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Description

TECHNICAL FIELD

[0001] The present invention relates to a cold-rolled steel sheet, a hot-dip galvanized steel sheet, and a galvan-
nealed steel sheet used for automobile body parts, and a method for manufacturing the same.

BACKGROUND ART

[0002] Recently, in order to mitigate global warming, the steel industry has been accelerating the development of
various steelmaking technologies that can reduce greenhouse gas emissions during the steel production process. In
the automotive industry as well, there is a focus on weight reduction of automotive components to improve fuel
efficiency. In particular, to reduce carbon dioxide emissions during the steel production process, steelmakers are
developing and attempting to commercially apply process technologies that manufacture pig iron by reducing iron ore
using hydrogen, or electric furnace processes (producing molten steel using electricity with steel scrap itself or steel
scrap + direct reduced iron (DRI or HBI)) that produce products with a relatively high impurity content, in addition to the
conventional blast furnace (charging iron ore + coke + limestone, etc., to produce pig iron) - converter method, which
can mass-produce high-quality products with low impurity content but has a relatively high greenhouse gas emission.
[0003] Meanwhile, automobile manufacturers are attempting to expand the application of thin, high-strength steel
sheets to individual parts for the weight reduction of automotive components. In particular, when a steel sheet or blank
applied to an automotive inner structural member is stamped in a single cold operation, dimensional defects such as
springback or forming cracks may occur. Therefore, the steel used for such parts is required to have excellent cold
formability (e.g., high ductility, stretch flangeability or hole expansion, 90° bendability, etc.) or workability during the
part forming process, and high impact energy absorption (high yield ratio) or fatigue durability when the actual part is
installed in a vehicle and is in service.
[0004] Accordingly, various patent documents have proposed methods for satisfying the strength-elongation bal-
ance or stretch flangeability (or hole expansion ratio) of high-strength hot-dip galvanized steel sheets by optimizing
alloy components, microstructure, and hot rolling, cold rolling, and annealing conditions.
[0005] For example, Patent Document 1 discloses a technology for hot-rolling a steel slab containing, by weight %,
C: 0.06‑0.09%, Mn: 1.5‑2.0%, Si: 0.1% or less, P: 0.02% or less, S: 0.0020% or less, Al: 0.005‑0.05%, Cr: 0.05‑0.4%,
Ti: 0.005‑0.02%, Nb: 0.005‑0.05%, N: 0.0050% or less, and Ca: 0.0001‑0.0020% at 850‑950°C, cooling at an average
cooling rate of 5‑200°C/sec, followed by coiling, pickling, and cold rolling at 600°C or less, and then performing
continuous annealing and hot-dip galvanizing heat treatment. Specifically, it describes a method for manufacturing a
plated steel sheet by heating to an annealing temperature of 800‑900°C, cooling at an average cooling rate of
2‑50°C/sec, and then air-cooling in the temperature range of 450‑650°C for 10‑50 seconds, followed by hot-dip
galvanizing or galvannealing heat treatment. According to the technology described in Patent Document 1, a 1.4 mm
thick steel sheet composed of 80‑90% ferrite, 10‑20% fresh martensite, and 5% or less of other phases can be
obtained, with a tensile strength of 595‑635 MPa (yield ratio of 0.76‑0.79), a TS x EL value of 18600‑20910 MPa·%,
and a hole expansion ratio (HER) of 74% or more. Meanwhile, Patent Document 1 limits the sulfur (S) content as a
major steel component to 0.0020% or less, but there is no mention of the effect of the size, number fraction, aspect
ratio, or clustering size of MnS inclusions on the hole expansion property of the steel.
[0006] In addition, Patent Document 2 discloses a method for manufacturing a hot-rolled steel sheet or a hot-rolled
plated steel sheet by reheating a steel slab, optionally Ca-treated, containing, by weight %, C: 0.07‑0.15%, Mn:
0.65‑1.30%, Si: 0.005‑0.35%, P: 0.03% or less, S: 0.05% or less, Al: 0.003‑0.6%, Cr: 0.6‑1.40%, Ti: 0.07‑0.2%, B:
less than 0.001% (excluding 0%), and N: 0.01% or less, to a temperature below 1300°C and hot-rolling at a tempera-
ture of Ar3 or higher. Then, the hot-rolled steel sheet is cooled by continuous cooling or multi-stage cooling at a cooling
rate of 20°C/sec or more and coiled at a temperature between Ms and Bs. According to the technology described in
Patent Document 2, a hot-rolled steel sheet or a hot-rolled plated steel sheet can be obtained with a microstructure
composed of a sum of ferrite and carbide-free bainite fractions of 80% or more, 3‑5% tempered martensite, retained
austenite, and optionally fine carbides of 30 nm or less, having a tensile strength of 760‑940 MPa (yield ratio of
0.83‑0.90), a TS x EL value of 12700‑13800 MPa·%, and a hole expansion ratio (HER) of 50% or more. In Patent
Document 2, the sulfur (S) content as a major steel component is limited to 0.0500% or less, but the actual examples
show a content of less than 0.0020%. The high hole expansion property of this multi-phase complex structure steel is
thought to be due to the presence of a relatively very high fraction of the bainite phase. Meanwhile, there is no detailed
mention in this document of the effect of the sulfur (S) content or MnS inclusions on the hole expansion property.

[Prior Art Document]
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[Patent Document]

[0007]

(Patent Document1) Japanese Patent No. 5239562
(Patent Document2) Korean Patent No. 10‑2102005

DISCLOSURE OF INVENTION

TECHNICAL PROBLEM

[0008] The present invention aims to provide a high-strength cold-rolled steel sheet, hot-dip galvanized steel sheet,
and galvannealed steel sheet with excellent hole expansion properties, and a method for manufacturing the same, by
limiting the sum of Cr+Ni+Cu content to 0.7% or less, and by appropriately combining the alloy elements and control-
ling the manufacturing process to improve uniform elongation and hole expansion.
[0009] Furthermore, the technical problems to be achieved by the present invention are not limited to the technical
problems mentioned above, and other unmentioned technical problems will be clearly understood by those of ordinary
skill in the art from the following description.

SOLUTION TO PROBLEM

[0010] Accordingly, one aspect of the present invention relates to a cold-rolled steel sheet comprising, by weight %,
C: 0.06 to 0.09%, Mn: 1.2 to 1.6%, Si: 1.3 to 1.7%, P: 0.02% or less, S: 0.007% or less, Al: 0.05% or less, Cr: 0.2% or
less (including 0%), Ni: 0.2% or less (including 0%), Cu: 0.3% or less (including 0%), Ti: 0.02% or less (including 0%),
Ca: 0.0040% or less (including 0%), N: 0.01% or less, and a sum of Cr+Ni+Cu content of 0.7% or less, with the
remainder being Fe and other impurities, and satisfying the following Relational Expression 1.

[0011] The cold-rolled steel sheet may further satisfy the following Relational Expression 2.

[0012] The difference between the (Ni+Cu) content at a thickness position 0.1 µm directly below the surface layer of
the cold-rolled steel sheet and the (Ni+Cu) content at a thickness position 50 µm from the surface layer may satisfy the
following Relational Expression 3.

[0013] A hot-dip galvanized layer may be formed on one side of the cold-rolled steel sheet.
[0014] A galvannealed layer may be formed on one side of the cold-rolled steel sheet.
[0015] The cold-rolled steel sheet may have a tensile strength of 590 MPa or more, a uniform elongation of 18% or
more, and a hole expansion ratio (HER) of 40% or more.
[0016] Furthermore, the present invention relates to a method for manufacturing a cold-rolled steel sheet, compris-
ing the steps of:

heating a steel slab satisfying the above composition and Relational Expression 1 to a temperature range of 1150
to 1300°C;
obtaining a hot-rolled steel sheet by finish hot-rolling the heated slab in a temperature range of 800 to 1000°C;
cooling the hot-rolled steel sheet and coiling it at a temperature of 510 to 620°C;

3

EP 4 826 100 A1

5

10

15

20

25

30

35

40

45

50

55



cold-rolling the coiled steel sheet at a cold reduction ratio of 30 to 70%; and
heating the cold-rolled steel sheet to a temperature of 780 to 820°C, then performing a first slow cooling to
600‑700°C, followed by a second rapid cooling to a temperature range of 350 to 450°C at an average cooling rate
of 10°C/sec or more, and then holding for 100 to 700 seconds.

[0017] The steel slab may further satisfy the following Relational Expression 2.

[0018] The manufactured cold-rolled steel sheet may satisfy the following Relational Expression 3, where the
difference is between the (Ni+Cu) content at a thickness position 0.1 µm directly below the surface layer and the
(Ni+Cu) content at a thickness position 50 µm from the surface layer.

[0019] The method may further comprise a step of manufacturing a hot-dip galvanized steel sheet by heating the
maintained cold-rolled steel sheet to a temperature range of 400 to 470°C and then performing hot-dip galvanizing.
[0020] The method may further comprise a step of manufacturing a galvannealed steel sheet by heating the hot-dip
galvanized steel sheet to a temperature of 500 to 560°C and then performing an alloying heat treatment.
[0021] The cold-rolled steel sheet, the hot-dip galvanized steel sheet, and the galvannealed steel sheet may also be
subjected to skin pass rolling with an elongation of 0.1 to 1.5%.

ADVANTAGEOUS EFFECTS OF INVENTION

[0022] According to the present invention, a steel sheet manufactured with the above-mentioned component steel
satisfies the correlation HER(%) = ‑51 + 0.209[TS(MPa)] - 143[S(%)] - 42.6%[Cr+Ni+Cu (%)] + 8.22[MnS aspect ratio]
- 27.5[MnS fraction] - 43.7[MnS size], has a tensile strength of 590 MPa or more, a uniform elongation of 18% or more,
and a hole expansion ratio (HER) of 40% or more. Furthermore, a high-strength thin steel sheet, in which the
difference between the (Ni+Cu) content at a thickness position 0.1 µm directly below the surface layer and the (Ni+Cu)
content at a thickness position 50 µm from the surface layer is 0.1% or more, can be economically manufactured using
conventional annealing equipment and can be used for automotive body inner panels and structural components.

BRIEF DESCRIPTION OF DRAWINGS

[0023]

FIG. 1 is a photograph showing the distribution of MnS inclusions in a cross-section of a steel sheet of Inventive
Example 3 in an embodiment of the present invention.
FIG. 2 is a photograph showing the distribution of MnS inclusions in a cross-section of a steel sheet of Compara-
tive Example 4 in an embodiment of the present invention.
FIG. 3 is a graph showing the enrichment amount of (Ni+Cu) on the surface layer of the steel sheets of Inventive
Example 2 and Comparative Example 4 in an embodiment of the present invention.

BEST MODE FOR THE INVENTION

[0024] Hereinafter, the present invention will be described.
[0025] The present invention relates to a steel sheet applicable to automotive body inner panels and structural
components by a cold forming method, wherein the difference between the (Ni+Cu) content at a position 0.1 µm
directly below the thickness and the (Ni+Cu) content at a position 50 µm from the surface layer is 0.1% or more. It is
characterized by providing a cold-rolled steel sheet, a hot-dip galvanized steel sheet, and a galvannealed steel sheet
having a uniform elongation of 18% or more and a hole expansion ratio of 40% or more, even in a steel sheet having a
sulfur (S) content of 0.07% or less.
[0026] The cold-rolled steel sheet of the present invention may comprise, by weight %, C: 0.06 to 0.09%, Mn: 1.2 to
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1.6%, Si: 1.3 to 1.7%, P: 0.02% or less, S: 0.007% or less, Al: 0.05% or less, Cr: 0.2% or less (including 0%), Ni: 0.2%
or less (including 0%), Cu: 0.3% or less (including 0%), Ti: 0.02% or less (including 0%), Ca: 0.0040% or less
(including 0%), N: 0.01% or less, and a sum of Cr+Ni+Cu content of 0.7% or less, with the remainder being Fe and
other impurities, and may satisfy Relational Expression 1.
[0027] Hereinafter, the steel component composition of the present invention will be described, and "%" means % by
weight unless otherwise specified.

C: 0.06 to 0.09%

[0028] Carbon (C) is an element necessary for increasing the strength of steel and securing the fraction of retained
austenite phase. Specifically, it is dissolved in the austenite phase during continuous annealing and subsequent cool-
ing processes. When the steel sheet is isothermally heat-treated at a temperature where the bainite phase is formed, it
is dissolved within the austenite phase, thereby reducing the transformation temperature of the martensite phase to
room temperature or below. However, if the content is less than 0.06%, it is difficult to secure a tensile strength of 590
MPa or more for the steel, or to secure a fraction of the retained austenite phase of less than 5%. On the other hand, if
the carbon (C) content exceeds 0.09%, the fraction of the martensite phase increases excessively, making it difficult to
secure a uniform elongation of 18% or more.
[0029] Therefore, in the present invention, it is preferable to limit the carbon (C) content to 0.06 to 0.09%. More
preferably, it is limited to 0.07 to 0.08%.

Mn: 1.2 to 1.6%

[0030] Manganese (Mn) is an element that suppresses the formation of the ferrite phase and increases the stability
of the austenite phase. As the manganese (Mn) content increases, the transformation temperatures of the bainite and
martensite phases are lowered. In particular, during the subsequent cooling heat treatment process after isothermal
transformation of the steel, the austenite phase can transform into the martensite phase, which may reduce the
fraction of the retained austenite phase in the final microstructure, thereby decreasing the ductility of the steel. If the
content is less than 1.2%, it is difficult to secure sufficient strength of the steel, whereas if the content exceeds 1.6%, it
is difficult to secure the cold formability including the target uniform elongation or hole expansion ratio. Therefore, in
the present invention, it is preferable to limit the manganese (Mn) content to 1.2 to 1.6%. More preferably, it is limited
to 1.3 to 1.5%.

Si: 1.3 to 1.7%

[0031] Silicon (Si) is an element that increases strength through solid solution strengthening of steel or suppresses
the formation of iron carbides during the transformation process of constituent phases. During isothermal heat treat-
ment of steel, as a portion of the austenite phase transforms into bainite, excess carbon (C) can diffuse into the
austenite phase or form iron carbides. Therefore, when the silicon (Si) content is appropriately controlled, the forma-
tion of iron carbides can be suppressed, thereby increasing the stability of the austenite phase. If the silicon content is
less than 1.3%, iron carbides may form during isothermal holding, isothermal transformation heat treatment, or
reheating and overaging heat treatment, which can reduce the fraction of retained austenite in the final microstructure.
On the other hand, if the content exceeds 1.7%, excessive formation of silicon (Si)‑manganese (Mn) composite oxides
on the steel sheet can lead to poor plating properties. Therefore, in the present invention, it is preferable to limit the
silicon (Si) content to 1.3 to 1.7%. More preferably, it is limited to 1.4 to 1.6%.

P: 0.02% or less (excluding 0%)

[0032] Phosphorus (P) is an element that increases the strength of steel. If its content exceeds 0.02%, the weld-
ability of the steel may be reduced. On the other hand, controlling the P content to be excessively low requires a
dephosphorization treatment with the addition of quicklime (CaO), which can lead to an increase in the cost of the
steelmaking process. Therefore, it is preferable to limit the phosphorus (P) content to 0.02% or less. More preferably, it
is limited to 0.01% or less.

S: 0.007% or less (excluding 0%)

[0033] Sulfur (S) can segregate as MnS non-metallic inclusions within the steel or during continuous casting solidi-
fication, causing hot cracking. In addition, if MnS inclusions are excessively present in the steel, it can lower the hole
expansion ratio (HER) of the steel, leading to a sharp decrease in cold formability. On the other hand, if the sulfur
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content is excessively low, it can lead to an increase in steelmaking costs. Therefore, in the present invention, it is
preferable to limit the sulfur (S) content to 0.007% or less. More preferably, it is limited to 0.003% or less.

Al: 0.05% or less (excluding 0%)

[0034] Aluminum (Al) is an element added as a deoxidizer. Aluminum (Al) can react with nitrogen (N) in the steel to
form AlN precipitates, which can cause cracks in the slab during the continuous casting process. In addition, aluminum
(Al) reacts with oxygen in the steel and exists as an oxide inclusion, in which case it can act as a nucleation site for
MnS inclusions, making the MnS size finer or causing it to be distributed relatively uniformly. If its content is exces-
sively added, it can form a large amount of hard oxides such as Al2O3, thereby reducing the toughness of the steel.
Therefore, the aluminum (Al) content is limited to 0.05% or less (excluding 0%). More preferably, it is limited to 0.03%.

Cr: 0.2% or less (including 0%)

[0035] Chromium (Cr) is an element that increases the strength of steel by suppressing the transformation of ferrite
and bainite. In addition, chromium forms a manganese-chromium composite oxide on the surface of the steel, which
increases wettability and platability during hot-dip galvanizing after annealing. However, if its content exceeds 0.2%, it
increases the strength of the steel of the present invention, making it difficult to achieve the target uniform elongation.
Furthermore, chromium can be enriched at specific locations, such as ferrite grain boundaries, forming a chromium
depletion region in the adjacent area, which can cause pitting corrosion. Therefore, it is preferable to limit the chro-
mium (Cr) content to 0.2% or less (including 0%).

Ni: 0.2% or less (including 0%)

[0036] Nickel (Ni) is an element that increases the stability of the austenite phase. Nickel (Ni) is effective in suppres-
sing high-temperature embrittlement, but if its content exceeds 0.2%, there is a problem of increased manufacturing
cost of the steel. Therefore, in the present invention, it is preferable to limit the nickel content to 0.2% or less.

Cu: 0.3% or less (including 0%)

[0037] Copper (Cu) is an element that increases the stability of the austenite phase. While copper (Cu) is effective in
increasing corrosion resistance, it can become enriched on the surface of the slab and cause surface cracks, so it is
preferable to use it together with nickel (Ni) rather than alone. Furthermore, in the present invention, it is understood
that it reacts with sulfur (S) in the steel to form fine CuS precipitates, which has the effect of refining relatively coarse
MnS inclusions or dispersing them uniformly. It is also understood that while it decreases the fraction of the austenite
phase in the final microstructure, it increases the carbon (C) solid solution content. However, if its content exceeds
0.3%, it can lead to an increase in strength and a decrease in ductility due to solid solution strengthening. Therefore, in
the present invention, it is preferable to limit the copper content to 0.3% or less.

Ti: 0.02% or less (including 0%)

[0038] Titanium (Ti) is an element that forms precipitates including carbides or nitrides. If its content exceeds 0.02%,
coarse TiN precipitates may remain in the steel and form microcracks at the interface of matrix iron, which can lead to
a decrease in the hole expansion ratio of the steel. On the other hand, in the present invention, TiN nitrides formed in
the steel can react with sulfur (S) to form TiS sulfides, which can uniformly disperse MnS inclusions, thereby having a
positive effect on the hole expansion ratio of the steel. However, if its content exceeds 0.02%, it can refine the crystal
grains of the steel, leading to an increase in yield strength or a decrease in ductility. Therefore, in the present
invention, it is preferable to limit the titanium content to 0.02% or less.

Ca: 0.0040% or less (including 0%)

[0039] Calcium (Ca) is an element that controls the shape of MnS inclusions. However, if its content exceeds
0.0040%, there is a limit to improving the hole expansion ratio of the steel sheet by changing the shape of the
inclusions from a stringy form to a spherical form. Therefore, in the present invention, it is preferable to limit the
calcium content to 0.0040% or less.
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N: 0.01% or less

[0040] Nitrogen (N) is an element that forms nitrides or increases the stability of the austenite phase. As the nitrogen
content in the steel increases, the number density of AlN and TiN nitrides increases, which deteriorates the cold
formability of the steel. Therefore, in the present invention, it is preferable to limit the nitrogen content to 0.02% or less.
[0041] Meanwhile, in addition to the components described above, the steel sheet of the present invention may
contain one or more of boron (B) or antimony (Sb) elements to secure the strength of the steel sheet or improve the
surface hardness.

B: 0.005% or less

[0042] Boron (B) is an element that increases the hardenability of steel. When added in an appropriate amount, it
suppresses the formation of the ferrite phase and increases hardenability, but excessive addition can raise the
austenite recrystallization temperature or increase brittleness through a decrease in elongation. Therefore, in the
present invention, it is preferable to limit its content to 0.005% or less.

Sb: 0.03% or less

[0043] Antimony (Sb) is an element that suppresses decarburization on the surface of steel. When added in an
appropriate amount, it becomes enriched on the surface of the steel sheet to suppress decarburization or can
suppress the formation of oxides of manganese, silicon, and aluminum on the steel sheet surface during annealing. If
its content exceeds 0.03%, the effect is saturated or the manufacturing cost increases. Therefore, in the present
invention, it is preferable to limit the antimony content to 0.03% or less.
[0044] In the present invention, the remainder, other than the components described above, is composed of Fe and
other impurities.

Relational Expression 1

[0045] In the present invention, the contents of chromium (Cr), nickel (Ni), and copper (Cu) must satisfy the following
Relational Expression 1.

[0046] The (Cr+Ni+Cu)/(C+Mn) ratio is a necessary condition for securing the cold formability of the steel. In
particular, it is necessary to secure sufficient ductility, including a tensile strength of 590 MPa or more and a uniform
elongation of 18% or more. When the contents of chromium (Cr), nickel (Ni), and copper (Cu) are high, the bainite
transformation is delayed during isothermal transformation holding or heating in the annealing process of the steel
sheet, and carbon (C) diffusion within the austenite is restricted or the chemical stability of retained austenite is
reduced, which decreases the fraction of the retained austenite phase and increases the fraction of the martensite
phase in the final microstructure. As a result, the tensile strength of the steel is increased or the elongation is
decreased.
[0047] On the other hand, it is understood that carbon (C) or manganese (Mn) elements increase the fraction of the
retained austenite phase, thereby increasing elongation. Therefore, as a method for securing a tensile strength of 590
MPa or more and a uniform elongation of 18% or more, the present invention limits the (Cr+Ni+Cu)/(C+Mn) ratio to a
range of 0.08 to 0.7.

Relational Expression 2

[0048]

[0049] In the present invention, the (Al+Cu+Ti+Ca)/(Mn+S) ratio is a preferable condition for securing the hole
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expansion ratio of the steel by changing the size or distribution pattern of MnS inclusions in the steel sheet.
[0050] Specifically, it is a preferable condition for securing a hole expansion ratio of 40% or more. In the present
invention, it was confirmed that when the sulfur (S) content increases, the distribution and area fraction of MnS
inclusions vary. It was experimentally confirmed that if its content exceeds 0.5%, the MnS inclusions present in the
steel sheet cluster together, or the area occupied by MnS inclusions based on the total area of the steel sheet
increases sharply, causing the hole expansion ratio of the steel sheet to decrease to half its level. On the other hand,
when the contents of aluminum (Al), copper (Cu), titanium (Ti), and calcium (Ca) are appropriately controlled, it was
confirmed that MnS inclusions are partially dispersed by Al2O3, TiN, etc., or that CuS sulfides precipitate finely (not
confirmed at the magnification of a scanning electron microscope, but present in the matrix at the magnification of a
transmission electron microscope), resulting in a relative decrease in the area fraction. As a result, a hole expansion
ratio of 40% or more could be secured for the steel. Therefore, as a method for improving the hole expansion ratio of
the steel, it is preferable to limit the (Al+Cu+Ti+Ca)/(Mn+S) ratio to a range of 0.06 to 0.5.

Relational Expression 3

[0051]

[0052] In the present invention, the difference between the (Ni+Cu) content at a thickness position 0.1 µm directly
below the surface layer of the steel sheet and the (Ni+Cu) content at a thickness position 50 µm from the surface layer
can satisfy the above Relational Expression 3. That is, the value of (Ni+Cu) at 0.1µm - (Ni+Cu) at 50µm is a necessary
condition for limiting the size of the surface enrichment of the steel to an appropriate level. Failure to satisfy Relational
Expression 3 means that nickel (Ni) or copper (Cu) elements are uniformly distributed in the steel. On the other hand,
when these elements are enriched on the surface of the steel sheet, the occurrence of decarburization on the surface
of the steel sheet can be suppressed, thereby compensating for the decrease in surface hardness. Therefore, as a
method for minimizing the decrease in surface hardness, it is preferable to control the value of (Ni+Cu) at 0.1µm -
(Ni+Cu) at 50µm to 0.1% or more.
[0053] Meanwhile, the steel sheet of the present invention may have a mixed microstructure of ferrite, retained
austenite, and bainite + martensite, and it is preferable that the sum of the fractions of the bainite and martensite
phases is 9 area% or less. And, it is preferable that the fraction of retained austenite is 5% or less. If the sum of the
fractions of the bainite and martensite phases exceeds 9 area%, the amounts of Cr, Cu, and Ni added increase, and
accordingly, the fraction of the retained austenite structure decreases and the fraction of martensite increases, which
increases the tensile strength but lowers the yield strength, making it difficult to secure desired properties. And if the
fraction of retained austenite exceeds 5 area%, the amounts of C and Mn added increase, which increases the
strength of the steel but may worsen the hole expansion property.
[0054] As described above, the steel sheet of the present invention having the steel composition and microstructure
can have a tensile strength of 590 MPa or more, a uniform elongation of 18% or more, and a hole expansion ratio
(HER) of 40% or more.
[0055] Next, a method for manufacturing a steel sheet of the present invention will be described.
[0056] The present invention manufactures a slab by melting a steel sheet that satisfies the above-mentioned
composition components and Relational Expression 1. As a melting method, a blast furnace or electric furnace
steelmaking method can be selectively used.
[0057] The method for manufacturing a steel sheet of the present invention comprises the steps of: heating a steel
slab satisfying the above-mentioned composition components and Relational Expression 1 to a temperature range of
1150 to 1300°C; obtaining a hot-rolled steel sheet by finish hot-rolling the heated steel slab in a temperature range of
800 to 1000°C; cooling the hot-rolled steel sheet and coiling it at a temperature of 510 to 620°C; cold-rolling the coiled
steel sheet at a cold reduction ratio of 30 to 70%; and heating the cold-rolled steel sheet to a temperature of 780 to
820°C, followed by a first slow cooling to 600 to 700°C, and then a second rapid cooling to a temperature range of 350
to 450°C at an average cooling rate of 10°C/sec or more, and then holding for 100 to 700 seconds.
[0058] First, in the present invention, a steel slab satisfying the above-mentioned composition components and
Relational Expression 1 is heated to a temperature range of 1150 to 1300°C. If the heating temperature is less than
1150°C, it is difficult to secure the rolling temperature of the steel sheet during the hot rolling process, and there is a
problem of increased rolling load. On the other hand, if the reheating temperature exceeds 1300°C, there is a problem
in that a large amount of scale is generated on the surface of the slab or bar plate. Therefore, in the present invention,
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it is preferable to control the slab reheating temperature in the range of 1150 to 1300°C.
[0059] Furthermore, in the present invention, the steel slab may satisfy the above-mentioned Relational Expression
2.
[0060] Subsequently, in the present invention, a hot-rolled steel sheet is manufactured by finish hot-rolling the
reheated steel slab in a temperature range of 800 to 1000°C. At this time, the finish hot rolling is performed at a
temperature of Ar3 or higher, which is a normal condition, and specifically, it is preferably performed in a temperature
range of 800 to 1000°C. If the finish hot rolling temperature is less than 800°C, the rolling load increases significantly,
and if it exceeds 1000°C, there is a problem in that the thermal fatigue of the rolling rolls increases significantly.
Therefore, in the present invention, the finish hot rolling temperature is set to 800 to 1000°C.
[0061] And in the present invention, the manufactured hot-rolled steel sheet is cooled on a run-out table and coiled
at a temperature of 510 to 620°C. If the coiling temperature is less than 510°C, martensite and bainite may be
excessively formed in the hot-rolled steel sheet, which may increase the rolling load during subsequent cold rolling.
On the other hand, if the coiling temperature exceeds 620°C, decarburization may occur on the surface layer or
excessive scale may be generated, so that iron-scale may exist despite the descaling operation, which may deterio-
rate the platability of the final plated steel sheet.
[0062] Subsequently, the coiled hot-rolled steel sheet may be pickled by a conventional method to remove the
surface oxide layer.
[0063] Subsequently, in the present invention, the coiled steel sheet is cold-rolled at a cold reduction ratio of 30 to
70% to produce a cold-rolled steel sheet with a target thickness. The cold reduction ratio during cold rolling can be in
the range of 30 to 70%. If the cold reduction ratio is less than 30%, the cumulative reduction amount may be
insufficient, leading to incomplete austenite recrystallization during continuous annealing. On the other hand, if the
cold reduction ratio exceeds 70%, austenite recrystallization may be excessive, leading to the formation of coarse
austenite or ferrite grains during continuous annealing. Therefore, in the present invention, it is preferable to control
the cold reduction ratio in the range of 30 to 70%.
[0064] Subsequently, in the present invention, the cold-rolled steel sheet is subjected to continuous annealing heat
treatment. This continuous annealing heat treatment process secures a steel sheet microstructure composed of
appropriate fractions of ferrite, bainite, martensite, and retained austenite, thereby providing a steel sheet with excel-
lent cold formability, having a tensile strength of 590 MPa or more and a uniform elongation of 18% or more, which is a
very important process.
[0065] Specifically, in the present invention, the cold-rolled steel sheet is heated to a temperature of 780 to 820°C,
followed by a first slow cooling to 600 to 700°C, and then a second rapid cooling to a temperature range of 350 to
450°C at an average cooling rate of 10°C/sec or more, followed by isothermal transformation holding for 100 to 700
seconds.
[0066] First, in the present invention, the cold-rolled steel sheet is heated to an annealing temperature of 780 to
820°C.
[0067] If the annealing temperature is less than 780°C, the austenite fraction is insufficient, making it difficult to
secure the target strength. On the other hand, if it exceeds 820°C, the austenite fraction is sufficient, but coarse crystal
grains are formed, which can lead to a decrease in austenite stability and a decrease in the retained austenite fraction
during the subsequent cooling process, resulting in a decrease in elongation. Therefore, in the present invention, it is
preferable to control the annealing temperature to 780 to 820°C.
[0068] Subsequently, in the present invention, the heated cold-rolled steel sheet is subjected to a first slow cooling to
600 to 700°C. The present invention is not particularly limited to the first slow cooling temperature, but the slow cooling
temperature is controlled in the range of 600 to 700°C in consideration of the characteristics of an actual annealing
line. And, the slow cooling rate at this time is not limited, and for example, a slow cooling of 2°C/s can be used.
[0069] And in the present invention, the first slowly cooled steel sheet is rapidly cooled for a second time to a
temperature range of 350 to 450°C at an average cooling rate of 10°C/sec or more.
[0070] In the present invention, it is preferable to control the second rapid cooling stop temperature in the range of
350 to 450°C. If the second rapid cooling stop temperature is less than 350°C, it is close to the Ms temperature of the
steel sheet, making it difficult to promote bainite transformation without additional reheating, and thus difficult to secure
a sufficient fraction of retained austenite. On the other hand, if the rapid cooling stop temperature exceeds 450°C, the
possibility of carbide formation increases, which can reduce the carbon (C) content diffusing into the austenite phase
or also reduce the fraction of the retained austenite phase. Therefore, in the present invention, it is preferable to
control the second rapid cooling stop temperature to 350 to 450°C.
[0071] In addition, it is preferable to control the average cooling rate during this second cooling to 8°C/sec or more. If
the cooling rate is less than 8°C/sec, new ferrite or pearlite phases may be excessively formed during the cooling
process, which can reduce the austenite fraction that should be involved in the bainite transformation.
[0072] Subsequently, in the present invention, the second rapidly cooled cold-rolled steel sheet is held for 100 to 700
seconds. If the holding time is less than 100 seconds, carbon diffusion that can increase the stability of retained
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austenite may occur insufficiently, while if the holding time exceeds 700 seconds, there is a problem of decreased
steel sheet manufacturing productivity. Therefore, in the present invention, it is preferable to control the holding time in
the range of 100 to 700 seconds.
[0073] By using the manufacturing process as described above, a cold-rolled steel sheet with a (Ni+Cu) at 0.1µm -
(Ni+Cu) at 50µm value controlled to 0.1% or more can be obtained, and furthermore, a cold-rolled steel sheet having a
tensile strength of 590 MPa or more, a uniform elongation of 18% or more, and a hole expansion ratio (HER) of 40% or
more can be obtained.
[0074] Meanwhile, in the present invention, if necessary, a hot-dip galvanized steel sheet can be manufactured by
heating the maintained cold-rolled steel sheet to a temperature of 400 to 470°C and then using a conventional method.
[0075] Furthermore, in the present invention, a galvannealed steel sheet can also be manufactured by heating the
hot-dip galvanized steel sheet to a temperature of 500 to 560°C and then performing an alloying heat treatment.
[0076] In addition, in the present invention, skin pass rolling can be performed on the manufactured cold-rolled steel
sheet, hot-dip galvanized steel sheet, or galvannealed steel sheet for the purpose of shape correction or surface
roughness control, and since excessive skin pass rolling can deteriorate the ductility of the heat-treated steel sheet, it
is preferable to perform the skin pass rolling within an elongation range of 0.1 to 1.5%.

MODE FOR THE INVENTION

[0077] Hereinafter, the present invention will be described in detail through examples

(Example)
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[0079] Using steel slabs having the compositions as shown in Table 1, hot rolling, continuous annealing, and hot-dip
galvanizing or galvannealing heat treatment were performed under the conditions of Table 2 to manufacture cold-rolled
steel sheets and plated steel sheets with a thickness of 1.2 mm. Specifically, the as-produced slabs or lab-made ingots
prepared before hot rolling were heated in a range of 1200±20°C for 60 minutes for homogenization treatment.
Subsequently, individual slabs or ingots were subjected to rough rolling and finish rolling and coiled at a temperature
of 510 to 580°C to produce hot-rolled steel sheets with a thickness of 2.4 mm. After applying a 50% cold reduction
ratio to produce cold-rolled steel sheets, continuous annealing heat treatment or plating heat treatment was performed
to manufacture cold-rolled steel sheets or plated steel sheets. In Table 1, Inventive Steels (1‑10) satisfy Relational
Expressions 1‑3, whereas Comparative Steels 1‑6 fail to satisfy at least one of Relational Expressions 1‑3. Table 2
shows the specific hot rolling temperature, coiling temperature, and continuous annealing or hot-dip plating heat
treatment conditions applied to the inventive and comparative steels. At this time, the second cooling rate was
uniformly set to 10°C/s.
[0080] For the cold-rolled steel sheets and plated steel sheets manufactured as described above, the results of
measuring the fraction of constituent phases in the microstructure, the carbon solid solution content in the retained
austenite phase, the fraction of MnS inclusions, the tensile properties, and the hole expansion ratio (HER) are shown
in Table 3 below.
[0081] The microstructure of the steel sheet was observed with a scanning electron microscope at a position of 1/4
of the thickness of the steel sheet, and the results were quantitatively evaluated using an image analyzer, and the
results are shown in Table 3 below. In addition, the fraction of the retained austenite phase was measured using an X-
ray diffraction analyzer, and the carbon solid solution content in the retained austenite phase was calculated using a
commonly known empirical formula. Meanwhile, in Table 3 below, the remaining structure of the cold-rolled steel sheet
and the plated steel sheet is ferrite.
[0082] In addition, the fraction of MnS inclusions was quantitatively analyzed by capturing six or more images of the
cross-section of the steel slab at a magnification of X500 with an optical microscope and using an image analyzer.
[0083] And the tensile properties were evaluated after shearing a specimen in a direction perpendicular to the rolling
direction, processing it according to JIS standards, and heat-treating it. The hole expansion ratio (HER) was measured
according to VDA standards.

[Table 3]

Category

Aret
(%)

Aret[ C] B+M
(%)

MnS
Area
Fraction
(%)

Yield
Strength
(MPa)

Tensile
Strength
(MPa)

Total
Elongation
(%)

Uniform
Elongation
(%)

Hole
Expansion
Ratio (%)

Remarks

Inv. Ex. 1 3.2 1.26 7.6 0.05 392 607 33.4 20.9 67.2 Inv. Steel
1

Inv. Ex. 2 2.5 1.31 6.4 0.09 406 610 30.7 19.4 42.1 Inv. Steel
2

Inv. Ex. 3 2.0 1.40 8.2 0.09 387 655 28.9 18.9 40.2 Inv. Steel
3

Inv. Ex. 4 2.1 1.43 8.5 0.10 390 665 30.9 18.3 44.5 Inv. Steel
4

Inv. Ex. 5 4.2 1.17 7.5 0.03 391 632 35.0 19.9 48.3 Inv. Steel
5

Inv. Ex. 6 3.4 1.35 7.8 0.10 393 625 32.8 20.5 51.0 Inv. Steel
6

Comp.
Ex. 1

2.9 1.32 7.5 0.15 397 644 31.8 19.5 40.8 Comp.
Steel 1

Comp.
Ex. 2

2.4 1.35 6.2 0.14 403 617 33.6 19.9 42.3 Comp.
Steel 2

Comp.
Ex. 3

2.9 1.48 9.3 0.02 328 726 26.0 15.9 38.4 Comp.
Steel 3

Comp.
Ex. 4

2.6 1.51 10.2 0.11 326 733 27.2 15.4 37.8 Comp.
Steel 4
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(continued)

Category

Aret
(%)

Aret[ C] B+M
(%)

MnS
Area
Fraction
(%)

Yield
Strength
(MPa)

Tensile
Strength
(MPa)

Total
Elongation
(%)

Uniform
Elongation
(%)

Hole
Expansion
Ratio (%)

Remarks

Comp.
Ex. 5

2.1 1.48 10.7 0.13 339 742 24.7 15.4 37.4 Comp.
Steel 5

Comp.
Ex. 6

3.6 1.26 7.8 0.13 393 617 31.2 19.5 47.7 Comp.
Steel 6

Comp.
Ex. 7

3.4 1.32 7.9 0.03 343 595 32.2 19.6 51.1 Inv. Steel
5

Comp.
Ex. 8

4.2 1.23 8.6 0.11 376 692 27.3 17.5 39.4 Inv. Steel

Inv. Ex. 7 3.0 1.29 7.6 0.06 338 521 38.7 23.2 55.2 Inv. Steel
7

Inv. Ex. 8 3.0 1.30 7.7 0.05 421 687 29.5 18.0 54.1 Inv. Steel
8

Inv. Ex. 9 2.9 1.34 8.0 0.08 410 679 28.2 17.3 47.6 Inv. Steel
8

Inv. Ex. 10 2.9 1.34 8.0 0.07 407 645 32.7 19.9 48.3 Inv. Steel
10

*In Table 3, Aret(%) represents the area fraction of retained austenite, and Aret[C] represents the amount of dis-
solved carbon in the retained austenite phase.

[0084] As shown in Tables 1‑3, the cold-rolled steel sheets, hot-dip galvanized steel sheets, and galvannealed steel
sheets of Inventive Examples (1‑10), in which the steel composition and manufacturing process conditions satisfy the
scope of the present invention, were measured to have a high carbon solid solution content in the retained austenite
phase and a relatively low sum of the fractions of bainite and martensite, at 9 area% or less. Therefore, based on
these results, it can be confirmed that they exhibit a uniform elongation of 18% or more and a hole expansion ratio
(HER) of 40% or more.
[0085] In contrast, Comparative Examples 1‑6, which did not satisfy Relational Expressions 1‑3 in terms of steel
composition, had a sum of the fractions of bainite and martensite phases that relatively exceeded 9 area%, or had a
uniform elongation value of less than 18%, and also had poor hole expansion properties. Furthermore, Comparative
Examples 7‑8, in which the steel composition was within the scope of the present invention but the manufacturing
conditions were outside the scope of the present invention, exhibited poor mechanical properties. Specifically, Com-
parative Example 7 with a low annealing temperature had poor yield strength, while Comparative Example 8 with an
excessively high annealing temperature had poor uniform elongation and hole expansion properties.
[0086] Meanwhile, FIG. 1 shows the results of measuring the distribution of MnS inclusions observed across the
thickness of the cold-rolled steel sheet of Inventive Example 2 in an embodiment of the present invention. And FIG. 2
shows the results of measuring the distribution of MnS observed across the thickness of the cold-rolled steel sheet of
Comparative Example 4. In the case of the inventive example, it can be seen that the sulfur (S) content is relatively
low, and the area fraction of MnS inclusions and their distribution are relatively uniform.
[0087] Meanwhile, FIG. 3 shows the enrichment amount of (Ni+Cu) measured on the surface layers of the steel
sheets of Inventive Example 2 and Comparative Example 4. It can be seen that in the steel with a low (Ni+Cu) content,
the surface enrichment amount is relatively small, and depending on the degree of this enrichment, the decrease in
surface hardness due to decarburization on the surface of the steel sheet can be compensated.
[0088] As described above, although the detailed description of the present invention has described preferred
embodiments of the present invention, it is a matter of course that various modifications are possible for those with
ordinary skill in the art to which the present invention pertains, without departing from the scope of the present
invention. Therefore, the scope of the rights of the present invention should not be limited to the described embodi-
ments, but should be determined by the claims described below as well as their equivalents.
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Claims

1. A cold-rolled steel sheet, comprising: by weight%, C: 0.06 to 0.09%, Mn: 1.2 to 1.6%, Si: 1.3 to 1.7%, P: 0.02% or
less, S: 0.007% or less, Al: 0.05% or less, Cr: 0.2% or less (including 0%), Ni: 0.2% or less (including 0%), Cu:
0.3% or less (including 0%), Ti: 0.02% or less (including 0%), Ca: 0.0040% or less (including 0%), N: 0.01% or
less, and a sum of Cr+Ni+Cu content of 0.7% or less, with the remainder being Fe and other impurities,
wherein the following Relational Expression 1 is satisfied:

2. The cold-rolled steel sheet of claim 1, further satisfying the following Relational Expression 2:

3. The cold-rolled steel sheet of claim 1, wherein a difference between a (Ni+Cu) content at a thickness position 0.1
µm directly below a surface layer of the steel sheet and a (Ni+Cu) content at a thickness position 50 µm from the
surface layer satisfies the following Relational Expression 3:

4. The cold-rolled steel sheet of claim 1, further comprising one or more selected from the group consisting of Boron
(B) in an amount of 0.005% or less and Antimony (Sb) in an amount of 0.03% or less.

5. The cold-rolled steel sheet of claim 1, wherein a hot-dip galvanized layer is formed on one side of the cold-rolled
steel sheet.

6. The cold-rolled steel sheet of claim 1, wherein a galvannealed layer is formed on one side of the cold-rolled steel
sheet.

7. The cold-rolled steel sheet of claim 1, wherein the cold-rolled steel sheet has a microstructure comprising, by area
%: bainite + martensite: 9% or less, retained austenite: 5% or less, and a remainder of ferrite.

8. The cold-rolled steel sheet of claim 1, having a tensile strength of 590 MPa or more, a uniform elongation of 18%
or more, and a hole expansion ratio (HER) of 40% or more.

9. A method for manufacturing a cold-rolled steel sheet, the method comprising the steps of:

heating a steel slab to a temperature range of 1150 to 1300°C, the steel slab comprising: by weight%, C: 0.06
to 0.09%, Mn: 1.2 to 1.6%, Si: 1.3 to 1.7%, P: 0.02% or less, S: 0.007% or less, Al: 0.05% or less, Cr: 0.2% or
less (including 0%), Ni: 0.2% or less (including 0%), Cu: 0.3% or less (including 0%), Ti: 0.02% or less
(including 0%), Ca: 0.0040% or less (including 0%), N: 0.01% or less, and a sum of Cr+Ni+Cu content of
0.7% or less, with the remainder being Fe and other impurities, and satisfying the following Relational
Expression 1;
obtaining a hot-rolled steel sheet by finish hot-rolling the heated slab in a temperature range of 800 to 1000°C;
cooling the hot-rolled steel sheet and coiling it at a temperature of 510 to 620°C;
cold-rolling the coiled steel sheet at a cold reduction ratio of 30 to 70%; and
heating the cold-rolled steel sheet to a temperature of 780 to 820°C, then performing a first slow cooling to
600‑700°C, followed by a second rapid cooling to a temperature range of 350 to 450°C at an average cooling
rate of 10°C/sec or more, and then holding for 100 to 700 seconds.
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10. The method of claim 9, wherein the steel slab further satisfies the following Relational Expression 2:

11. The method of claim 9, wherein the steel slab further comprises one or more selected from the group consisting of
Boron (B) in an amount of 0.005% or less and Antimony (Sb) in an amount of 0.03% or less.

12. The method of claim 9, wherein the manufactured cold-rolled steel sheet has a microstructure comprising, by area
%: bainite + martensite: 9% or less, retained austenite: 5% or less, and a remainder of ferrite.

13. The method of claim 9, wherein in the manufactured cold-rolled steel sheet, a difference between a (Ni+Cu)
content at a thickness position 0.1 µm directly below a surface layer of the steel sheet and a (Ni+Cu) content at a
thickness position 50 µm from the surface satisfies the following Relational Expression 3:

14. The method of claim 9, further comprising a step of manufacturing a hot-dip galvanized steel sheet by heating the
maintained cold-rolled steel sheet to a temperature range of 400 to 470°C and then performing hot-dip galvaniz-
ing.

15. The method of claim 14, further comprising a step of manufacturing a galvannealed steel sheet by heating the hot-
dip galvanized steel sheet to a temperature of 500 to 560°C and then performing an alloying heat treatment.

16. The method of claim 15, further comprising performing skin pass rolling on the galvannealed steel sheet with an
elongation of 0.1 to 1.5%.
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