al) with
a remainder of iron (Fe) and other unavoidable impurities;

performing an annealing heat treatment by heating the cold rolled steel sheet to a temperature range of 780°C to Ac3
and maintaining the temperature for 30 seconds or more;
first cooling the annealing heat-treated steel sheet to a temperature range of 630 to 750°C at an average cooling rate of
1 to 10°C/s;
second cooling the first cooled steel sheet to a temperature range of 180°C to Ms at an average cooling rate of 30 to
80°C/s; and
performing reheating and overaging by heating the second cooled steel sheet to a temperature range of Ms‑50 to
450°C and maintaining the temperature for 1 to 30 minutes:

Ac3 = 910-203√([C])‑ 15.2[Ni]+44.7[Si]+104[V]+31.5[Mo]+13.1[W] [Equation]

wherein [C], [Ni], [Si], [V], [Mo], and [W] are wt% of each element,
Ms = 539‑423[C]‑30.4[Mn]‑7.5[Si]+30[Al]‑12.1[Cr]‑17.7[Ni]‑7.5[Mo]
wherein [C], [Mn], [Si], [Al], [Cr], [Ni], and [Mo] are wt% of each element.
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[0017] The cold rolled steel sheet may further comprise 0.03% or less of antimony (Sb).
[0018] The cold rolled steel sheet may have a sum of chromium (Cr) and molybdenum (Mo) contents of 0.01% or less.
[0019] The preparing of a cold rolled steel sheet may include:

reheating a steel slab in a temperature range of 1100 to 1300°C;
hot rolling the reheated slab to a finish hot rolling temperature of Ar3 or higher to obtain a hot rolled steel sheet;
cooling the hot rolled steel sheet to a temperature of 700°C or lower and winding the steel sheet; and
cold rolling the wound hot rolled steel sheet at a cold reduction rate of 30 to 80%.

[0020] In the first cooling, the average cooling rate may be 2 to 5°C/s, and
in the second cooling, the average cooling rate may be 30 to 60°C/s.

Advantageous Effects of Invention

[0021] As set forth above, according to an exemplary embodiment in the present disclosure, a steel sheet having
excellent elongation and hole expansion ratio and also having excellent strength and a method for manufacturing the same
may be provided.

Brief Description of Drawings

[0022] FIG. 1 shows (a) EBSD IQ chart and (b) EBSD IQ + Phase map of Inventive Example 2.

Best Mode for Invention

[0023] Hereinafter, preferred exemplary embodiments of the present disclosure will be described. The exemplary
embodiments of the present disclosure may be modified in various forms, and the scope of the disclosure should not be
interpreted to be limited to the exemplary embodiments set forth below. These exemplary embodiments are provided in
order to describe the present disclosure in more detail to those with ordinary skill in the art to which the present disclosure
pertains.
[0024] In the present disclosure, it was confirmed that all of elongation, hole expansion ratio, and strength may be
secured simultaneously by controlling the content ranges of the component elements such as C, Mn, Si, P, and S as an
alloy composition, and controlling particularly the conditions of heat treatment, first cooling, second cooling, reheating, and
overaging among the manufacturing process conditions. As a result, the present disclosure has been completed.
[0025] Hereinafter, the present disclosure will be described in detail.
[0026] Hereinafter, the steel composition of the present disclosure will be described in detail.
[0027] Unless otherwise particularly mentioned in the present disclosure, % indicating the content of each element is
based on the weight.
[0028] A steel according to an aspect of the present disclosure may comprise, by weight%: 0.15 to 0.25% of carbon (C),
1.5 to 2.5% of manganese (Mn), 1.0 to 2.0% of silicon (Si), 0.1% or less of phosphorus (P), 0.03% or less of sulfur (S), and
0.01 to 0.1% of aluminum (Al) with a remainder of iron (Fe) and other unavoidable impurities.

Carbon (C): 0.15 to 0.25%

[0029] Carbon (C) is an interstitial solid solution element, the most effective and important element for improving steel
strength, and an element which should be necessarily added for securing martensite steel strength. In order to obtain an
ultra-high strength steel satisfying the yield strength and the tensile strength targeted in the present disclosure, it is
preferable add 0.15% or more, more preferably 0.18% or more, and still more preferably 0.2% or more of carbon (C).
However, when the content is more than 0.25%, martensite is excessively formed during cooling due to increased
hardenability, so that strength may be rapidly increased to deteriorate elongation. In addition, since an increase in carbon
(C) content impairs weldability, it is preferred that the upper limit is limited to 0.25%. The upper limit may be more preferably
0.24%.

Manganese (Mn): 1.5 to 2.5%

[0030] Manganese (Mn) is an element added for securing strength. When the content of manganese (Mn) is less than
1.5%, it may be difficult to secure the level of strength required in the present disclosure. The lower limit of the manganese
(Mn) content may be more preferably 1.8%, and still more preferably 2.0%. However, when the content is more than 2.5%,
a Ms temperature is lowered duringcooling after annealing, so that it may be difficult to securean initial martensite structure
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well. Thus, it may be difficult to secure all of strength, elongation, and hole expansion ratio targeted in the present
disclosure simultaneously, due to a decrease in a tempered martensite fraction in a quenching % partitioning (Q&P)
process. In addition, since manganese is segregated in the thickness direction and a manganese (Mn) band is easily
formed in a slab, there may be a problem of increasing occurrence of defects during a rolling process along with soft cast
cracks. More preferably, the upper limit of the Manganese (Mn) content may be 2.4%.

Silicon (Si): 1.0 to 2.0%

[0031] Silicon (Si) is a key element of a transformation induced plasticity (TRIP) steel which acts to increase a residual
austenite fraction and elongation, by inhibiting precipitation of cementite. When the content of silicon (Si) is less than 1.0%,
precipitation of cementite in reheating and overaging is not controlled well, and thus, a finally formed residual austenite
fraction may be small or stability may be low, so that final elongation may be poor. The lower limit of the silicon (Si) content
may be more preferably 1.2%. However, when the content of silicon (Si) is more than 2.0%, the physical properties of a
welding area is deteriorated due to formation of liquid metal embrittlement (LME) cracks, and the surface characteristics
and platability are deteriorated. The upper limit of the silicon (Si) content may be more preferably 1.8%.

Phosphorus (P): 0.1% or less

[0032] Phosphorus (P) is an impurity element included in steel and 0% is excluded considering the case of unavoidably
including the element during a manufacturing process. Meanwhile, when the content of phosphorus (P) is more than 0.1%,
weldability is deteriorated and brittleness of steel may occur, and thus, the upper limit may be limited to 0.1%. The upper
limit may be more preferably 0.03%.

Sulfur (S): 0.03% or less

[0033] Sulfur (S) is an impurity which is unavoidably included in steel, like P, and since it is an element to deteriorate
ductility and weldability of a steel sheet, it is preferable manage the content as low as possible. Therefore, in the present
disclosure, the content of sulfur (S) may be limited to 0.03% or less. More preferably, it may be limited to 0.005% or less.
Meanwhile, 0% is excluded considering the case of unavoidably including the element during a manufacturing process.

Aluminum (Al): 0.01 to 0.1%

[0034] Aluminum (Al) may be added for removing oxygen in molten steel, and is an element which is effective for
stabilizing residual austenite by suppressing precipitation of cementite in the reheating and overaging to stabilize, like Si.
When the content of aluminum (Al) is less than 0.01%, a steel material is not sufficiently deoxidized and cleanliness of a
steel material may be damaged. However, when the content of aluminum (Al) is more than 0.1%, castability of a slab is
deteriorated and also a temperature required for heating a single phase region during annealing is raised, which may
cause production and facility problems. More preferably, it may be limited to 0.05% or less.
[0035] The steel of the present disclosure may include a remainder of iron (Fe) and unavoidable impurities, in addition to
the composition described above. Since the unavoidable impurities may be incorporated unintentionally in a common
manufacturing process, they may not be excluded. Since these impurities are known to any person skilled in the common
steel manufacturing field, the entire contents are not particularly mentioned in the present specification.
[0036] The steel according to an aspect of the present disclosure may further comprise 0.03% or less of antimony (Sb).

Antimony (Sb): 0.03% or less

[0037] Antimony (Sb) is distributed in a crystal grain boundary and delays the diffusion of oxidative elements such as Mn,
Si, and Al through the crystal grain boundary, thereby suppressing oxide concentration on the surface. In addition, it has an
excellent effect in suppressing coarsening of a surface concentrate due to a temperature rise and changes in a hot rolling
process. However, when the content of antimony (Sb) is more than 0.03%, the effects described above are saturated,
manufacturing costs are increased, and workability is deteriorated. Therefore, the antimony (Sb) may be added at 0.03%
or less, and in some cases, may not be added. Since the antimony (Sb) may be grain boundary segregated and adversely
affect the strength of the welding area, when it needs to be applied to a member in which welding characteristics are
important as compared with other materials, the antimony (Sb) may not be added.
[0038] The steel according to an aspect of the present disclosure may have the sum of the contents of chromium (Cr) and
molybdenum (Mo) of 0.01% or less.
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Chromium (Cr) and molybdenum (Mo): 0.01% or less

[0039] Chromium (Cr) and molybdenum (Mo) are representative elements which may improve hardenability, but in the
present disclosure, since a balance among strength, elongation, hole expansion ratio is important and the steel has a
tensile strength grade of 980 MPa, the elements do not need to be added for the purpose of facilitating martensite formation
by improving hardenability. When these elements are added, ferroalloy costs are increased, and thus, it is preferred in the
present disclosure that chromium (Cr) and molybdenum (Mo) are not added for a special purpose. Therefore, in the
present disclosure, the sum of the contents may be limited to 0.01% or less. Meanwhile, the lower limit may be 0.003%,
considering the case of unavoidably including the elements during a manufacturing process.
[0040] Hereinafter, the steel microstructure of the present disclosure will be described in detail.
[0041] Unless otherwise particularly mentioned in the present disclosure, % indicating the fraction of the microstructure
is based on the area.
[0042] The steel according to an aspect of the present disclosure may comprise: 5 to 50% by area of ferrite, 35 to 80% by
area of a sum of tempered martensite and bainite, 7 to 15% by area of residual austenite, and 10% by area or less of fresh
martensite, as a microstructure.
[0043] In the present disclosure 5% or more of ferrite may be comprised for improving elongation, and in order to secure
both strength of a yield strength of 600 MPa or more and a hole expansion ratio of 20% or more, 35% or more of a sum of
tempered martensite and bainite may be comprised. However, when more than 50% of ferrite is comprised, it may be
difficult to secure the strength and hole expansion ratio to be desired in the present disclosure, and when the sum of the
tempered martensite and bainite fractions is more than 80%, elongation may be insufficient. In the present disclosure, the
ferrite fraction may be more preferably 10% or more. The sum of tempered martensite and bainite fractions may be more
preferably 75% or less, and still more preferably 70% or less.
[0044] By securing the tempered martensite and bainite fractions, 7 to 15% of residual austenite which is stable at room
temperature may be finally included. Herein, when the residual austenite fraction is less than 7%, it may be difficult to
secure the elongation level to be desired in the present disclosure. However, when the fraction is more than 15%, the safety
of the residual austenite is insufficient, and it may be also difficult to secure the elongation to be desired.
[0045] In addition, in the present disclosure, 10% or less of fresh martensite may be comprised for a steel material having
strength, elongation, and hole expansion ratio which are all excellent.
[0046] The steel according to an aspect of the present disclosure may have an A value of 40 or less and a B value of 12 or
more, A and B being defined by the following Relation 1.
[0047] In the present disclosure, in addition to define each microstructure fraction, in order to further control relationship
according to the fraction of the microstructure more strictly, the following Relation1 is suggested based on the EBSD Image
Quality (IQ) value. By defining the phase fraction ratio depending on the IQ value, it may be more favorable to secure the
microstructure and the physical properties to be desired in the present disclosure. In the present disclosure, as shown in
the following Relation 1, in the IQ chart using 35 bar graphs, a ratio between a phase fraction value of 40,000 or less and
40,000 to 70,000 and a maximum phase fraction value of 40,000 or less and 40,000 to 70,000 may show a relative ratio of
the microstructure fraction.
[0048] When the Avalue defined by the following Relation 1 is more than 40, it means that a final fresh martensite fraction
is higher than the bainite and tempered martensite fractions which are the key structure, which may cause problems such
as a decrease in final yield strength, an increase in tensile strength, and inferior hole expansion ratio. It may be more
preferably 38 or less, and still more preferably 35 or less. In addition, the lower limit may be more preferably 1. In addition,
when the B value is less than 12, a final fresh martensite structure is strongly formed though the A value is good, which may
also cause the problems mentioned above. It may be more preferably 13 or more, and still more preferably 15 or more. In
addition, the upper limit may be more preferably 50.

[0049] wherein [U] is a phase fraction value having an IQ value of 40,000 or less, [X] is a phase fraction value having an
IQ value of 40,000 to 70,000, [Y] is a maximum phase fraction value having an IQ value of 40,000 or less, [Z] is a maximum
phase fraction value having an IQ value of 40,000 to 70,000, and these are based on an Image Quality (IQ) Chart (35 bar
graphs) obtained from EBSD measurement.
[0050] Hereinafter, the method for manufacturing steel of the present disclosure will be described in detail.
[0051] The steel according to an aspect of the present disclosure may be manufactured by heat treatment, first cooling,
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second cooling, reheating, and overaging of a cold rolled steel sheet satisfying the alloy composition described above, and
the cold rolled steel sheet may be manufactured by reheating, hot rolling, winding, and cold rolling of a steel slab.

Reheating

[0052] A slab satisfying the alloy composition of the present disclosure may be reheated in a temperature range of 1100
to 1300°C.
[0053] The reheating process may be performed for performing a subsequent hot rolling process well and sufficiently
obtaining the target physical properties of the steel sheet. When a reheating temperature is lower than 1100°C, a problem
of rapidly increased hot rolling load may occur. However, when the temperature is higher than 1300°C, a surface scale
amount is excessively increased to deteriorate the yield of a material.

Hot rolling

[0054] The reheated slab may be hot rolled to a finish hot rolling temperature of Ar3 or higher to obtain a hot rolled steel.
[0055] When the finish hot rolling temperature is lower than Ar3 (temperature at which austenite begins to transform into
ferrite during cooling), rolling in a two-phase region of ferrite+austenite or ferrite region may be performed to form a mixed
grain structure, and malfunction due to variation in a hot rolling load may be concerned.

Cooling and winding

[0056] The hot rolled steel sheet may be cooled and wound to a temperature of 700°C or lower.
[0057] When a winding temperature is higher than 700°C, an oxide film on the surface of a steel sheet may be
excessively produced to cause defects. As the winding temperature is lower, strength of a hot rolled steel sheet is
increased and a rolling load of cold rolling which is a subsequent process may be increased, but which is not a factor
making actual production impossible, and the lower limit of the winding temperature is not limited in the present disclosure.
In the present disclosure, an oxide layer formed on the surface of a steel sheet may be removed by pickling.

Cold rolling

[0058] The wound steel sheet may be cold rolled to a cold reduction rate of 30 to 80%.
[0059] When the cold reduction rate is less than 30%, it is difficult to secure a target steel sheet thickness, and austenite
production and final physical properties may be affected during an annealing heat treatment due to remaining hot rolled
crystal grains. Meanwhile, when the reduction rate is more than 80%, material deviation of a final steel sheet may occurdue
to non-uniformity of a reduction amount rolled in the length and width directions from work hardening occurring during cold
rolling, and it may be difficult to secure a target thickness due to a rolling load.

Annealing heat treatment

[0060] The cold rolled steel sheet may be subjected to an annealing heat treatment of heating to a two-phase region
temperature range of 780°C to Ac3 and maintaining for 30 seconds or more.
[0061] During the heat treatment, when the steel sheet is heated to a temperature range of 780°C or higher and Ac3 or
less, the elongation targeted in the present disclosure may be secured, and annealed ferrite may be partially formed in
addition to residual austenite. The temperature range may be more preferably 800°C or higher, and still more preferably
880°C or lower.

Ac3 = 910-203√([C])‑ 15.2[Ni]+44.7[Si]+104[V]+31.5[Mo]+13.1[W] [Equation]

wherein [C], [Ni], [Si], [V], [Mo], and [W] are wt% of each element.

First cooling

[0062] The heat treated steel sheet may be first cooled to a temperature range of 630 to 750°C at an average cooling rate
of 1 to 10°C/s.
[0063] During the first cooling, when the average cooling rate is less than 1°C/s, it may be difficult to secure targeted
strength due to production of ferrite. However, when the cooling rate is more than 10°C/s, the average cooling rate is
lowered during second cooling, and it may be difficult to secure a sufficient martensite fraction. This soon leads to a
decrease in a tempered martensite fraction, and it may be difficult to secure both the strength and the hole expansion ratio
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to be desired in the present disclosure. The lower limit of the average cooling rate may be more preferably 2°C/s, and the
upper limit of the average cooling rate may be more preferably 5°C/s.
[0064] During the first cooling, when the cooling temperature is lower than 630°C, phases such as ferrite and bainite are
formed so that strength may be lowered. However, when the temperature is higher than 750°C, there may be a problem in
an actual production line.

Second cooling

[0065] The first cooled steel sheet may be second cooled to a temperature range of 180°C to Ms at an average cooling
rate of 30 to 80°C/s.
[0066] In order to secure the physical properties to be desired in the present disclosure, a tempered martensite structure
should be secured. In order to secure the tempered martensite structure to a desired level, the steel sheet needs to be
cooled to a temperature range between a martensite transformation starting temperature (Ms) and a martensite
transformation finish temperature (Mf) during the second cooling, after the first cooling. In the present disclosure, it is
preferable cool to a temperature of 180°C to Ms.
[0067] When a second cooling temperature is lower than 180°C, a tempered martensite fraction is excessively
increased and the residual austenite fraction may be finally decreased to deteriorate elongation. Meanwhile, when
the temperature is higher than Ms, it is difficult to form a tempered martensite structure and it may be difficult to secure
strength and a hole expansion ratio to be desired.
[0068] When the average cooling rate is less than 30°C/s during the second cooling, a bainite structure may be partially
formed during the second cooling from a first cooling section, but when the average cooling rate is more than 80°C/s, a
shape on the surface of the steel sheet may be deteriorated due to a rapid martensite transformation rate at the time of
second cooling, and a problem in material deviation in the width direction may occur. The upper limit may be more
preferably 60°C/s.

Ms = 539-423[C]-30.4[Mn]-7.5[Si]+30[Al]-12.1[Cr]‑ 17.7[Ni]-7.5[Mo] [Equation]

wherein [C], [Mn], [Si], [Al], [Cr], [Ni], and [Mo] are wt% of each element.

Reheating and overaging

[0069] Reheating and overaging of heating the second cooled steel sheet to a temperature range of Ms‑50 to 450°C and
maintaining the temperature for 1 to 30 minutes may be performed.
[0070] In the present disclosure, martensite formed during the second cooling which has high dislocation density and is
hard is changed to tempered martensite through the reheating and the overaging, thereby improving toughness. In
addition, concentration of C into residual austenite remaining from annealing occurs through securing a sufficient amount
of tempered martensite and bainite transformation (partitioning). In this process, a transformation starting temperature
(Ms) of C-concentrated austenite to martensite is lowered to room temperature or lower, and a large amount of residual
austenite is finally formed, thereby securing the physical properties to be desired in the present disclosure. In the present
disclosure, in order to sufficiently secure the partitioning effect, the reheating temperature may be limited to Ms‑50 to
450°C. When the temperature range is not satisfied, it is difficult to secure the tempered martensite, bainite, and residual
austenite fractions to be desired, and it may be difficult to secure the physical properties to be desired.
[0071] When the heating maintenance time is less than 1 minute, sufficient transformation does not proceed and it is
difficult to obtain the partitioning effect to be desired, and when the time is more than 30 minutes, a reheating and overaging
temperature section should be very long and it takes a lot of time, so that it may be difficult to apply it to an actual production
line.
[0072] The steel of the present disclosure manufactured as such has a tensile strength of 980 MPa or more and a R value
defined by the following Relation 2 of 30000 to 60000 MPa·%.
[0073] The following Relation 2 shows relationship among yield strength, total elongation, and hole expansion ratio, and
when the R value defined by Relation 2 is 30,000 to 60,000 MPa·%, both the elongation and the hole expansion ratio may
be secured in the ultra-high strength steel having a tensile strength of 980 MPa or more to be desired in the present
disclosure. When the R value is out of the desired range, the steel grade to be desired in the present disclosure is different
or any one of the elongation and the hole expansion ratio is poor, so that it may be difficult to use the steel as a member for
absorbing collision energy to be desired in the present disclosure. More preferably, the steel sheet may have the strength of
600 MPa or more, the elongation of 21% or more, and the hole expansion ratio (HER) of 20% or more.
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wherein [YS] is yield strength (MPa), [Total-El] is total elongation (%), and [HER] is a hole expansion ratio (%).

Mode for Invention

[0074] Hereinafter, the present disclosure will be specifically described through the following examples. However, it
should be noted that the following examples are only for describing the present disclosure in detail by illustration, and not
intended to limit the right scope of the present disclosure.

(Examples)

[0075] Specimens of specimen Nos. 1 to 13 in the following Table 1 were manufactured using steel slabs having the
compositions of 0.2 to0.24[C] - 1.2 to 1.8[Si] - 2.0 to 2.4[Mn] - 0.01 to0.05[Al] (eachelement is its wt% and a remainder of Fe
and other unavoidable impurities are included). Meanwhile, Specimen 14 had the composition of 0.2 to 0.24[C] - 1.2 to 1.8
[Si] - 2.0 to 2.4[Mn] - 0.01 to 0.05[Al] - 0.1[Mo] in which the Mo content was out of the range of the present disclosure, and
Specimen 15 had the composition of 0.2 to 0.24 [C] - 1.2 to 1.8 [Si] - 1.0 to 1.4 [Mn] - 0.01 to 0.05 [Al] in which the Mo content
was out of the range of the present disclosure, and thus, the specimens weremanufactured using the steel slabs having the
compositions out of the range suggested in the present disclosure.
[0076] Steel sheets were manufactured by reheating, hot rolling, winding, cold rolling, heat treatment, first cooling,
second cooling, reheating, and overaging under the conditions of the following Table 1 as the manufacturing method. At
this time, the reheating was performed at 1100 to 1300°C and the finish hot rolling was performed in the temperature range
of 850 to 950°C. In addition, the winding was performed in the temperature range of 200 to 700°C, and the cold rolling was
performed at a cold reduction rate of 45 to 65%. During annealing, a heat treatment was performed for 100 to 300 seconds,
and an overaging time of 1 to 30 minutes was applied. In the following Table 1, the Ac3 temperature of Specimens 1 to 13
was 882°C and the Ms temperature thereof was 367°C, the Ac3 temperature of Specimen 14 was 885°C and the Ms
temperature thereof was 366°C, and the Ac3 temperature of Specimen 15 was 882°C and the Ms temperature thereof was
399°C.

[Table 1]

Speci
men
No.

Annealing heat
treatment First cooling Second cooling Reheating and

overaging

Temperature
(°C)

Temperature
(°C)

Average
cooling rate

(°C/s)

Temperature
(°C)

Average
cooling rate

(°C/s)

Temperature
(°C)

1 770 650 2.2 200 41.9 400

2 840 600 4.0 250 32.6 400

3 810 600 3.5 400 18.6 400

4 810 650 2.7 400 23.3 400

5 810 650 2.7 150 46.5 400

6 810 600 3.5 200 37.2 400

7 840 680 2.7 280 37.2 470

8 810 650 2.7 200 41.9 460

9 810 760 0.8 200 52.1 400

10 840 650 3.2 350 27.9 400

11 810 650 2.7 200 41.9 400

12 840 680 2.7 280 37.2 400

13 840 680 2.7 250 37.2 400

14 840 680 2.7 250 37.2 400
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(continued)

Speci
men
No.

Annealing heat
treatment First cooling Second cooling Reheating and

overaging

Temperature
(°C)

Temperature
(°C)

Average
cooling rate

(°C/s)

Temperature
(°C)

Average
cooling rate

(°C/s)

Temperature
(°C)

15 840 650 3.2 250 37.2 400

[0077] In the following Table 2, the microstructure and the physical properties of the manufactured steel sheets are
shown. In the microstructure, the 1/4 point of the thickness of the steel sheet was measured using X-ray diffraction (XRD)
and electron backscattered diffraction (EBSD) to show a phase fraction. The sum of ferrite (F), bainite (B), and tempered
martensite (TM) and the phase fraction of fresh martensite (FM) and austenite (γ) were calculated using the IQ chart
through EBSD. In addition, yield strength (YS), tensile strength (TS), total elongation (total-EL), and uniform elongation
(uEL) were measured by working a steel sheet into a JIS standard (gauge length width×length: 25×50 mm, total specimen
length: 200 to 260 mm) and then performing a tensile test under the conditions of a test speed of 28 mm/min. The hole
expansion ratio (HER) was measured according to the ISO 16330 standard, and the hole was shear worked with a
clearance of 12% using a punch having a diameter of 10 mm. In addition, the A and B values of Relation 1 were calculated
from the measured physical properties.

[Table 2]

Speci men No.

Microstructure (by area%)

F B+TM FM γ
EBSD IQ value Relation 1

U X Y z A value B value

1 60 24 9 7 0.158 0.263 0.028 0.038 60 10

2 38 43 11 8 0.090 0.235 0.025 0.036 38 11

3 50 34 10 6 0.127 0.267 0.030 0.044 48 14

4 40 40 11 9 0.166 0.356 0.036 0.069 47 33

5 40 57 1 2 0.298 0.383 0.070 0.055 78 ‑15

6 50 30 13 7 0.100 0.254 0.033 0.036 39 3

7 19 64 11 6 0.129 0.352 0.035 0.045 37 10

8 40 44 12 4 0.104 0.269 0.027 0.037 39 10

9 36 54 5 5 0.243 0.365 0.065 0.051 67 ‑14

10 27 54 11 8 0.192 0.271 0.039 0.032 71 ‑7

11 40 46 5 9 0.078 0.276 0.020 0.042 28 22

12 19 65 4 12 0.081 0.406 0.029 0.057 20 28

13 19 68 2 11 0.086 0.341 0.033 0.051 25 18

14 4 80 9 7 0.075 0.452 0.035 0.062 17 27

15 58 30 4 8 0.072 0.259 0.032 0.054 28 22

wherein [U] is a phase fraction having an IQ value of 40,000 or less, [X] is a phase fraction having an IQ value of 40,000 to
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70,000, [Y] is a maximum phase fraction value having an IQ value of 40,000 or less, [Z] is a maximum phase fraction value
having an IQ value of 40,000 to 70,000, and these are based on an Image Quality (IQ) Chart (35 bar graphs) obtained from
EBSD measurement.

[Table 3]

Specimen
No.

Physical properties
ClassificationYS

(MPa)
TS

(MPa)
Total-EL

(%)
uEL
(%)

HER
(%)

Relation 2
(MPa. %)

1 537 1031 22 17 8 20406 Comparative Example 1

2 599 1062 21 15 9 23361 Comparative Example 2

3 589 1050 20 14 12 25916 Comparative Example 3

4 580 1058 21 15 14 28420 Comparative Example 4

5 894 1186 11 6 36 74202 Comparative Example 5

6 580 1064 20 15 9 22040 Comparative Example 6

7 644 1122 17 12 5 17388 Comparative Example 7

8 582 1125 18 12 8 19788 Comparative Example 8

9 798 1096 20 13 31 65436 Comparative Example 9

10 617 1085 19 14 11 25297 Comparative Example 10

11 673 1053 23 16 23 46437 Inventive Example 1

12 709 1057 21 15 23 47503 Inventive Example 2

13 756 1073 24 15 25 55944 Inventive Example 3

14 921 1149 15 10 38 83811 Comparative Example 11

15 432 930 25 19 22 29808 Comparative Example 12

wherein [YS] is yield strength (MPa), [Total-El] is total elongation (%), and [HER] is a hole expansion ratio (%).

[0078] As shown in Table 2, in Inventive Examples 1 to 3 satisfying the alloy composition and manufacturing conditions
of the present disclosure, the microstructure characteristics suggested in the present disclosure were satisfied, and the
physical properties to be desired in the present disclosure were secured.
[0079] FIG. 1 shows (a) EBSD IQ chart and (b) EBSD IQ + Phase map of Inventive Example 2 of the present disclosure.
(a) shows the fraction value according to the IQ value as a chart, and the boundary value of each phase for defining
Relation 1 may be confirmed. (b) shows the residual austenite fraction, and the residual austenite fraction level of the
inventive steel may be confirmed.
[0080] However, Comparative Example 1 which did not satisfy the annealing conditions of the present disclosure did not
satisfy the microstructure fraction and Relations 2 and 3. In particular, the ferrite fraction was excessive and the strength
was poor.
[0081] In Comparative Examples 2 and 6 which did not satisfy the first cooling temperature suggested in the present
disclosure, a soft phase was formed during the first cooling, so that tempered martensite and bainite transformation did not
proceed well during the second cooling and overaging processes, and the final fresh martensite fraction was increased to
deteriorate yield strength and hole expansion ratio.
[0082] In Comparative Example 3 which did not satisfy the second cooling conditions as well as the first cooling
conditions, only bainite transformation was promoted without tempered martensite transformation, and a final fresh
martensite fraction was increased and a residual austenite fraction was decreased due to an overall decrease in
transformation fraction. As a result, the desired level of physical properties was not secured.
[0083] Comparative Examples 4 and 5 did not satisfy the second cooling conditions of the present disclosure, and in
Comparative Example 4, the cooling end temperature was excessively high so that the average cooling rate was
insufficient, and thus, only bainite transformation proceeded without tempered martensite and final fresh martensite
was increased, and as a result, the desired physical properties were not secured. In addition, in Comparative Example 5,
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the cooling end temperature was excessively low, so that a tempered martensite fraction was excessive, and final residual
austenite was hardly secured to have very poor elongation.
[0084] In Comparative Examples 7 and 8 which did not satisfy the overheating and overaging conditions, bainite
transformation did not proceed well during the overaging, so that the fresh martensite fraction was increased. As a result,
the residual austenite fraction was decreased, so that the finally desired physical properties were not secured.
[0085] In Comparative Example 9 which did not satisfy the cooling conditions of the present disclosure, there may be
equipment problems such as equipment lifespan. In addition, there was almost no ferrite and bainite transformation during
cooling, and a final residual austenite fraction was insufficient due to the tempered martensite and subsequent bainite
transformation during reheating and overaging, so that the desired physical properties were not secured.
[0086] In Comparative Example 10 which had insufficient second average cooling rate, sufficient martensite and bainite
transformation did not proceed, so that the fresh martensite fraction of the final microstructure was increased. As a result,
the desired level of physical properties was not secured.
[0087] In Comparative Example 11 in which the sum of Cr and Mo contents was more than the content suggested in the
present disclosure, and due to the addition of the hardenability element described above, a soft phase (such as ferrite and
bainite) was slowly transformed during annealing, so that the tempered martensite was formed as a main structured
phase. As a result, the overall strength was excellent, but elongation was insufficient due to the lack of the soft phase.
[0088] In Comparative Example 12 in which the Mn content was insufficient, the strength was poor, so that the desired
level of physical properties were not secured.
[0089] Hereinabove, the present disclosure has been described in detail by the exemplary embodiments, but other
exemplary embodiments having different forms are possible. Therefore, the technical spirit and scope of the claims set
forth below are not limited by the exemplary embodiments.

Claims

1. A steel sheet comprising, by weight%: 0.15 to 0.25% of carbon (C), 1.5 to 2.5% of manganese (Mn), 1.0 to 2.0% of
silicon (Si), 0.1% or less of phosphorus (P), 0.03% or less of sulfur (S), and 0.01 to 0.1% of aluminum (Al) with a
remainder of iron (Fe) and other unavoidable impurities,
wherein the steel sheet comprises 5 to 50% by area of ferrite, 35 to 80% by area of a sum of tempered martensite and
bainite, 7 to 15% by area of residual austenite, and 10% by area or less of fresh martensite, as a microstructure.

2. The steel sheet of claim 1, wherein the steel sheet further comprise 0.03% or less of antimony (Sb).

3. The steel sheet of claim 1, wherein the steel sheet has a sum of chromium (Cr) and molybdenum (Mo) contents of
0.01% or less.

4. The steel sheet of claim 1, wherein the steel sheet has an A value of 40 or less and a B value of 12 or more, A and B
being defined by the following Relation 1:

wherein [U] is a phase fraction value having an IQ value of 40,000 or less, [X] is a phase fraction value having an IQ
value of 40,000 to 70,000, [Y] is a maximum phase fraction value having an IQ value of 40,000 or less, [Z] is a maximum
phase fraction value having an IQ value of 40,000 to 70,000, and these are based on an Image Quality (IQ) Chart (35
bar graphs) obtained from EBSD measurement.

5. The steel sheet of claim 1, wherein the steel sheet has a tensile strength of 980 MPa or more and a R value defined by
the following Relation 2 of 30,000 to 60,000 MPa·%:
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wherein [YS] is yield strength (MPa), [Total-El] is total elongation (%), and [HER] is a hole expansion ratio (%).

6. The steel sheet of claim 5, wherein the steel sheet has a yield strength of 600 MPa or more, an elongation of 21% or
more, and a hole expansion ratio (HER) of 20% or more.

7. A method for manufacturing a steel sheet, the method comprising:

preparing a cold rolled steel sheet comprising, by weight%: 0.15 to 0.25% of carbon (C), 1.5 to 2.5% of
manganese (Mn), 1.0 to 2.0% of silicon (Si), 0.1% or less of phosphorus (P), 0.03% or less of sulfur (S), and
0.01 to 0.1% of aluminum (Al) with a remainder of iron (Fe) and other unavoidable impurities,
performing an annealing heat treatment by heating the cold rolled steel sheet to a temperature range of 780°C to
Ac3 and maintaining the temperature for 30 seconds or more;
first cooling the annealing heat-treated steel sheet to a temperature range of 630 to 750°C at an average cooling
rate of 1 to 10°C/s;
second cooling the first cooled steel sheet to a temperature range of 180°C to Ms at an average cooling rate of 30
to 80°C/s; and
performing reheating and overaging by heating the second cooled steel sheet to a temperature range of Ms‑50 to
450°C and maintaining the temperature for 1 to 30 minutes:

Ac3 = 910-203√([C])‑ 15.2[Ni]+44.7[Si]+104[V]+31.5[Mo]+13.1[W] [Equation]

wherein [C], [Ni], [Si], [V], [Mo], and [W] are wt% of each element,
Ms = 539‑423[C]‑30.4[Mn]‑7.5[Si]+30[Al]‑12.1[Cr]‑17.7[Ni]‑7.5[Mo]
wherein [C], [Mn], [Si], [Al], [Cr], [Ni], and [Mo] are wt% of each element.

8. The method for manufacturing a steel sheet of claim 7, wherein the cold rolled steel sheet further comprises 0.03% or
less of antimony (Sb).

9. The method for manufacturing a steel sheet of claim 7, wherein the cold rolled steel sheet has a sum of chromium (Cr)
and molybdenum (Mo) contents of 0.01% or less.

10. The method for manufacturing a steel sheet of claim 7, wherein the preparing of a cold rolled steel sheet comprises:

reheating a steel slab in a temperature range of 1100 to 1300°C;
hot rolling the reheated slab to a finish hot rolling temperature of Ar3 or higher to obtain a hot rolled steel sheet;
cooling the hot rolled steel sheet to a temperature of 700°C or lower and winding the steel sheet; and
cold rolling the wound hot rolled steel sheet at a cold reduction rate of 30 to 80%.

11. The method for manufacturing a steel sheet of claim 7,

wherein in the first cooling, the average cooling rate is 2 to 5°C/s, and
in the second cooling, the average cooling rate is 30 to 60°C/s.

13

EP 4 538 407 A1

5

10

15

20

25

30

35

40

45

50

55



14

EP 4 538 407 A1



15

EP 4 538 407 A1

5

10

15

20

25

30

35

40

45

50

55



16

EP 4 538 407 A1

5

10

15

20

25

30

35

40

45

50

55



17

EP 4 538 407 A1

5

10

15

20

25

30

35

40

45

50

55



18

EP 4 538 407 A1

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• JP 4289120 A [0006] • JP 2004211157 A [0006]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

