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(54) High-strength steel sheets and processes for production of the same

(57) A high strength steel sheet with both excellent
elongation and stretch-flanging performance is provided.

The high strength steel sheet of the presentinvention
comprises, in percent by mass, C: 0.05 to 0.3%, Si: 0.01
to 3.0%, Mn: 0.5 to 3.4%, Al: 0.01 to 0. 1%, and Fe and
inevitable impurities as the remainder, and has a struc-
ture mainly composed of tempered martensite and an-
nealed bainite. The space factor of the tempered mar-
tensite is 50 to 95%, the space factor of the annealed
bainite is 5 to 30%, and the mean grain size of the tem-
pered martensite is 10 wm or smaller in terms of the
equivalent of a circle diameter. The steel sheet has a
tensile strength of 590 MPa or higher.

The high strength steel sheet of the presentinvention
has a space factor of the martensite phase which is a

main component of the metal structure is 80% or higher;
the mean grain size of the martensite phase is 10 wm or
smaller in terms of the equivalent of a circle diameter; in
the martensite phase, the space factor of the martensite
phase having a grain size of 10 wm or larger in terms of
the equivalent of a circle diameter is 15% or lower; and
the space factor of the retained austenite phase in the
metal structure is 3% or lower.

The high strength steel sheet of the presentinvention
is a dual phase steel sheet mainly composed of a ferrite
phase and martensite, and the space factor of the ferrite
phase is 5 to 30%, and the space factor of the martensite
phase is 50 to 95%. Moreover, the ferrite phase is an-
nealed martensite.
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Description
[Technical Field]

[0001] The presentinvention relates to a high strength steel sheet for which high press formability is required, typically
including steel sheets for automobiles, particularly to a high strength steel sheet with both elongation and stretch-flanging
performance and a method for manufacturing the same.

[Background Art]

[0002] High strength steel sheets, which are generally used by being press-molded, are used in industrial product
such as automobiles, electric devices and industrial machines. Since high strength steel sheets are used for the purpose
of lightening industrial products, they need not only have high strength, but also have the ability to form various config-
urations of the products. Accordingly, it is required for high strength steel sheets to have excellent press formability. To
meet this requirement, high-strength steel sheets having excellent elongation and stretch-flanging performance, which
are necessary for improving press formability, are required.

[0003] Examples of known steels having such characteristics include dual phase steel (DP steel) whose metal structure
is composed of a ferrite phase and a martensite phase, as described in Patent document 1. Since this DP steel can
ensure ductility (elongation) due to its soft ferrite and strength due to its rigid martensite, it has both strength and
elongation (in particular, uniform elongation). However, because of the coexistence of soft ferrite and rigid martensite,
distortion (stress) is concentrated at the interface of the two phases when deformed, and therefore the interface is likely
to serve as the starting point of rupture, thereby disadvantageously preventing ensuring stretch-flanging performance
(local elongation).

[0004] Examples of steel sheets which expectedly have ductility (especially, uniform elongation) higher than those of
DP steels include TRIP steels utilizing the TRIP (Transformation Induced Plasticity) phenomenon, as described in Patent
document 2. This TRIP steel is a steel sheet in which uniform elongation is increased by transforming retained austenite
into martensite during deformation (working-induced transformation). However, since martensite which has been trans-
formed from retained austenite in the TRIP steel is extremely hard, it likely serves as the starting point of rupture, lowering
the stretch-flanging performance of the steel sheet.

[0005] Other methods of improving the stretch-flanging performance of the high strength steel sheets include that in
which the metal structure is single-phase structure and localization of process distortion is suppressed by homogenizing
the in the metal structure, and that in which a difference in strength between a soft phase having a multi-phase metal
structure and a hard phase is reduced.

Since martensite single-phase structure steel sheet has a uniform structure, it is known as a steel sheet which has both
strength and stretch-flanging performance. However, the martensite single-phase structure steel sheet disadvanta-
geously has low ductility, and insufficient elongation.

[0006] Patent document 3 discloses a high-stretch-strength cold-rolled steel sheet in which martensite single-phase
structure is achieved by justifying the composition and heat treatment conditions of the steel sheet, and tensile strength
is 880 to 1170 MPa. That s, the high-stretch-strength cold-rolled steel sheet of Patent document 3 is produced by heating
and retaining a steel sheet having a predetermined composition range at 850°C, which is normally reachable temperature
industrially, to transform the steel sheet into austenite, and then rendering it a martensite single-phase structure. A steel
sheet of a martensite single-phase structure produced by this invention has a tensile strength of 880 to 1170 MPa, and
thus has excellent stretch-flanging performance. However, it has elongation EL (%) lower than 8% and thus has low
ductility. In the high strength steel sheet of the invention of Patent document 3, if ductility is improved, press formability
can be further improved.

[0007] Moreover, Patent document 4 discloses a method for manufacturing a high tensile strength steel sheet, in
which a steel sheet in which the ratio by volume of a low-temperature transformation phase comprising a martensite
phase and others and a retained austenite phase is 90% or higher of the entire metal structure is heated and retained
to produce a two phase region: a ferrite phase and an austenite phase, a metal structure comprising a fine ferrite phase
which has succeeded the laths of the low-temperature transformation phase and the austenite phase is provided, and
finally the steel sheet is given such a metal structure that comprises ferrite and the low-temperature transformation
phase finely dispersed in the form of laths.

[0008] However, since the steel sheet produced by the steelmaking method disclosed in Patent document 4 has a
relatively high cooling stop temperature in the steelmaking process, a large amount of bainite is deposited, while a large
amount of retained austenite also remains therein, and therefore the steel sheet has excellent ductility, but has insufficient
stretch-flanging performance. By the steelmaking method of Patent document 4, a steel sheet which is excellent in both
elongation and stretch-flanging performance cannot be produced.
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[Patent document 1] Japanese Unexamined Patent Application Publication (JP-A) No. S55-122820
[Patent document 21 JP-A-S60-43425

[Patent document 3] Japanese Patent No. 3729108

[Patent document 4] JP-A-2005-272954

[Disclosure of the Invention]
[Problem to be Solved by the Invention]

[0009] As mentioned above, since DP steel sheets, TRIP steel sheets, and martensite single-phase structure steel
sheets have their advantages and disadvantages, a steel sheet which has high strength and excellent elongation and
stretch-flanging performance at the same time is required. The present invention has been made to solve such a problem,
and an objectthereofis to provide a high strength steel sheet excellentin both elongation and stretch-flanging performance
and a method for manufacturing the same.

[0010] Another object of the present invention is to provide a high strength steel sheet having a tensile strength of
780 MPa or higher, in which elongation and stretch-flanging performance are both improved, and a method for manu-
facturing the same.

[Means for Solving the Problem]

[0011] The high strength steel sheet of the present invention is constituted of, in percent by mass, C: 0.05 to 0.3%,
Si: 3% or less (not including 0%.), Mn: 0.5 to 3.0%; Al: 0.01 to 0.1%, and the remainder comprising iron and inevitable
impurities, has a space factor of a martensite phase which is a main component of a metal structure of 50% or higher,
and has a tensile strength of 590 MPa or higher.

[0012] To this end, the inventors of the present invention have studied various structures that can ensure high strength
and improve elongation, especially stretch-flanging performance at the same time. As a result, the inventors found the
following: by annealed bainite, which is a fine lath-shaped structure, as an initial structure in a two phase temperature
region of ferrite +austenite (hereinafter referred to as "two-phase region annealing".), fine annealed bainite produced in
a base material acts in a manner of suppressing the growth of austenite, fine tempered martensite is produced from
austenite by the following hardening and tempering, and the entire structure is formed from these microstructures.
Therefore, elongation and stretch-flanging performance are improved. The inventors accomplished the presentinvention
based on these findings.

[0013] That is, the high strength steel sheet of the present invention has a structure mainly comprising tempered
martensite and finely dispersed annealed bainite, a space factor of the tempered martensite of 50 to 95%, a space factor
of the annealed bainite of 5 to 30%, and a mean grain size of the tempered martensite in terms of the equivalent of a
circle diameter of 10 um or lower. The term "equivalent of a circle diameter" means the diameter of an anticipated circle
having the same area as the grains of tempered martensite, and is determined by subjecting a structure picture to image
analysis. Moreover, the term "space factor" means the percentage by volume, and is determined by corroding a structure
observation test piece with nital, observing the test piece with an optical microscope (1000 times), and by subjecting
the observed structure picture to image analysis. Moreover, annealed bainite is observed as a body centered cubic
structure in terms of a crystal structure.

[0014] The method for manufacturing a high strength steel sheet with excellent elongation and stretch-flanging per-
formance according to the present invention comprises using a steel sheet having a space factor of bainite in the entire
metal structure of 90% or higher as a material steel sheet; heating and retaining the steel sheet at a temperature of (Acy
point -100°C) or higher but not higher than Ac; point for 0 to 2400 seconds (including 0 seconds), and then cooling to
a transformation start temperature of martensite, Ms point, or lower at an average cooling rate of 10°C/sec. or higher,
subsequently heating and retaining the steel sheet at a temperature of 300 to 550°C for 60 to 1200 seconds. The high
strength steel sheet of the present invention is thus produced. The material steel sheet can be produced by hot rolling
a steel piece having the above-mentioned chemical component or further by cold rolling the same.

Herein, Acs point is a temperature at which a two-phase region comprising an austenite phase and a ferrite phase
transforms into an austenite single-phase region that is stable at high temperatures in a temperature raising step.
[0015] The inventors of the present invention have also invented a high strength steel sheet having a limited ratio by
volume of the retained austenite phase of 3%or lower, which does not affect stretch-flanging performance, and a metal
structure in which a large part of the metal structure is a fine martensite phase.

That is, in the high strength steel sheet of the present invention, the space factor of the martensite phase which is a
main component of the metal structure is 80% or higher; the mean grain size of the martensite phase is 10 wm or smaller
in terms of the equivalent of a circle diameter; the space factor of a martensite phase having a grain size of 10 um or
larger in terms of the equivalent of a circle diameter in the martensite phase is 15% or lower, and the space factor of
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the retained austenite phase in the metal structure is 3% or lower.

[0016] Herein, space factor means a ratio by volume of each phase constituting the metal structure in the steel material
to the entire metal structure. the space factors of the martensite phase and ferrite phase were determined by subjecting
the steel material to repeller corrosion, observing the material by an optical microscope and an SEM (1000 times), and
then subjecting the material to image analysis. The space factor of the retained austenite phase was determined by the
saturation magnetization method (refer to "Netsushori" (heat treatment), Vol.136, (1996)). Moreover, the mean grain
size of the martensite phase is the mean value of the crystal grain size of the martensite phase, and is determined by
structure analysis using a FE/SEM-EBSP at step intervals of 100 nm in the present invention.

[0017] In the metal structure of the high strength steel sheet, the space factor of the fine tempered martensite phase
having a mean grain size of 10 um or smaller is 80% or higher, and therefore a tensile strength of 780 MPa or higher
and excellent ductility are ensured. Moreover, when the space factor of the retained austenite phase is high, stretch-
flanging performance is lowered. However, the space factor of the retained austenite phase is limited to 3% at the highest
in the present invention, and therefore stretch-flanging performance is not lowered.

[0018] In the high strength steel sheet, it is preferable that the martensite phase is a tempered martensite phase; an
annealed martensite phase is contained as the metal structure other than the martensite phase and the retained austenite
phase; and that the space factor of the annealed martensite phase is 3 to 20%.

Such features suppress combination between the crystal grains of the austenite phase and the growth of the same by
the finely dispersed annealed martensite phase. As a result, the final structure is micronized, and the processability of
the high strength steel sheet is ensured.

[0019] The method for manufacturing the high strength steel sheet according to the present invention is for manufac-
turing a high strength steel sheet of the present invention by using a steel sheet in which the total space factor of the
martensite phase and/or of the retained austenite phase in the entire metal structure is 90% or higher as a material steel
sheet, heating and retaining the steel sheet at a temperature of (Ac; point-100°C) or higher, Ac; point or lower for 30 to
1200 seconds, cooling the steel sheet to a transformation start temperature of martensite, Ms point, or lower at an
average cooling rate of 10°C/sec. or higher, and further conducting a heat treatment in which the steel sheet is heated
and retained at a temperature of 300 to 500°C for 60 to 1200 seconds.

[0020] In the high strength steel sheet of the present invention, the structure which is the main part of the metal
structure is a martensite phase and a ferrite phase; the space factor of the martensite phase is 50 to 95% (meaning "%
by volume", and so on); the space factor of the ferrite phase is 5 to 30%; and the mean grain size of the martensite
phase is 10 wm or smaller in terms of the equivalent of a circle diameter.

[0021] The ferrite phase is preferably an annealed martensite.

[0022] The method for manufacturing the high strength steel sheet according to the present invention is for manufac-
turing a high strength steel sheet of the present invention by using, as a material steel sheet, a steel sheet in which the
total space factor of the martensite phase and/or bainite phase in the entire metal structure is 90% or higher and the
grain size of the former austenite is 20 wm or smaller in terms of the equivalent of a circle diameter, heating and retaining
the steel sheet at a temperature of (Acs point -100°C) or higher but not higher than Acs point for 1 to 2400 seconds,
then cooling the steel sheet to a transformation start temperature of martensite, Ms point, or lower at an average cooling
rate of 10°C/sec. or higher, and subsequently conducting a heat treatment in which the steel sheet is heated and retained
at a temperature of 300 to 550°C for 60 to 1200 seconds.

[0023] The high strength steel sheet according to the present invention may comprise, in addition to the above-
mentioned basic components, any of the element groups (a) to (e) described below, or one or more elements selected
from a plurality of groups within a range defined for each element group.

(a) an element selected from Ti, Nb, V and Zr: 0.01 to 1% by mass in total
(b) Ni and/or Cu: 1% by mass or less in total

(c) Cr: 2% by mass or less and/or Mo: 1% by mass or less

(d) 0.0001 to 0.005% by mass of B

(e) Ca and/or REM: 0.003% by mass or less in total

[Effect of the Invention]

[0024] In the present invention, a structure which is mainly composed of especially tempered martensite and finely
dispersed annealed bainite is provided, wherein the space factors thereof are defined to have predetermined amounts,
and the mean grain size of tempered martensite is defined 10 wm or smaller. Accordingly, a high strength steel sheet
which has strength as high as 590 MPa or higher, excellent elongation and stretch-flanging performance, and thus
excellent press formability can be provided.

[0025] According to the present invention, it is also possible to provide a high strength steel sheet in which the space
factor of the retained austenite phase is 3% or lower and the space factor of the fine martensite phase is 80% or higher
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by a relatively simple heat treatment step. Since this high strength steel sheet has a tensile strength of 780 MPa or
higher, and also has excellent elongation and stretch-flanging performance, it is excellent in press formability.

[0026] According to the presentinvention, it is also possible to achieve a high strength steel sheet which has excellent
elongation and stretch-flanging performance at the same time by designing the steel sheet especially for a dual phase
steel sheet mainly composed of a ferrite phase and martensite, ensuring high strength of the steel sheet as a whole,
and appropriately controlling the space factors of especially the ferrite phase and martensite and the mean grain sizes
of the same.

[Best Mode for Carrying out the Invention]

(1)

[0027] The best mode for carrying out the invention will be described below in detail.

A high strength steel sheet according to one embodiment of the present invention is designed to have a structure, as
the main body, in which annealed bainite is finely dispersed in tempered martensite, a space factor of the tempered
martensite of 50 to 95%, a space factor of the annealed bainite of 5 to 30%, a mean grain size of the tempered martensite
of 10 wm or smaller in terms of the equivalent of a circle diameter, and a tensile strength of 590 MPa or higher. The
reasons for limitation of the structure will be described below.

[0028] When the space factor of the annealed bainite is 5% or lower, the pinning effect, which suppresses the growth
of austenite, is weak, and austenite grains grow so that martensite grains become large, thereby preventing ensuring
good elongation. In contrast, when the space factor is higher than 30%, stretch-flanging performance is lowered. For
this reason, the lower limit of annealed bainite is 5%, and preferably 7%, while its upper limitis 30%, and preferably 25%.
[0029] When the space factor of tempered martensite is lower than 50%, strength and stretch-flanging.performance
are lowered. In contrast, when the space factor is higher than 95%, the steel sheet becomes too hard and thus elongation
is lowered. For this reason, the lower limit of the tempered martensite phase is 50%, and more preferably 70%, while
its upper limit is 95%, and preferably 85%.

[0030] The mean grain size of the tempered martensite varies depending on the amount of annealed bainite finely
dispersed. When the grain size is larger than 10 um in terms of the equivalent of a circle diameter, elongation and
stretch-flanging performance are lowered. For this reason, the upper limit is 10 um.

[0031] The structure in which the tempered martensite and annealed bainite coexist constitutes the main part of the
structure of the high strength steel sheet of the present invention. Herein, the main part means 90% or higher, and
preferably 95% or higher, and other structures contained in an amount of less than about 10% are permitted because
they hardly affect elongation, especially stretch-flanging performance. Examples of other structures include ferrite,
pearlite, retained austenite and the like. Of course, the less these structures, the better.

[0032] Chemical component (unit: % by mass) which is preferable for obtaining the structure and strength of the steel
sheet according to the present invention will be described now. Examples of such a chemical component include that
comprises the followings: C: 0.05 to 0.3%, Si: 0.01 to 3.0%, Mn: 0.5 to 3.0%, and Al: 0.01 to 0.1%, and Fe and inevitable
impurities as the remainder. The reasons for component limitation will be described below.

[C: 0.05 to 0.3%]

[0033] C is an important element in producing martensite, and increasing the strength of the steel sheet. When the
amount of C is lower than 0.05%, such an effect is excessively lowered. In contrast, from the perspective of increasing
strength, the higher the amount of C, the more preferable. However, when the amount of C is higher than 0.3%, a large
amount of retained austenite is produced and stretch-flanging performance is lowered. Moreover, weldability is also
deteriorated. For this reason, the lower limit of the amount of C is 0.05%, and preferably 0.07%, while its upper limit is
0.3%, and preferably 0.25%.

[Si: 0.01 to 3.0%]

[0034] Siacts as a deoxidizing element when steel is melted, and is an element effective in increasing strength without
deteriorating the ductility of steel. Si also acts to suppress deposition of coarse carbide which deteriorates stretch-
flanging performance. When the amount of Si is lower than 0.01%, these actions are excessively lowered, while addition
of the same in an amount higher than about 3.0% saturates the effect. For this reason, the lower limit of the amount of
Siis 0.01%, and preferably 0.1%, while its upper limit is 3.0%, and preferably 2.5%.
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[Mn: 0.5 to 3%]

[0035] Mn is an element useful in increasing the hardening characteristics of steel to ensure high strength, but when
its amount is lower than 0.5%, such an action is excessively lowered. In contrast, when its amount is higher than 3%,
ductility is lowered and processability is thus adversely affected. For this reason, the lower limit of the amount of Mn is
0.5%, and preferably 0.7%, while its upper limit is 3%, and preferably 2.5%.

[A1: 0.01 to 0.1%]

[0036] Al is an element which has a deoxidation effect, and needs to be added in an amount of 0.01% or higher to
perform the effect. In contrast, even if it is added in an amount higher than 0.1%, the deoxidation effect is saturated,
and it becomes a source of non-metallic mediators to deteriorate physical properties and surface properties. For this
reason, the lower limit of the amount of Al is 0.01%, and preferably 0.03%, while its upper limit is 0.1%, and preferably
0.08%.

[0037] Preferable chemical components of the steel sheet the present invention include, in addition to the above-
mentioned basic components, Fe and impurities which inevitably get in, for example, P, S, N and O. However, to improve
the mechanical characteristics of the steel sheet, any of the auxiliary element groups (a) to (e) described below, or one
or more element selected from a plurality of groups may be added within the additional permissible range of each group.

(a) One or more elements selected from Ti, Nb, V and Zr in a total amount of 0.01 to 1%
(b) One or more elements selected from Ni and Cu in a total amount of 1% or lower

(c) One or more elements of Cr: 2% or lower, Mo: 1% or lower

(d) B in an amount of 0.0001 to 0.005%

(e) One or more elements selected from Ca and REM in a total amount of 0.003% or lower

[One or more member of Ti, Nb, V and Zr: in a total amount of 0.01 to 1%]

[0038] These elements form precipitates such as carbides, nitrides, and carbonitrides together with C and N, and
contribute to the improvement of strength. They also have an action to increase elongation and stretch-flanging per-
formance by micronizing crystal grains during hot rolling. When the total amount of these elements added is 0.01%,
such an action is excessively lowered. In contrast, when the amount is higher than 1%, elongation and stretch-flanging
performance are lowered rather than increased. For this reason, the lower limit of the total amount of one or more of
these elements is 0.01%, and preferably 0.03%, while its upper limit is 1.0%, and preferably 0.7%.

[One or more members of Ni and Cu: in a total amount of 1% or lower]

[0039] These elements are effective in maintaining the balance of strength and ductility high and realizing high strength
at the same time. To effectively exhibit such an effect, it is preferable to add the elements in an amount of 0.05% or
higher. Meanwhile, the higher the amount of these elements contained, the higher the above-mentioned effect, but when
the total amount of one or more of these elements is higher than 1%, such an effect is saturated, and cracks may occur
during hot rolling. For this reason, the upper limit of the total amount of these elements is 1.0%, and preferably 0.7%.

[One or more members of Cr: 2% or lower, Mo: 1% or lower]

[0040] These elements are both effective in stabilizing the austenite phase, and facilitating the generation of bainite
in the course of cooling. The higher the amount of the elements contained, the higher the effect, but when they are
contained in an excessive amount, ductility is deteriorated rather than improved. For this reason, the amount of Cr is
2.0% or lower, and more preferably 1.5% or lower, while the amount of Mo is 1.0% or lower, and more preferably 0.7%
or lower.

[B: 0.0001 to 0.005%]

[0041] B is an element effective in improving hardening characteristics, and increasing the strength of the steel sheet
when added in a minute amount. To perform such an effect, it is preferable that the element is contained in an amount
of 0.0001% or higher. However, when the amount of B contained is excessive and higher than 0.005%, crystal grain
boundaries may be embrittled and cracks may occur during rolling. For this reason, the upper limit of the amount of B
is 0.005%.
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[One or more members of Ca and REM: in a total amount of 0.003% or lower]

[0042] These elements are effective in controlling the form of sulfide in the steel and improving processability. The
higher the amount of the elements contained, the higher such an effect, but when they are contained in an excessively
high amount, the above-mentioned effect is saturated. Therefore, the upper limit of the total amount of one or more
members of these elements is 0.003%.

[0043] The method for manufacturing the high strength steel sheet according to an embodiment of the presentinvention
will be now described. First, a material steel sheet which has the above-mentioned chemical components and a space
factor of bainite to the entire structure of 90% or higher is prepared. Second, this material steel sheet is retained at a
temperature of (Acz point-100) °C or higher but not higher than Ac, for 0 sec. or longer but nor longer than 2400 sec.,
and then an annealing heat treatment is carried out, in which the material steel sheet is cooled to the martensite
transformation start temperature, Ms point, or lower at an average cooling rate of 10°C/sec. or higher. Subsequently, a
tempering heat treatment is carried out, in which the material steel sheet is retained at 300°C or higher but not higher
than 550°C for 60 sec. or longer but not longer than 1200 sec., whereby a microstructure steel sheet mainly composed
of the tempered martensite and annealed bainite and having a tensile strength of 590 MPa or higher is obtained.
[0044] The material steel sheet can be produced by the steps described below. First, steel having the above-mentioned
chemical components is melted, By using the steel slab, hot rolling is terminated in such a manner that the finishing
temperature is not lower than Ar; point. Second, the steel slab is cooled at an average cooling rate of 10°C/sec. or higher
to the bainite transformation temperature (about 350 to 450°C), and is wound up at the same temperature. When the
finishing temperature is lower than Ar; point or the cooling rate after the hot rolling is lower than 10°C/sec., a ferrite
phase is likely to be produced in the hot-rolled steel sheet, and the space factor of bainite of the material steel sheet
becomes lower than 90%. The material steel sheet used may be a cold-rolled steel sheet produced by hot rolling steel
and then subjecting the steel to an acid cleaning process and cold rolling. In the steel types which contain Ti, Nb, V and
Zr, to re-solutionize precipitates containing the elements produced before hot rolling, it is preferable to heat and retain
the steel piece at a relatively high temperature during hot rolling.

[0045] As for the material steel sheet, the space factor of bainite can be made 90% or higher by subjecting a hot-
rolled steel sheet which does not meet the above hot rolling condition and cooling condition to preliminary annealing.
This preliminary annealing is a heat treatment in which a hot-rolled steel sheet is retained in a temperature range of Acy
point or higher for about 5 seconds, and then the steel sheet is cooled at an average cooling rate of 10°C/sec. or higher
to the bainite transformation temperature. When the retaining temperature is lower than Ac; point, the ferrite phase is
likely to be produced in the steel sheet, and the space factor of bainite is lowered. Even when the steel sheet is retained
at a temperature Acs point or higher, if the retaining time is shorter than about 5 seconds, transformation into austenite
is insufficient, and therefore the space factor becomes lower than 90%. Even when the steel sheet is subjected to the
preliminary annealing, it can be cold-rolled thereafter to prepare as a cold-rolled steel sheet, and this can be used as
the material steel sheet.

[0046] After the material steel sheet is prepared, the material steel sheet is retained at a temperature (Acs point -100)
°C or higher but not higher than Acs for 0 sec. or longer (including 0 sec.) but not longer than 2400 sec., and then two-
phase region annealing is carried out, in which the material steel sheet is cooled to the martensite transformation start
temperature, Ms point, or lower at an average cooling rate of 10°C/sec. or higher, followed by tempering. By such a heat
treatment, the structure of the high strength steel sheet according to the present invention is obtained. First, the conditions
of the two-phase region annealing will be described below.

[0047] The reason why the annealing temperature of the two-phase region annealing is set to (Acs point -100) “C or
higher but not higher than Ac; is as follows: When the annealing temperature is set to a temperature range higher than
Acs point in which the austenite single phase is stable, the crystal grains of austenite grow in the material steel sheet
and combine with each other to become coarse, and the growth inhibitory effect (pinning effect) of austenite by finely
dispersed annealed bainite cannot be obtained. For this reason, a fine dual phase steel sheet cannot be obtained, and
the stretch-flanging performance of the high strength steel sheet is lowered. In contrast, if the steel sheet is annealed
at a temperature lower than (Ac; point -100) °C, transformation into austenite does not proceed sufficiently, and the
space factor of martensite after the heat treatment becomes lower than 50%, and the stretch-flanging performance of
the steel sheet is thus lowered.

[0048] As for the annealing time (heating and retaining time), austenite having a space factor of about 50% and thus
martensite can be obtained simply by heating the steel sheet to the annealing temperature, but the time is preferably 1
sec. or longer, and more preferably 5 seconds or longer. In contrast, if the material steel sheet is retained longer than
necessary, austenite grains become coarse, and fine martensite cannot be obtained. Therefore, it is preferable that the
retaining time is limited to 2400 sec. or shorter, and preferably 1200 sec. or shorter.

[0049] Whenthe average cooling rate after heating and retaining is lower than 10°C/sec. or the cooling stop temperature
is higher than the martensite transformation start temperature, Ms point, a retained austenite phase, a pearlite phase
and a ferrite phase are produced, a cementite phase is deposited, and structures other than martensite are formed from
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austenite in large amounts, whereby elongation and stretch-flanging performance are lowered.

[0050] Tempering (reheating treatment) is carried out after the two-phase region annealing, which is a process for
improving elongation and stretch-flanging performance by softening hard martensite, and decomposing retained austen-
ite which produces martensite by working-induced transformation. Tempering conditions are as follows: the material
steel sheet is retained at a temperature of 300°C or higher but not higher than 550°C for 60 sec. or longer but not longer
than 1200 sec. The cooling rate after retaining is not especially limited.

[0051] When the tempering temperature is lower than 300°C, softening of martensite is insufficient, and the elongation
and stretch-flanging performance of the steel sheet are lowered. In contrast, when the temperature is higher than 550°C,
a coarse cementite phase is deposited, and the stretch-flanging performance of the steel sheet is lowered. For this
reason, tempering is carried out at a temperature of 300°C or higher but not higher than 550°C.

[0052] When the retaining time of tempering is shorter than 60 sec., softening of martensite is insufficient, while when
the time is longer than 1200 sec. , martensite is too softened, which makes ensuring strength difficult, and deposition
of cementite lowers the stretch-flanging performance of the steel sheet. For this reason, the lower limit of the retaining
time during tempering is 60 sec., preferably 90 sec. or longer, and more preferably 120 sec., and the upper limitis 1200
sec., preferably 900 sec., and more preferably 600 sec.

[0053] The present invention will be described in more detail below with reference to Examples, but the present
invention should not be interpreted as being restricted by such Examples.

(Example 1)

[0054] Steelslabs having chemical compositions shown in Table 1 below were melted, and the steel slabs were heated
toabout 1000 to 1100°C. The steel slabs were subjected to hot rolling or further preliminary annealing under the conditions
described in Table 2 below, producing material steel sheets. The average cooling rate after the hot rolling was 50°C/sec.
test pieces for observing structures were collected from the material steel sheets, and the space factors of bainite were
determined by observing structure constitutions with a microscope and subjecting microscope structure pictures after
being corroded with nital to image analysis. The values of Ac; point and Ms point calculated from the components by a
known equation are also shown in Table 1 for reference. Moreover, the results of structure observation are also shown
in Table 2. The obtained material steel sheets were subjected to final annealing (two-phase region annealing) and
tempering under the conditions shown in Table 3 below, producing sample steel sheets.

[0055]
[Table 1]
Chemical components (% by mass) Transformation
Steel P o by temperature ("C) Remarks
symbol
C Si Mn P S Al Others Ac, Ms
A 0.11 | 1.21 | 1.62 | 0.011 | 0.001 | 0.044 — 873 448 Component
of invention
B 018 | 1.54 | 2.06 | 0.120 | 0.002 | 0.048 — 934 406 Component
of invention
C 0.01 | 0.88 | 1.56 | 0.012 | 0.002 | 0.044 — 908 487 Component
of
comparison
D 0.08 | 1.86 | 2.29 | 0.016 | 0.001 | 0.039 — 894 433 Component
of invention
E 0.25 | 1.55 | 2.01 | 0.020 | 0.002 | 0.034 — 845 382 Component
of invention
F 0.35 | 1.51 | 2.01 | 0.012 | 0.002 | 0.033 — 819 346 Component
of
comparison
G 0.18 | 0.05 | 2.05 | 0.009 | 0.001 | 0.031 — 783 406 Component
of invention
H 0.16 | 2.63 | 1.22 | 0.009 | 0.002 | 0.034 — 930 446 Component
of invention
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(continued)

Transformation

H [v)
Steel Chemical components (% by mass) temperature ("C) Remarks
symbol
] Si Mn P S Al Others Acy Ms

| 0.21 | 3.52 | 1.99 | 0.011 | 0.001 | 0.038 — 938 398 Component
of

comparison

J 0.14 | 1.54 | 0.38 | 0.009 | 0.003 | 0.039 — 913 486 Component
of

comparison

K 0.13 | 1.56 | 0.62 | 0.009 | 0.001 | 0.038 — 909 480 Component

of invention

L 0.21 124 | 2.78 | 0.006 | 0.002 | 0.033 Zr:0.021 806 367 Component

of invention

M 0.19 | 1.53 | 3.49 | 0.013 | 0.001 | 0.033 — 808 346 Component
of

comparison

N 0.17 | 1.38 | 2.02 | 0.015 | 0.002 | 0.005 V:0.018 842 409 Component

of invention

(0] 0.19 | 1.32 | 1.97 | 0.011 | 0.003 | 0.089 — 865 407 Component

of invention

P 0.17 | 142 | 2.06 | 0.012 | 0.001 | 0.167 — 903 413 Component
of

comparison

Q 0.17 | 1.39 | 2.00 | 0.009 | 0.002 | 0.019 Ni:0.2 842 411 Component

of invention

R 0.16 | 1.56 | 1.93 | 0.010 | 0.001 | 0.031 Cu:0.1 860 418 Component

of invention

S 0.17 | 1.33 | 219 | 0.012 | 0.002 | 0.042 Cr:0.35 841 397 Component

of invention

T 0.16 | 1.27 | 2.03 | 0.015 | 0.003 | 0.042 Mo:0.1 855 414 Component

of invention

U 0.18 | 1.36 | 1.93 | 0.016 | 0.003 | 0.045 B:0.0002 856 411 Component

of invention

\% 0.17 | 1.40 | 1.97 | 0.014 | 0.002 | 0.039 | Ca+REM: 855 413 Component

0.001 of invention

(Note) Remainder is Fe and inevitable impurities

[0056]




EP 2 465 962 A1

uosuedwod
Josuonipuoc) 6 A+g 0oy 0S ocl 006 00G 088 N el
uonuaAUl
Josuonipuoc) ¥6 A+g (00} % 0S 09¢ 0€6 0SS 006 1 cl
uonuaAUl
josuonipuo)d 96 A+g oev 0S ocl 0€6 0SS 006 A L
uosuedwod
josuonipuoc)d G6 A+g (0[0)% (0]°] 09 0€6 00G 006 r 0l
uosledwoo
Josuonipuoc)d .8 g (00} % 0S ocl 0€6 0SS 006 | 6
uonuaAUl
Jo suonipuoc) L6 A+g 0oy (0]°] ocl 0€6 009 088 H 8
uonuaAUl
Jo suonipuoc)d 00l g 0oy (017 09 0lL6 00G 008 9] L
uosiedwoo
Jo suonipuo) 16 A+g 0S¢ (0]°] ocl 0€6 00S 088 4 9
uonuaAUl
Jo suonipuoc)d 6 A+g 0.L€ 08l 006 0SS 068 3 g
uonuaAUl
Jo suonipuo)d 96 A+g 0oV (0]°] ove 0€6 0SS 098 a 14
uosledwoo
Jo suonipuoc) Gg A+o+g ocy 0¢ 06 0€6 00G 0.8 e} €
uonuaAUl
Josuonipuoc) ¥6 A+g (0[0)% (0]°] ocl 0S6 0SS 0S6 d 4
uonuaAUl
Jo suonipuoc) 16 A+g (0[0)% (0]°] ocl 006 0SS 0€6 \Y I
0. 0. 0. Q.
9% eyuleq o | uonnmsuod | ainjesedws) 998/, "09s aWI) ainesadws) | aimesedws) | einesadwa) l0quiAs
Sylewsy 10108} 90BdSG aseyd dojsBuijooy | eyesBuioon | Buluierey BunesH Buipuipy Bulysiuig |991S 'ON 8|dwes
2INjonu)s 199Ys [99]s [eLale suonipuod Buliesuue Aleulwieid suonIpuod Bulloi-joH
[¢ aiqelL]
o e o S 8 8 5 g g 3 3

10



EP 2 465 962 A1

uonuaAUl
Jo suonipuo) 96 A+g — — — — 0S¢ 0€6 S| 9C
uonuaAUl
Jo suonipuo) 96 A+g — — — — 00y 006 v 14
uonuaAUl
Jo suonipuo) 16 A+g — — — — 0cy 0€6 S| 144
uonuaAUl
Jo suonipuo) 26 A+g — — — — 00y 0€6 S| €c
uonuaAUl
Jo suonipuod v6 A+g 00t 0§ ocl 068 06§ 006 A cc
uonuaAuUl
O suonipuod €6 A+g 00t 0§ ocl 006 06S 006 n ¥4
uonuaAUl
Jo suonipuod 96 A+g (01974 0§ ocl 048 06§ 006 1 (114
uonuaAUl
JO suonipuod v6 A+g 00t 0§ (0% 088 0SS 006 S 6l
uonuaAuUl
JO suonipuod v6 A+g 00t 0§ ocl 068 06S 088 o 8l
uonuaAUl
O suonipuod €6 A+g 00t (014 ocl 048 06S 0.8 O Ll
uospedwod
Jo suonipuod 96 A+g 00t 0§ 08l 0€6 06§ 006 d 9l
uonuaAUl
JO suonipuod v6 A+g (01974 0g 0€ 088 00S 006 (0] Gl
uonuaAuUl
Jo suonipuod G6 A+g 00t 0g ocl 098 00S 006 N 142
0. 2. 2. 0.
oyrewoy .NN ajuleq jo | uopnsuod | ainjeladws) "098/D), "09S aWl) ainjesodwa) | ainjesodws) | ainjesadws) loquiAs .
1oe}90edg aseyd dojs Buijoo) | ejesbuijoo) | Buluieley BunesH Buipuipy Buysiui4 lo01S ON ®jdwes
alnjonJ}s Josys [99)s |elale|y suonipuod Buliesuue Aeujwijaid suoppuod Buljjos-joH
(panunuod)
© e 2 b & 8 3 S R 3 8

11



EP 2 465 962 A1

ajuajsny A ‘ejuleq :g ‘eue4 10 (810N)

uoluaAUl
josuonipuod 86 A+g — — — — (01597 0¢6 v e
0. Q. 0. 0.
% d}uleq Jo uoinsuod | ainjelsadwsy "09S/D), "09S awWi} ainjesadwsa} | ainjesodws) | ainjesadws) [OqIAS
syleway ‘oN 9|dwes
Jojoe}aoedg aseyd dojs Buijoon | aeibuloo) Buiuiejoy BunesH Buipuipy Buiysiui4 j091g
2INJoNJ}s }98Ys |99}s |elBJe suolipuod Buljesuue Aleuiwiald suolipuod Bujjoi-joH
(panunuod)
© e 2 & & 3 5 S < 3 r

12



10

15

20

25

30

35

40

45

50

55

[0057]

EP 2 465 962 A1

13



EP 2 465 962 A1

uosuedwoo

40 suopipuo) 08l 001 0¢c 00¢ 08l 0LL N €l
uonuUBAUI
40 suoRlipuo) 08l 00s 0¢ 00¢ ocl 0LL 1 Zl
uonuUaAUI
40 suolipuo) 08l 0cs 0c 00S 08l 0S8 A L
uosuedwoo
40 suopipuo) 08l 0Sv 0¢ 00¢ 00l 008 r ol
uosuedwod
40 suoplipuod ocl 0S¢ 0¢c 00¢ 00l 0.8 | 6
uonuUaAUI
40 suolipuo) 08l 00s 0S 00¢ 0S¢ olLe H 8
uonuUaAUI
40 suoplipuod ocl 001 (0[0)% 00¢ ocl 0G. 9] L
uosuedwod
40 suoRlipuo) 08l 0S¢ 0¢c 00¢ 0ce olL8 E| 9
uonuUBAUI
40 suopipuo) ocl 0cs 0¢ 00¢ 08 Gl8 3 S
uonuUaAUI
40 suoRlipuo) 08l 00s 0¢ 00¢ 08l 0.8 a 14
uosuedwoo
40 suoRlipuo) 08l 00s 0¢c (0[0)% 00¢ 0S8 0 €
uonuUBAUI
40 suoRlipuo) ocl 001 0¢c 00S 08l 0S8 3| 4
uonuUBAUI
40 suoRlipuo) 08l 001 0¢c 00S 08l 0S8 \4 L
‘089S D, aineladws) | O, ainjeladws) "09S/D), ‘089S 0. ainesadwa)
syJeway awi Buluieyey BunesH doys Buijoon ajel Buijoo) awi Buluieyey BunesH loquiAs [99)S | "ON odwies
suonipuod Buuadwsa | suonipuod bBuieauue |eul
[€ alqe]
© 2 2 & & 3 5 S < 3 r

14



EP 2 465 962 A1

UonuUaAUL
0 suoipuo) 08l 00§ 0¢ 00§ oclL 008 v e
uonuaAul
0 suoipuo) 08l 00§ 0c 00¢ 08l 0S8 S| 9C
uonuaAul
0 suolipuo) 08l 0svy 0¢ 00¢ 08l 0S8 \4 14
uonuUaAUl
0 suoipuo) oclL 00§ 0c 00¢ oclL 006 S| ve
uonuaAul
0 suonipuo) 08l 0S¥y 0¢ 00¢ 08l 088 S| €¢
uonuUaAUl
J0 suoipuo) 08l 00§ 0c 00§ oclL 0¢8 A 44
uonuUaAul
J0 suoipuo) 08l 00S 0c 00§ 08l 0¢8 n (¥4
uonuUaAul
0 suoipuo) 08l 00§ (14 00¢ 09 0S8 1 0¢
uonuaAul
0 suoipuo) 08l 00§ 0¢ 00¢ oclL 0L8 S 6l
uonuUaAul
0 suoipuo) 08l 00§ 0¢ 00§ oclL 0¢8 d 8l
uonuUaAul
0 suoipuo) 9l 00§ 0¢ 00§ 08l 628 O Ll
uosiedwod
0 suoipuo) oclL 00 0¢ 0oL oclL 088 d 9l
uonuUaAul
0 suoipuo) 08l 00§ 0¢ 00¢ 08l 0S8 0} Sl
uonuUaAul
0 suoipuo) 08l 00§ 0¢ 00§ oclL 0¢8 N 14"
'09S 0, ainjesadwa) 0, ainjesadwa} "098/D, '09S 0, ainesadwa)
sylewoay aw) Buluieyey BunesaH doys Buijoon ajeus Buijoo) aw Buluieyey BunesaH |oquiAs joe)s | "o ojdwes
suoipuod Buadwsa | suonipuod Buijeauue |eui4
(panunuod)
© e 2 & & 3 5 S < 3 r

15



10

15

20

25

30

35

40

45

50

55

EP 2 465 962 A1

[0058] The structures (space factors of annealed bainite, space factors and mean grain sizes of tempered martensite),
and mechanical characteristics (tensile strength TS, elongation EL and stretch-flanging performance) of the sample
steel sheets were determined in the manner described below.

Test pieces for observing structures were collected from the sample steel sheets, and the space factors of annealed
bainite and tempered martensite were determined by subjecting microscope structure pictures after being corroded with
natal to image analysis. Moreover, the mean grain sizes of tempered martensite were determined by measuring the
areas of the grains by structure analysis using FE/SEM-EBSP, determining the diameters of circles corresponding to
the grains, and averaging the diameters.

Among the mechanical properties, tensile strength and elongation were determined by using a universal tensile tester
manufactured by Instron and JIS No. 5 tensile test piece. Stretch-flanging performance was determined by measuring
a hole expansion rate (A) by using a 20-ton hole expansion tester manufactured by Tokyo Koki, according to The Japan
Iron and Steel Federation standard (JFST 1001-1996), and was evaluated based on this. The results of these meas-
urements are also shown in Table 4. In Table 4, as for "evaluation", tensile strength (TS) of 590 MPa or higher, elongation
(EL) of 10% or higher, and hole expansion rate (A) of 80% or higher were rated excellent characteristics. The samples
which were excellent in all three characteristics were rated o; those which were excellent in two characteristics out of
three were rated A; and those which were excellent in only one characteristic out of three were rated x.

[0059]

[Table 4]
Mechanical
Structure parameters -
characteristics
Space Space Mean TS EL A
Sample | Steel factor of | factor of | grainsize Evaluation Remarks
No. symbol | annealed | tempered of
B M tempered
M
% % pm MPa % %
1 A 12 86 7.4 984 13.5 | 127.0 (0] Example of
invention
2 B 29 70 8.3 689 32.1 80.8 (0] Example of
invention
3 C 19 80 8.1 554 31.9 81.5 A Comparative
example
4 D 12 86 7.3 992 119 | 114.2 (0] Example of
invention
5 E 13 84 7.8 1108 | 12.1 107.9 (0] Example of
invention
6 F 10 89 8.3 1388 6.7 53.2 X Comparative
example
7 G 16 83 8.9 782 18.1 106.8 (0] Example of
invention
8 H 12 86 7.9 1022 | 12.9 | 104.0 (0] Example of
invention
9 | 25 76 9.1 1382 5.8 27.4 X Comparative
example
10 J 35 65 8.8 588 28.8 64.9 X Comparative
example
11 K 22 75 8.2 603 28.3 86.3 (0] Example of
invention
12 L 14 85 7.9 1109 | 125 | 100.5 (0] Example of
invention
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(continued)

Mechanical
Structure parameters L
characteristics
Space Space Mean TS EL A
Sample | Steel factor of | factor of | grainsize Evaluation Remarks
No. symbol | annealed | tempered of
B M tempered
M
% % pm MPa % %

13 M 12 85 8.1 1299 8.1 58.7 X Comparative
example

14 N 11 88 7.3 1031 13.9 | 124.0 (0] Example of
invention

15 (0] 10 89 7.2 1017 | 14.7 127.9 (0] Example of
invention

16 P 13 86 8.1 1031 10.3 61.1 A Comparative
example

17 Q 10 89 8.0 1022 | 14.3 | 122.8 (0] Example of
invention

18 R 13 86 7.9 1098 | 12.9 | 1214 (0] Example of
invention

19 S 12 86 8.5 1139 | 10.9 | 114.9 (0] Example of
invention

20 T 7 92 8.8 1222 | 10.7 98.7 (0] Example of
invention

21 U 12 87 8.1 1154 | 11.1 104.8 (0] Example of
invention

22 \Y 12 86 7.9 1095 | 11.9 | 106.3 (0] Example of
invention

23 B 13 86 7.9 989 13.2 112.8 (0] Example of
invention

24 B 12 87 7.7 981 143 | 127.3 (0] Example of
invention

25 A 12 86 7.5 789 175 | 117.7 (0] Example of
invention

26 B 24 75 8.7 708 19.8 | 103.2 (0] Example of
invention

27 A 19 80 8.3 737 189 | 128.3 (0] Example of
invention

(Note) B: Bainite, M: Martensite

[0060] It can be seen from Table 4 that the sample steel sheets (examples of the invention) sample Nos. 1, 2, 4, 5,
7,8, 11,12, 14, 15 and 17 to 27 in which the conditions of the present invention were met in terms of all of chemical
components, material steel sheet structures, final annealing conditions and tempering conditions all have tensile strengths
as high as 590 MPa or higher, elongations of 10% or higher, and stretch-flanging performances of hole expansion rates
of 80% or higher. That is, it can be seen that these samples have high strength and yet excellent elongation and stretch-
flanging performance, and excellent press formability.
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[0061] Other embodiments of the present invention will be described below in detail.

First, the composition of constituents of the high strength steel sheet material of this embodiment will be described. The
elements which constitute the composition of the high strength steel sheet of this embodiment are C, Si, Mn, Al, Cr, Mo,
Nb, Tiand V, and the remainder is Fe and inevitable impurities. Among these constituent elements, Cr, Mo, Nb, Ti and
V are not essentially necessary constituent elements, but are the elements which are added to further increase the effect
of the present invention. The actions of the elements will be described below. In the description provided below, the
proportions of compositional ranges are indicated by % by mass.

[0062] Among the constituent elements mentioned above, the compositional range of C is limited within the range of
0.05% to 0.3%. C is an element effective in producing the tempered martensite phase, and increasing the strength of
the steel sheet material. The lower limit value, i.e., 0.05% is an amount which is minimally necessary to obtain desired
strength. The upper limit value, i.e., 0.3%, is limited for the following reason. When C is added in an amount higher than
the upper limit value, 0.3%, the concentrations of C in the tempered martensite phase and the retained austenite phase
are increased, and the strength of these phases is increased. A difference in strength between these phases and the
ferrite phase having a low concentration of C is increased. Since rupture is likely to occur at the interface of these phases
having a difference in strength, stretch-flanging performance is lowered. Meanwhile, when the concentration of C in the
steel sheet is increased, weldability is significantly deteriorated.

[0063] The compositional range of Si is limited within the range higher than 0% but not higher than 3%. Si has the
action to inhibit the generation of relatively coarse carbide which lowers stretch-flanging performance, and also improve
ductility. However, this action to improve ductility is saturated in an amount of Si added of about 3%. Moreover, since
Si has the action to retard softening by tempering of the tempered martensite phase, when the amount of Si contained
is high, the tempered martensite phase is not sufficiently tempered and thus strength is retained high, whereby a
difference in strength between the martensite phase and the ferrite phase is increased and stretch-flanging performance
is lowered. Accordingly, the upper limit of the amount of Si added is 3%.

[0064] The compositional range of Mn is limited within the range of 0.5% or higher but not higher than 3%. Mn has
the effect to increase the tensile strength of the steel sheet by solid solubility reinforcement, improve the hardening
characteristics of the steel sheet, and promote generation of the martensite phase. Such an action of Mn is found in
steel having containing Mn in an amount of 0.5% or higher. Preferably, the amount of Mn contained is 1% or higher. In
contrast, when the amount of Mn contained is higher than 3%, adverse effects such as cracks in the slab occur. The
amount of Mn contained is preferably 2.5% or lower.

[0065] The compositional range of Al is limited within the range of 0.01% or higher not higher than 0.1%. Al is used
for deoxidation of steel in the steelmaking process. When there is no solid solution of Al present in the metal structure
of steel, deoxidation of steel may not be completed. When oxygen is remaining in steel, remaining oxygen is bonded to
Si and Mn. Since these oxidation products of Si and Mn are likely to separate and float from the cast, the composition
of steel becomes non-uniform and processability is lowered. Moreover, when the amount of Al solutionized in the metal
structure of steel is higher than 0.1%, deoxidation products are reduced by Al again, and metal-like Al is produced this
metal-like Al serves as a relatively large mediator, and creates material defects or surface flaws. Therefore, the upper
limit value of Al is 0.1%.

[0066] Cr and Mo are not elements essential to the high strength steel sheet of the embodiment, but their addition
acts effectively. Crand Mo act to inhibit the generation of carbide which lowers stretch-flanging performance, and promote
the generation of the martensite phase in the metal structure of the steel sheet. Therefore, they can be added as needed.
The compositional range of Cr and Mo is such that at least one or more elements selected from Cr and Mo is contained,
and the total compositional ratio of these elements is 0.5% or lower. In order to effectively perform the action of Cr and
Mo, it is recommended that the compositional proportions of Cr and Mo are 0.05% or higher (more preferably 0.1% or
higher), respectively. However, even if Cr and Mo are added, whether singly or in combination of both, in an amount
higher than 0.5%, the action mentioned above is saturated, and an action which is worth the amount of Cr and Mo
contained cannot be obtained.

[0067] None of Nb, Ti and V is an element which is essential to the high strength steel sheet of this embodiment, but
their addition acts effectively. Nb, Ti and V have the action to form carbonitride, increase the tensile strength of steel by
enhancing deposition, and micronize crystal grains in the metal structure of the steel sheet. Accordingly, these elements
are added.as needed. When the total amount added of one or more members selected from Nb, Ti and V is lower than
0.01%, the action of Nb, Ti and V mentioned above is not effective. In contrast, when the above-mentioned amount
added is higher than 0.1% in total, too much precipitate is produced, and stretch-flanging performance is thus significantly
lowered. Therefore, the upper limit of the total amount added mentioned above is 0.1%.

[0068] The high strength steel sheet of this embodiment may be composed to contain Ni or Cu in an amount of 1%
by mass or lower in place of Cr, Mo, Nb, Ti and V. Moreover, it may be composed to contain B in an amount of 0.0001%
by mass or higher but 0.0010% by mass or lower. Further, it may be composed to contain 0.003% by mass or less of
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Ca and/or REM in total.

[0069] The material of the high strength steel sheet of this embodiment is composed of Fe and inevitable impurities,
in addition to the above-mentioned components. P and S are present as inevitable impurities, but they do not adversely
affect the characteristics of the high strength steel sheet of this embodiment as long as the amount of P is 0,05% or
lower (not including 0%) and the amount of S is 0.02% or lower (including 0%). The less the amount of P and S contained,
the better the processability of the steel sheet. Especially, when the amount of S contained is high, MnS which serves
as a mediator is increased in steel, whereby the stretch-flanging performance of the steel sheet is significantly lowered.
[0070] Second, the metal structure of the high strength steel sheet of this embodiment will be described. The metal
structure of the high strength steel sheet of this embodiment comprises a tempered martensite phase having a space
factor of 80% or higher and a retained austenite phase having a space factor of 3% or lower, and the rest is mainly
composed of a ferrite phase.

Among these constituent phases, the tempered martensite phase will be described first. When the space factor of the
tempered martensite phase is 80% or higher, combination between austenite crystal grains and growth of the same can
be suppressed by the annealed martensite phase remaining finely in part of the ferrite phase after the annealing step
employed in the method for manufacturing the high strength steel sheet of the embodiment described later. When the
space factor of the tempered martensite phase is lower than 80%, the tempered martensite phase is divided into ferrite
phases, and therefore stretch-flanging performance is lowered. In contrast, when the phase becomes a substantially
single-phase structure of tempered martensite having a space factor of the tempered martensite phase of 100%, ductility
is lowered. For this reason, the case where the space factor is 100% is not included in the present invention.

[0071] In the tempered martensite phase of the high strength steel sheet of this embodiment, the mean grain size is
10 wm or smaller, and the space factor of the tempered martensite phase having a grain size larger than 10 um is 15%
or lower. When the mean grain size is larger than 10pm, or when the space factor of the tempered martensite phase
having a grain size larger than 10 pm is higher than 15%, the interfaces of the tempered martensite phase which act
as the starting point of rupture are unevenly distributed, and therefore sufficient stretch-flanging performance cannot be
obtained.

[0072] In the metal structure of the high strength steel sheet of this embodiment, the space factor of the retained
austenite phase is 3% or lower. The retained austenite phase undergoes induced transformation in which it transforms
into a tempered martensite phase during processing. Accordingly, the retained austenite phase lowers stretch-flanging
performance. Therefore, in order to improve stretch-flanging performance, the space factor of the retained austenite
phase needs to be limited to a low level. The space factor of the retained austenite phase is preferably 2% or lower,
and more preferably 1% or lower.

[0073] The high strength steel sheet of the embodiment as described above has a fine tempered martensite phase
formed therein and has a sufficiently low space factor of the retained austenite phase. Hence, it has excellent charac-
teristics: it not only has high tensile strength, but also high elongation and stretch-flanging performance at the same time.
[0074] The method for manufacturing the high strength steel sheet of this embodiment will be now described.

First, materials of the high strength steel sheet of this embodiment will be described. The high strength steel sheet of
this embodiment is obtained by subjecting a steel sheet material which meets predetermined conditions to a heat
treatment comprising a predetermined annealing step and a tempering step.

The steel sheet material of the high strength steel sheet of this embodiment needs to meet the conditions of the com-
position of constituents mentioned above and also the conditions of the following metal structure. The steel sheet material
of the high strength steel sheet of this embodiment needs to have a space factor of the martensite phase and the retained
austenite phase of 90% or higher. Preferably, the space factor of the martensite phase and the retained austenite phase
is 95% or higher. If the space factor of these constituent phases is lower than 90%, when the steel sheet is heated to a
2-phase region of the ferrite phase and austenite phase, a coarse austenite phase is produced. Therefore, the fine
tempered martensite phase mentioned above cannot be obtained. This prevents improvement in stretch-flanging per-
formance.

[0075] The steel sheet material of the high strength steel sheet of this embodiment having a space factor of the
martensite phase and the retained austenite phase of 90% or higher is produced in the manner described below.

The process for manufacturing a steel sheet material of the high strength steel sheet of this embodiment (hereinafter
referred to as "steel sheet material") comprises the following steps: A steel slab adjusted to meet the composition of
constituents of the high strength steel sheet material mentioned above is hot-rolled at such a temperature that the
finishing rolling temperature is Acs point or higher. this hot-rolled steel sheet is then cooled at a cooling rate of 10°C/sec.
or higher to a cooling stop temperature, which is lower than Ms point at which the austenite phase starts to transform
into the martensite phase (about 350°C or lower), and is wound up. When the finishing rolling temperature is Acy point
or lower or the cooling rate after the hot rolling is 10°C/sec. or lower, the ferrite phase is likely to be produced during
cooling after the hot rolling, and the space factor of the low-temperature transformation phase after the hot rolling does
not become 90% or higher.

[0076] Even a steel sheet produced under conditions which do not meet those of the hot rolling and cooling rate
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mentioned above from a steel slab adjusted to meet the composition of constituents of the steel sheet material can be
modified into a steel sheet material having a space factor of its low-temperature transformation phase of 90% or higher
by carrying out the following preliminary annealing. This preliminary annealing is a heat treatment in which the hot-rolled
steel sheet is retained in a temperature range of Ac, point or higher for 5 seconds or longer, and is cooled at a cooling
rate of 10°C/sec. or higher to a cooling stop temperature of 350°C or lower. When the steel sheet mentioned above is
retained in a temperature range of Ag3 point or lower, a ferrite phase is produced, and the space factor becomes no
greater than 90%. Moreover, even when the steel sheet mentioned above is retained in a temperature range of Ac;
point or higher, transformation of the metal structure into austenite is insufficient in case where the retaining time is
shorter than 5 seconds, and the space factor thus becomes no greater than 90%. As long as the conditions of this
preliminary annealing are met, the upper limit of the annealing temperature, retaining time and cooling rate and the
lower limit of the cooling stop temperature are not specifically determined.

[0077] The heat treatment step of the high strength steel sheet of this embodiment will be described now. The high
strength steel sheet of this embodiment is obtained by subjecting a steel sheet material to a heat treatment comprising
a predetermined annealing step and a tempering step. This annealing step is a heat treatment in which the steel sheet
material is heated to a temperature of Ac; point or lower but not lower than AC5 point -50°, retained for 30 seconds or
longer but not longer than 1200 seconds, and is then cooled at a cooling rate of 10°C/sec. or higher to Ms point or lower.
By conducting this annealing step, the above-mentioned martensite phase having a space factor of 80% or higher is
formed. Moreover, the size of austenite crystal grains produced when the steel sheet material is heated to and retained
at a temperature of Acs point or lower but not lower than AC5 point -50° affects the crystal grain size of the tempered
martensite phase of the high strength steel sheet of the embodiment. That is, to obtain a fine tempered martensite having
a mean grain size of 10 wm or smaller and the space factor of the tempered martensite phase having a grain size larger
than 10 um is 15% or lower phase as the high strength steel sheet of this embodiment, the steel sheet material needs
to be heated to and retained at a temperature of Ac; point or lower but not lower than Ac; point -50°. A steel sheet having
the metal structure in which such a fine tempered martensite phase is formed is characterized by high strength and high
ductility.

In this annealing step , when the steel sheet material is retained in a temperature range higher than Ac; point at which
the austenite single-phase is stable, crystal grains of austenite grow and combine with each other to be coarse. Therefore,
the steel sheet material cannot be imparted a metal structure having a fine tempered martensite phase as the high
strength steel sheet of this embodiment. As a result, the stretch-flanging performance of the high strength steel sheet
is lowered. Moreover, when the steel sheet material is retained at a temperature lower than Ac; point-50°C, transformation
into austenite does not proceed sufficiently, and the space factor of the tempered martensite phase of the high strength
steel sheet after the heat treatment becomes lower than that of the high strength steel sheet of this embodiment. As a
result, the stretch-flanging performance of the high strength steel sheet is lowered. Therefore, the retaining temperature
was set to Acy point or lower but not lower than Acs point -50°C.

[0078] When the retaining time in this annealing step is shorter than 30 seconds, the austenite phase is not sufficiently
produced, and thus a fine martensite phase cannot be obtained after this annealing step. When the retaining time is
longer than 1200 seconds, produced austenite crystal grains become coarse, and therefore the fine tempered martensite
phase mentioned above cannot be obtained. Accordingly, the retaining time is to be in the range of 30 seconds or longer
but not longer than 1200 seconds, Preferably, it is in the range of 120 seconds or longer but not longer than 600 seconds.
[0079] In this annealing step, when the cooling rate is 10°C/sec. or lower, or the cooling stop temperature is higher
than Ms point at which the transformation from the austenite phase into the tempered martensite phase starts, generation
of a bainite phase, retained austenite phase, pearlite phase and ferrite phase and deposition of a cementite phase are
caused, and a number of phases other than the martensite phase are formed, whereby the space factor of the martensite
phase cannot be increased. Accordingly, the stretch-flanging performance of the steel sheet is lowered. The higher the
cooling rate, and the lower the cooling stop temperature, the higher the space factor of the tempered martensite phase
can be.

[0080] The tempering step will be described now. The steel sheet material which has undergone the annealing step
is retained at a temperature of 300°C to 550°C for 60 seconds to 1200 seconds. A fine martensite phase is formed in
the metal structure of the steel sheet material which has undergone the annealing step. The steel sheet material is
softened by tempering this martensite phase to reduce a difference in hardness from the annealed martensite phase
and ferrite phase, whereby excellent stretch-flanging performance, as well as ductility, can be obtained.

[0081] When the retaining temperature in this tempering step is lower than 300°C, the hardness of the tempered
martensite phase is too high, and the stretch-flanging performance of the steel sheet is thus lowered. In contrast, when
the retaining temperature is higher than 550°C, the cementite phase produced by the decomposition of the retained
austenite phase becomes coarse, whereby the stretch-flanging performance of the steel sheet is lowered.

When the retaining time in this tempering step is shorter than 60 seconds, the hardness of the tempered martensite
phase is too high, and therefore the elongation and stretch-flanging performance of the steel sheet are lowered. In
contrast, When the retaining time is longer than 1200 seconds, the cementite phase become coarse, and the stretch-
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flanging performance of the steel sheet is lowered. The retaining time in this tempering step is 60 seconds or longer but
not longer than 1200 seconds, but it is preferably 90 seconds or longer but not longer than 900 seconds, and more
preferably 120 seconds or longer but not longer than 600 seconds.

[0082] The steel sheet material which has been subjected to the annealing step and this tempering step becomes the
high strength steel sheet of this embodiment, and is characterized by high stretch-flanging performance, in addition to
high tensile strength and high ductility. Accordingly, this high strength steel sheet is used for various industrial products
typically including automobiles as a steel sheet having excellent press formability.

(Example 2)

[0083] The actions and effects of the high strength steel sheet of this embodiment and method for manufacturing the
same will be described below with reference to Examples.

First, a method for preparing test steel sheets tested in these Examples will be described. In these Examples, Steel
slabs having the compositions of constituents represented by steel symbols Ato Y having the compositions of constituents
shown in Table 5 were tested. As shown in Table 6 and 7, 56 types of test steel sheets were prepared under different
hot rolling conditions, preliminary annealing conditions, and in different annealing steps and tempering steps from the
steel slabs having the compositions of constituents of these A to Y, and the tensile strength, ductility, stretch-flanging
performance and other characteristics of the test steel sheets were determined. Among the steel slabs having the
compositions of constituents of Ato Y, B, C, E, F, I, J,L, Nto Y are the steel slabs having the compositions of constituents
which fall within the Examples of the embodiment. Steel slabs having other compositions of constituents do not fall within
the compositions of constituents of this embodiment. As can be seen from Tables 6 and 7, the test steel sheets prepared
from these steel slabs are Comparative Examples. The steel slabs having the compositions of constituents of these A
to Y, respectively, were hot-rolled at a finishing temperature of 850°C to give 56 types of test steel sheets having a
thickness of 3 mm (Nos.1 to 56), which were then wound up at predetermined temperatures shown in Table 6. Further-
more, the test steel sheets No.1 to 45 were washed with acid to remove scales, and were cold-rolled to a thickness of
1.2 mm. The test steel sheets excluding test steel sheets 2 and 11 were then subjected to preliminary annealing under
predetermined conditions shown in Table 6. Thereafter, test steel sheets Nos.1 to 56 were subjected to the heat treatment
comprising the annealing step and the tempering step under predetermined conditions shown in Table 7, and were used
as test steel sheets for measurement.

[0084]
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[0085] As can be seen from Table 6, the steel sheets corresponding to Examples all have a space factor of the low-
temperature transformation phase of 90% or higher, which falls within the conditions of the steel sheet material.

24



EP 2 465 962 A1

a|dwexa
aAjesedwo) 0ol W (014 009 oclL 0¢6 00S 0S8 a cl
uouUaAUl
jo sjdwex3 G6 N+0 — — — — 00¢ 0S8 0 L
a|dwexa
aAjesedwo) 0 g 00S 009 oclL 0¢6 00S 058 o) oL
a|dwexa
aAesedwo) 0. N+0 (014 S oclL 0¢6 00S 0S8 0 6
uouaAUl
jo sjdwex3 (0[0) N 0¢ 009 009 0¢6 00S 0S8 0 8
uouaAUl
jo sjdwex3 06 N+0 0c 009 ol 0¢6 00S 0S8 0 L
a|dwexa
aAlesedwo) 08 N+0 (114 009 4 0¢6 00S 0S8 0 9
uoiuaAUl
jo sjdwex3 00l W 0c 009 oclL 0¢6 00S 0S8 0 S
a|dwexa
aAlesedwo) 08 N+0 0c 009 oclL 008 00S 0S8 0 14
uouaAUl
jo sjdwex3 0oL W 0c 009 oclL 0¢6 00S 0S8 S| €
a|dwexa
aAlesedwo) 68 N+0 — — — — 00¢ 0S8 S| 4
a|dwexa
aAlesedwo) 0oL W 0c 009 oclL 0¢6 00S 0S8 v L
(%) (0.) (09s/2.) (-oos) (2.) (2.) (.
A pauiejal
+N |[oquiAs "ON 198ys
Stlewsy 10 Jojoey uoinIsuod | ainjesadwal ajel awn ainjesadwa} | aunjelodws} |091S [oo)s 159
aoedg aseyd doys Buijoon Buijoon Buiuieyoy BunesH Buipuipn alnjeladwalysiuly
Buljesuue aiojoq ainoNNS suopuod Buljesuue Aleujwiaid suolpuo Buijjol-joH
[9 alqe]
© e 2 & & 3 5 S < 3 r

25



EP 2 465 962 A1

uonuUaAUl
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 N 144
uonuUaAUI
jo s|dwex3 00l N 0c 009 0ocl 0c6 00s 0S8 N €C
a|dwexa
aAljeledwo) 00l N 0c 009 0cl 0c6 00s 0S8 N Zc
a|dwexa
aAljeledwo) 00l N 0c 009 0cl 0c6 00s 0S8 N ¥4
uonuUaAUI
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 1 0¢
a|dwexa
aAljeledwo) 00l N 0c 009 0cl 0c6 00s 0S8 A 6l
uonuUBAUI
jo s|dwex3 00l N (114 009 0cl 0c6 00s 0S8 r 8l
uonuUaAUI
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 | Ll
a|dwexa
aAljeledwo) 00l N 0c 009 0cl 0c6 00s 0S8 H 9l
a|dwexa
aAljeledwo) 00l N 0c 009 0cl 0c6 00s 0S8 9 Sl
uonuUaAUl
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 E| 143
uonuUaAUl
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 3 €l
(%) (0.) (098/0.) (-09s) (2. (2. (0.)
A paulejal
SyIBWoY +N |OquiAs "ON }99ys
0 10J0E} uonnyisuod | ainjesadwsy ajel awy ainjesadws} | ainjesadwsy [o91g [99)s 189
aoedg aseyd doys Buijoon Buijoon Buiuieyoy BuneaH Buipuipy alnjeladwalysiui4

Builesuue alojaq ainjonng

suonipuod Buljesuue Aleuiwiaid

suonpuod buijjol-}oH

10

15

20

25

(panunuod)

(=)
™

35

40

45

50

55

26



EP 2 465 962 A1

a|dwexa
aAljeledwo) 00l N 0c 009 0cl 0c6 00s 0S8 N 9¢
a|dwexa
aAljeledwo) 00l N 0c 009 0ocl 0c6 00s 0S8 N G¢e
uonUaAUI
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 N 16>
uonuUaAUl
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 N €e
a|dwexa
aAljeledwo) 00l N (114 009 0cl 0c6 00s 0S8 N A
a|dwexa
aAljeledwo) 00l N 0c 009 0cl 0¢6 00s 0S8 N Le
a|dwexa
aAljeledwo) 00l N 0c 009 0cl 0c6 00s 0S8 N 0¢
a|dwexa
aAljeledwo) 00l N (114 009 0cl 0c6 00s 0S8 N 6¢
uonuUaAUI
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 N 8¢
uonuUaAUl
jo 9|dwex3 00l N 0¢ 009 0cl 0c6 00s 0S8 N X4
a|dwexa
aAljeledwo) 00l N 0¢ 009 0cl 0c6 00s 0S8 N 9c
a|dwexa
aAljeledwo) 00l N 0¢ 009 0cl 0c6 00s 0S8 N T4
(%) (0.) (098/0.) (-09s) (2. (2. (0.)
A paulejal
syIewoY +N |OquiAs "ON }99ys
0 10J0E} uonnyisuod | ainjesadwsy ajel awy ainjesadws} | ainjesadwsy [o91g [99)s 189
aoedg aseyd doys Buijoon Buijoon Buiuieyoy BuneaH Buipuipy alnjeladwalysiui4

Builesuue alojaq ainjonng

suonipuod Buljesuue Aleuiwiaid

suonpuod buijjol-}oH

10

15

20

25

(panunuod)

(=)
™

35

40

45

50

55

27



EP 2 465 962 A1

uonuUaAUl
jo s|dwex3 00l N 0c 00. 0cl 0c6 00s 006 M 117
uonuUaAUI
jo s|dwex3 00l N 0c 00. 0cl 0¢6 00s 006 A Ly
uonUaAUI
jo s|dwex3 00l N 0c 00. 08l 0c6 00s 006 n o
uonuUaAUl
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 1 1174
uonuUaAUI
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 s 144
uonuUaAUl
jo s|dwex3 00l N 0c 009 0cl 0¢6 00s 0S8 o (9374
uonuUBAUI
jo s|dwex3 00l N (114 009 0cl 0c6 00s 0S8 (9] A4
uonuUaAUI
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 d (57
uonuUaAUI
jo s|dwex3 00l N 0c 009 0cl 0c6 00s 0S8 (0] (0)74
a|dwexa
aAljeledwo) 00l N 0¢ 009 0cl 0c6 00s 0S8 N 6¢
uonuUaAUl
jo 9|dwex3 00l N 0¢ 009 0cl 0c6 00s 0S8 N 8¢
uonuUaAUl
jo 9|dwex3 00l N 0¢ 009 0cl 0c6 00s 0S8 N JAS
(%) (0.) (098/0.) (-09s) (2. (2. (0.)
A paulejal
SyIBWoY +N |OquiAs "ON }99ys
0 10J0E} uonnyisuod | ainjesadwsy ajel awy ainjesadws} | ainjesadwsy |99l [oo)s 189
aoedg aseyd doys Buijoon Buijoon Buiuieyoy BuneaH Buipuipy alnjeladwalysiui4

Builesuue alojaq ainjonng

suonipuod Buljesuue Aleuiwiaid

suonpuod buijjol-}oH

10

15

20

25

(panunuod)

(=)
™

35

40

45

50

55

28



EP 2 465 962 A1

aseyd sjiusisne paulejey A pauleley ‘eseyd ajuleg g ‘eseyd sjlia4 20 ‘eseyd aysusuep |\ (810N)

uonuUaAUI
jo s|dwex3 00l N — — — — 00g¢ 0c6 X 9G
uonuUaAUl
jo s|dwex3 0ol N — — — — (0[0] 0c6 M 1]
uonuUBAUI
jo s|dwex3 00l N — — — — 08¢ 0c6 A ¥S
uonuUaAUI
jo s|dwex3 00l N — — — — 00¢ 006 n €S
uonuUaAUI
jo s|dwex3 00l N — — — — 00g¢ 056 n Zs
uonuUaAUl
jo s|dwex3 00l N — — — — 0S¢ 006 n LS
uonuUaAUl
jo s|dwex3 00l N 0c 00. ove 0c6 00s 006 A 0S
uonuUaAUl
jo s|dwex3 00l N 0c 00. 08l 0c6 00s 006 X 6t
(%) (0.) (098/0.) (-09s) (2. (2. (0.)
A paulejal
syIewoY +N |OquiAs "ON }99ys
10 10)oE} uoinIsuod | ainjesadwal ajel awn ainjesadwa} | ainjesadwsy |99l [oo)s 189
aoedg aseyd doys Buijoon Buijoon Buiuieyoy BuneaH Buipuipy alnjeladwalysiui4
Buiesuue aiojaq 81noNAS suonipuod Buljesuue Aleuiwiaid suoinipuod bujjol-}oH
(panunuod)
© 2 2 & & 3 5 S < 3 r

29



10

15

20

25

30

35

40

45

50

55

EP 2 465 962 A1

[0086] As shown in Table 7, among the 56 types of test steel sheets prepared, 33 types correspond to Examples
corresponding to the present embodiment, while others are Comparative Examples.
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[0087] The 56 types of the test steel sheets prepared by these steps were tested for their tensile strength and stretch-
flanging performance.

The tensile strength test was performed in such a manner that the direction perpendicular to the rolling direction of each
of the test steel sheets is the direction of pulling during testing by using a JIS No. 5 test piece collected from each test
steel sheet according to JIS Z2241. In this test, yield strength YS, tensile strength TS and elongation EL were determined.
The stretch-flanging performance test was performed according to Japan Iron and Steel Federation standard (JFST
1001-1996), and hole expansion rates A were determined.

[0088] The measurement results of the characteristics of the 56 types of test steel sheets are shown in Tables 8 and
9. In Tables 8 and 9, AM represents an annealed martensite phase; TM represents a tempered martensite phase; and
retained v represents a retained austenite phase. The space factor of the retained austenite phase was indicated 0%
when it was below the detection limit.

In the results of this test, when the tensile strength is 780 MPa or higher, it is a sufficient strength characteristic in practical
use, and meets the conditions of the tensile strength of the present invention. Moreover, elongation (ductility) and stretch-
flanging performance are considered excellent when they are 10% or higher and 80% or higher, respectively. The stretch-
flanging performance is judged especially excellent characteristics when it is 100% or higher.

Test steel sheets which meet all the following conditions are considered to correspond to high strength steel sheets
according to the present invention: tensile strength: TS>780 MPa, elongation: EL>10%, hole expansion rate: A>80%. A
test steel sheet which meets all these three conditions and has especially good hole expansion rate (A>100%) was rated
©); a test steel sheet which meets all the conditions was rated O; a test steel sheet which meets two conditions out of
three was rated A; and a test steel sheet which meets only one condition or less out of three conditions was rated x.
[0089]
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[0091] The results of the measurement of test steel sheet characteristics in Table 8 will be described below.

The test steel sheets No. 3, 5, 7, 8, 11, 13, 14, 17, 18, 20, 23, 24, 27, 28, 33, 34, 37, 38 and 40 to 45 are all prepared
from steel slabs (B, C, E, F, |, J, L, N to T in Table 5) corresponding to the compositions of constituents of the high
strength steel sheet of this embodiment. Moreover, as can be seen from Tables 6 and 7, the space factor of the martensite
phase and the retained austenite phase of the metal structures of these test steel sheets before the annealing step, the
annealing step and the tempering step correspond to the conditions of the high strength steel sheet of this embodiment.
All of these test steel sheets meet the conditions of the tensile strength, elongation and stretch-flanging performance of
the present invention.

[0092] The test steel sheets (Nos.46 to 56) of Table 9 all meet the conditions of the tensile strength, elongation and
stretch-flanging performance of the present invention.

[0093] Among the test steel sheets which correspond to the high strength steel sheet of the embodiment, Nos. 3, 5,
8, 14 and 20 have especially good stretch-flanging performance. The space factor of the retained austenite phase of
these test steel sheets is 0%. The tempered martensite phases of these test steel sheets have relatively small mean
grain sizes, and the space factor of the tempered martensite phase having a crystal grain size of 10 um or larger is
relatively low.

[0094] The reason why the test steel sheets of Comparative Examples did not meet the conditions of the high strength
steel sheet according to the present invention will be described.

Since the test steel sheet No.1 was prepared from steel slab A having low level of C, it has low tensile strength.

Test steel sheet No.2 had low space factors of the martensite phase and the retained austenite phase in the metal
structure in a state that it is yet to be annealed were low. Therefore, crystal grains of the tempered martensite phase
became coarse, and the strength and stretch-flanging performance were lowered.

Test steel sheet No.4 was subjected to the preliminary annealing at a temperature lower than Ac, point, and therefore
the space factor of the low-temperature transformation phase in the metal structure in a state that it is yet to be annealed
was lowered. This caused crystal grains of the tempered martensite phase to be coarse, whereby ductility and stretch-
flanging performance are low.

[0095] The test steel sheet No.6 had low space factors of the martensite phase and the retained austenite phase in
the metal structure in a state that it was yet to be annealed because the retaining time in the preliminary annealing was
short, and therefore crystal grains in the tempered martensite phase became coarse. As a result, it had low elongation
and stretch-flanging performance.

The test steel sheet No.9 had low space factors of the martensite phase and the retained austenite phase in the metal
structure in a state that it was yet to be annealed because cooling after the preliminary annealing was delayed, and
therefore the tempered martensite phase became coarse. As a result, it had low elongation and stretch-flanging per-
formance.

The test steel sheet No.10 had low space factors of the martensite phase and the retained austenite phase in the metal
structure in a state that it was yet to be annealed because the cooling stop temperature after the preliminary annealing
was high, and therefore the tempered martensite phase became coarse. As a result, it had low elongation and stretch-
flanging performance.

Although the test steel sheet No.12 has a metal structure after the tempering step corresponding to that of the high
strength steel sheet of the embodiment, the difference in strength between the annealed martensite phase which is a
part of the ferrite phase and the tempered martensite phase has not been sufficiently reduced because this test steel
sheet was prepared from steel slab D having a high level of C. As a result, it had low stretch-flanging performance.
[0096] Although the test steel sheet No.15 has a metal structure after the tempering step corresponding to that of the
high strength steel sheet of the embodiment, this test steel sheet was prepared from steel slab G having a high level of
Si. Accordingly, the tempered martensite phase was not sufficiently tempered, and the difference in strength between
the annealed martensite phase which is a part of the ferrite phase and the tempered martensite phase has not been
sufficiently reduced. As a result, it had low stretch-flanging performance.

Since the test steel sheet No.16 was prepared from steel slab H having a low level of Mn, it has insufficient hardening
characteristics, and therefore a large amount of retained austenite remained after the annealing step. As a result, it had
low elongation and stretch-flanging performance.

Since the test steel sheet No.19 was prepared from steel slab K having a high level of Mn, uneven distribution of Mn
occurred although the space factors and the size of the martensite phase and the retained austenite phase in the metal
structure after the tempering step correspond to that of the high strength steel sheet of the embodiment. As a result, it
had low elongation and stretch-flanging performance.

The test steel sheet No. 21 was prepared from steel slab M having a high amount of A1 added. Accordingly, it had a
number of flaws on the surface of the steel material. As a result, it had low stretch-flanging performance.

[0097] Theteststeel sheet No. 22 had coarse crystal grains of the austenite phase since it was heated to a temperature
higher than Ac, point in the annealing step. As a result, its ductility was lowered.

In the test steel sheet No. 25, the austenite phase was not sufficiently produced because the heating and retaining

43



10

15

20

25

30

35

40

45

50

55

EP 2 465 962 A1

temperature in the annealing step was lower than Ac; point -50°C. As a result, it had low space factor of the tempered
marterisite phase, and low stretch-flanging performance.

In the test steel sheet No. 26, the austenite phase was not sufficiently produced because the retaining time at a tem-
perature of Ac, point or lower but not higher than Ac; point -50°C in the annealing step was too short. As a result, it had
low space factor of the martensite phase and low stretch-flanging performance.

In the test steel sheet No. 29, the crystal grains of the austenite phase became coarse because the retaining time at a
temperature of Ac, point or lower but not higher than Ac; point -50°C in the annealing step was too long. As a result, it
had large crystal grain size of the martensite phase, and low ductility.

[0098] In the test steel sheet No. 30, the tempered martensite phase was not sufficiently generated because cooling
after the annealing step was too late and thus tempered phases other than the martensite phase were produced. As a
result, it had low tensile strength.

In the test steel sheet No. 31, the martensite phase was not sufficiently produced because the cooling stop temperature
after the annealing step was higher than Ms point. As a result, it had low space factor of the tempered martensite phase,
and low stretch-flanging performance.

In the test steel sheet No. 32, the dislocation density of the tempered martensite phase was not lowered because the
heating and retaining temperature in the tempering step was lower than the lower limit value, and distortion was not
sufficiently mitigated. As a result, it had low elongation and stretch-flanging performance.

[0099] In the test steel sheet No. 35, cementite was deposited because the heating and retaining temperature in the
tempering step was higher than the upper limit value. As a result, it had low stretch-flanging performance.

In the test steel sheet No. 36, the space factor of the retained austenite phase was not sufficiently lowered because the
heating and retaining time in the tempering step was too short. Moreover, the dislocation density of the tempered
martensite phase was not lowered, and distortion was not sufficiently mitigated. As a result, it had low stretch-flanging
performance.

In the test steel sheet No. 39, cementite was deposited because the heating and retaining time in the tempering step
was too long. As a result, it had low stretch-flanging performance.

3)

[0100] Still another embodiment of the present invention will be described in detail below.

The inventors of the present invention studied the requirements for obtaining both strength and elongation, which are
the features of a dual phase steel sheet (DP steel sheet), and also stretch-flanging performance by presupposingly
using this DP steel sheet comprising the ferrite phase and martensite, from various angles. As a result, the inventors of
the present invention found that a very fine ferrite + martensite dual structure can be obtained by subjecting a steel
sheet having a fine lath-shaped structure (martensite and/or bainite) as a material steel sheet (that is, as an initial
structure) to annealing (hereinafter referred to as "dual-phase range annealing") in a dual-phase range (ferrite + austenite
range). Moreover, the inventors of the present invention also found that a steel sheet having such a structure has good
elongation and stretch-flanging performance.

[0101] In a steel sheet having the fine lath-shaped structure (martensite and/or bainite) as mentioned above, ferrite
produced by the dual-phase range annealing is finely dispersed, and the growth of austenite during the dual-phase
range annealing is suppressed by its pinning effect. Accordingly, its structure after hardening becomes a very fine ferrite
+ martensite structure. In addition, crystal grain micronizing elements such as Ti, Nb, V and Zr are added to the steel
sheet as chemical components, whereby further micronization of the structure can be achieved. The thus-obtained dual
phase steel sheet is imparted further improved elongation and stretch-flanging performance.

[0102] The high strength steel sheet of the present invention is a dual phase steel sheet which is mainly composed
of a ferrite phase and martensite. In order to achieve the above object, it is necessary that the space factors of these
phases to the entire structure are adjusted appropriately. That s, in the high strength steel sheet of the present invention,
the space factors of the ferrite phase and martensite are 5 to 30% and 50 to 95%, respectively.

[0103] When the space factor of the ferrite phase is 5% or lower, good elongation cannot be ensured, and the pinning
effect which suppresses the growth of austenite becomes weak. When the space factor is higher than 30%, the stretch-
flanging performance is deteriorated. A preferable space factor of the ferrite phase is 7% or higher but not higher than 25%.
[0104] When the space factor of martensite is lower than 50%, the stretch-flanging performance is lowered. When
the space factor is higher than 95%, elongation is lowered. A preferable space factor of the martensite phase is 70% or
higher but not higher than 85%.

[0105] It should be noted that the term "space factor" mentioned above means the ratio (% by volume) of each phase
constituting a metal structure in the steel material to the entire structure, and the space factors of the ferrite phase and
martensite can be determined by corroding a steel material with nital, observing the material with an optical microscope
(1000 times), and then subjecting the material to image analysis.

[0106] In the high strength steel sheet of the present invention, it is preferable that the mean grain size of the above
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ferrite phase is 3 um or smaller in terms of the equivalent of a circle diameter, and that the mean grain size of the
martensite phase is 6 .wm or smaller in terms of the equivalent of a circle diameter. If these sizes are increased, elongation
and stretch-flanging performance are lowered. The "mean grain sizes" of these phases are determined, for example,
by measuring the grain sizes of twenty grains by observing the structure using an optical microscope and FE/SEM-
EBSP, and averaging the measurements.

[0107] The dual phase steel sheet according to the present invention is composed of a ferrite phase and martensite
as its main structure, but it is not necessarily 100% composed of these phases, and it is also allowed that at least the
total sum is 70% or higher, preferably 80% or higher, in terms of space factor, due to the intention that it is merely the
main part, and that bainite, pearlite, retained austenite and the like are contained. However, the less these structures,
the better, from the standpoint of not reducing stretch-flanging performance.

[0108] In the steel sheet of the present invention, the structure is controlled in the above-mentioned manner, whereby
good elongation and stretch-flanging performance are exhibited. A preferable composition of constituents considering
the strength (590 MPa or higher as tensile strength TS) and other points is as follows: C: 0.05 to 0.3%; Si: 0.01 to 3%;
Mn: 0.5 to 3.0%; Al: 0.01 to 0.1%; at least one element selected from the group consisting of Ti, Nb, V and Zr: 0.01 to
1% in total; and iron and inevitable impurities as the remainder. The reason for the definition of these preferable ranges
is as follow:

[C: 0.05 to 0.3%]

[0109] Cis animportant element in producing martensite to increase the strength of the steel sheet. To perform such
an effect, the amount of C contained is preferably 0.05% or higher. From the perspective of increasing strength, the
higher the amount of C contained, the better. However, if the amount of C is excessively high, a large amount of retained
austenite which deteriorates stretch-flanging performance is produced, and weldability is also adversely affected. There-
fore, the amount is preferably 0.3% or lower. A more preferable lower limit of the amount of C contained is 0.07%, and
a more preferable upper limit is 0.25%.

[Si : 0.01 to 3%]

[0110] Siis an element which effectively acts as a deoxidizing element when steel is melted, and effectively increases
strength without deteriorating the ductility of steel. It also acts to suppress deposition of coarse carbide which deteriorates
stretch-flanging performance. In order to perform these effects effectively, it is preferably contained in an amount of
0.01% or higher. However, since the effect of adding Si is saturated in an amount of about 3%, A preferable upper limit
is setto 3%. A more preferable lower limit of the amount of Si contained is 0.1%, and a more preferable upper limitis 2.5%.

[Mn: 0.5 to 3.0%]

[0111] Mnis an element useful in increasing the hardening characteristics of the steel sheet to ensure high strength.
To perform such an effect, it is preferably contained in an amount of 0.5% or higher. However, when the amount of Mn
contained is excessively high, ductility is lowered and therefore processability is adversely affected. For this reason, the
upper limit is set to 3.0%. A more preferable amount of Mn contained is 0.7% or higher but not higher than 2.5% or lower.

[Al: 0.01 to 0.1%]

[0112] Alis an element having a deoxidation effect, and when Al deoxidation is performed, it needs to be added in
an amount of 0.01% or higher. However, when the amount of Al contained is excessively high, the above effect is
saturated, and it also becomes a source of non-metallic mediators to deteriorate physical properties and surface prop-
erties. Therefore, the upper limit is set to 0.1%. a more preferable amount of Al contained is 0.03% or higher but not
higher than 0.08%.

[One or more members selected from the group consisting of Ti, Nb, V and Zr: 0.01 to 1% in total]

[0113] These elements have the action to form precipitates such as carbide, nitride and carbonitride together with C
and N to contribute to increased strength, and micronize crystal grains during hot rolling to increase elongation and
stretch-flanging performance. Such effects are effectively performed when they are added in an amount of 0.01% or
higher in total (of one or more members). A more preferable amount of these elements contained is 0.03% or higher.
however, when the amount is excessively high, elongation and stretch-flanging performance are deteriorated rather
than improved. Therefore, the amount is to be limited to 1% or lower, and more preferably 0.7% or lower.

[0114] Preferable basic components in the dual phase steel sheet of the present invention are as stated above, and
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the remainder is iron and inevitable impurities. Examples of inevitable impurities include steel raw materials, and P, S,
N, O and others which can get into steel during the manufacturing process of the materials, among others.

[0115] Itis also effective to add to the steel sheet of the present invention, as needed, the following substances: (a)
Ni and/or Cu: 1% or lower (not including 0%) in total; (b) Cr: 2% or lower (not including 0%) and/or Mo: 1% or lower (not
including 0%) ; (c) B: 0.0001 to 0.005%; and (d) Ca and/or REM: 0.003% or lower (not including 0%) in total, among
others. The characteristics of the steel sheet are further improved depending on the types of the components contained.
The reason for setting the range of these elements when contained is as follows.

[Ni and/or Cu: 1% or lower (not including 0%) in total]

[0116] These elements are effective in maintaining the balance of strength and ductility high and realizing high strength
at the same time. such effects increase as their amount contained is increased, but if they are contained in an amount
higher than 1% in total (of one or more members), the above effects may be saturated and cracks may be produced
during hot rolling. A more preferable lower limit of the amount of these elements contained is 0.05%, and a more preferable
upper limit is 0.7%.

[Cr: 2% or lower (not including 0%) and/or Mo: 1% or lower (not including 0%)]

[0117] Both Cr and Mo are elements effective in stabilizing the austenite phase, and facilitating the generation of the
low-temperature transformation phase in the course of cooling. Although their effects increase as their amount contained
is increased, if they are contained in an excessively high amount, ductility is deteriorated. Therefore, the amount of Cr
is to be limited to 2% or lower (more preferably 1.5% or lower), and the amount of Mo is to be limited to 1% or lower
(more preferably 0.7% or lower).

[B: 0.0001 to 0.005%]

[0118] B is an element effective in improving hardening characteristics, and increasing the strength of the steel sheet
when added in a minute amount. To exhibit such an effect, it is preferably contained in an amount of 0.0001% or higher.
However, when the amount of B contained is excessively high and is higher than 0.005%, crystal grain boundaries may
be embrittled and cracks may occur during rolling.

[Ca and/or REM: 0.003% or lower (not including 0%) in total]

[0119] Ca and REM (rare earth element) are elements effective in controlling the form of sulfide in the steel and
improving processability. The higher their amount contained, the higher the effects. However, when they are contained
in an excessively high amount, the above-mentioned effect is saturated. Therefore, the amount is to be 0.003% or lower.
[0120] The method for producing the high strength steel sheet having a structure as mentioned above will be described
now. In order to produce a high strength steel sheet as mentioned above, it is necessary to conduct a predetermined
heat treatment by using a steel sheet in which the space factor of martensite and/or bainite (hereinafter these two phases
may be referred to as "low-temperature transformation phases") in total to the entire structure is 90% or higher and the
former the grain size of austenite is 20 wm or smaller in terms of the equivalent of a circle diameter.

[0121] The material steel sheet used in the present invention has a space factor of the low-temperature transformation
phase of 90% or higher. This low-temperature transformation phase may be constituted only by martensite or bainite.
When the space factor of the low-temperature transformation phase is lower than 90%, and the material steel sheet is
heated to a 2-phase range of the ferrite phase and austenite phase (dual-phase range annealing) in the annealing step
(final annealing step) described later, a coarse ferrite phase and an austenite phase are produced. Therefore, the fine
ferrite phase and martensite mentioned above cannot be obtained in the final structure. As a result, stretch-flanging
performance cannot be improved.

[0122] A material steel sheet having space factor of the low-temperature transformation phase of 90% or higher can
be produced by the following steps: First, a steel slab adjusted to meet the composition of chemical constituents as
mentioned above is hot-rolled in such a manner that the finishing rolling temperature is higher than Ac; point. Second,
the material steel sheet is cooled to a temperature lower than a martensite transformation start temperature, Ms point
(temperature at which the austenite phase starts to transform into martensite), at an average cooling rate of 10°C/sec.
or higher, and is then wound up, giving a material steel sheet having a space factor of martensite of 90% or higher.
Moreover, a material steel sheet which is mainly composed of bainite and has a space factor of the low-temperature
transformation phase of 90% or higher is obtained by cooling the material steel sheet to a bainite transformation tem-
perature after the hot rolling, at an average cooling rate of 10°C/sec. or higher and winding up the same. When the
finishing rolling temperature is Acy point or lower or the cooling rate after the hot rolling is 10°C/sec. or lower, a ferrite
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phase is likely to be produced during cooling after the hot rolling, and therefore the space factor of the low-temperature
transformation phase after the hot rolling is not 90% or higher.

[0123] Intheabove hotrolling step, from the perspective of micronization of the structure, itis preferable to appropriately
adjust a predetermined heating temperature, and the time for retaining at the heating temperature (retaining time). In
the present invention, the grain size of austenite is micronized by utilizing the pinning effect by finely depositing a micro-
alloy (Ti, Nb, V, Zr, etc.). In order to do so, it is necessary to re-solutionize the deposition of the coarse micro-alloy
produced prior to the hot rolling step. Accordingly, the heating temperature and its retaining time is preferably 1000°C
or higher, and 600 seconds or longer, respectively, to perform the solutionization effect of the micro-alloy (Ti, Nb, V, Zr
and the like). When the heating temperature is 1400°C or higher and its retaining time is longer than 1000 seconds, the
grain size of austenite becomes undesirably coarse.

[0124] The material steel sheet used in the present invention needs to have the grain size of the former austenite of
20 pm or smaller. This is from the perspective of improvement of elongation and stretch-flanging performance due to
the micronization of the structure. That is, by subjecting a basis steel sheet having a grain size of the former austenite
of 20 wm or smaller to the final annealing step and tempering step, the final structure becomes finer than in the case
where the grain size is larger than 20 um, and elongation and stretch-flanging performance are significantly improved.
[0125] Even a steel sheet produced from a steel slab adjusted so as to meet the chemical components as mentioned
above under conditions which do not meet the hot rolling and cooling rate conditions mentioned above can be imparted
a space factor of the low-temperature transformation phase of 90% or higher by subjecting to the following preliminary
annealing (Experiments No.5, 6 in Table 14 described later).

[0126] This preliminary annealing is a treatment in which the above steel sheet is retained in a temperature range of
Ac3 point or higher for 5 seconds or longer, and is then cooled at an average cooling rate of 10°C/sec. or higher to a
temperature of Ms point or lower or to the bainite transformation temperature range and retained. When the retaining
temperature of the steel sheet is lower than Ac; point, a ferrite phase is likely to be produced, and a space factor of the
low-temperature transformation phase of 90% or higher is not attained. Moreover, even in the case where the steel
sheetis retainedin atemperature range of Acs point or higher, ifthe retaining time is shorter than 5 seconds, transformation
of the metal structure into austenite is insufficient, and a space factor of 90% or higher is not attained.

[0127] By subjecting the material steel sheet whose structure and grain size of the former austenite have been adjusted
in the manner described above to a heat treatment (final annealing step and tempering step) as described below, a high
strength steel sheet whose space factors and grain sizes of the ferrite phase and martensite are appropriately adjusted
can be obtained. At this time, the case where not only the preliminary annealing step but also acid cleaning, a cold rolling
step and other processes are carried out between the hot rolling step and the heat treatment step described below also
falls within the scope of the present invention. The actions and effects under the heat treatment conditions at this time
are as follow:

[0128] First, a material steel sheet is subjected to a heat treatment in which itis heated to and retained at a temperature
range of (Acs point -100°C) or higher but not higher than Ac; point for 1 second or longer but not longer than 2400
seconds, and is then cooled at a cooling rate of 10°C/sec. or higher to Ms point or lower (cooling stop temperature). By
performing such an annealing step, a steel sheet having the structure (the space factor of ferrite: 5 to 30%, the space
factor of martensite: 50 to 95%) mentioned above is obtained. Moreover, the mean crystal grain diameters of the ferrite
phase and martensite in the high strength steel sheet which is finally obtained are determined by the sizes of the crystal
grains of the ferrite phase and austenite produced when the material steel sheet is heated to and retained at a temperature
range of (Acg point -100°C) or higher but not higher than Acs point. That is, in order to obtain a fine dual phase steel
sheet in which the mean grain size of the ferrite phase is 3 wm or smaller and the mean grain size of martensite is 6
wm or smaller, it is necessary to heat the material steel sheet to a temperature range of (Acs point -100°C) or higher but
not higher than Ac; point and retain at the same.

[0129] In this annealing step, when the material steel sheet is heated and retained at a temperature range higher than
Acy point in which the austenite single phase is stable, crystal grains of austenite grow and combine with each other to
become coarse, and the pinning effect of fine ferrite is not produced, whereby a fine dual phase steel sheet cannot be
obtained. As a result, the stretch-flanging performance of the high strength steel sheet is lowered.

[0130] The "pinning effect" mentioned above is as follows: the basis steel sheet has a structure form mainly composed
of a highly micronized lath-shaped low-temperature transformation phase due to the micronization effect of the micro-
alloy. When such a steel sheet is heated to the high temperature side of the dual-phase range, a finely dispersed ferrite
phase having a low space factor is produced. The term "ferrite phase" used in this invention denotes annealed martensite
or annealed bainite produced when martensite or bainite is annealed at a high temperature (dual-phase range). Since
such a ferrite phase suppresses the growth and combination of the austenite phase, the final structure obtained in the
following hardening and tempering steps becomes a structure mainly composed of a very fine ferrite phase and mar-
tensite. When the material steel sheet is heated and retained at a temperature lower than (Acs point -100°C), transfor-
mation into austenite does not proceed sufficiently, and the space factor of martensite after the heat treatment becomes
lower than 50%, thereby lowering the stretch-flanging performance of the steel sheet.
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[0131] In this annealing step, if the heating and retaining time is shorter than 1 second, the austenite phase is not
sufficiently produced, and therefore a space factor of martensite of 50% or higher cannot be attained after this annealing
step. When the heating and retaining time is longer than 2400 seconds, the crystal grains of austenite produced become
coarse, and therefore the fine dual structure mentioned above cannot be obtained. From such a perspective, the heating
and retaining time in the final annealing needs to be in the range of 1 second or longer but not longer than 2400 seconds.
It is preferably 5 seconds or longer but shorter than 1200 seconds.

[0132] When the cooling rate after heating and retaining is 10°C/sec, or lower or the cooling stop temperature is higher
than Ms point, generation of bainite, retained austenite phase and pearlite, generation of more ferrite phase than nec-
essary, and deposition of a cementite phase are caused, and structures other than martensite are formed in large
amounts. Therefore, the space factor of martensite is lowered, and the space factor and mean crystal grain size of the
ferrite phase are excessively increased, leading to lowered elongation and stretch-flanging performance. The higher
the cooling rate at this time, and the lower the cooling stop temperature, the higher the space factor of martensite is
likely to be. However, since the temperature and time of the above dual-phase range annealing are suitably controlled,
the space factor becomes no greater than 95%.

[0133] After the annealing step as mentioned above is performed, it is necessary to carry out tempering (reheating
treatment) in which the material steel sheet is retained at a temperature range of 300 to 550°C for 60 seconds or longer
but not longer than 1200 seconds. In the steel sheet which has undergone the annealing step as mentioned above, fine
(ferrite phase +martensite) is formed in its metal structure. However, martensite in an annealed state is very hard, which
lowers elongation. Moreover, since martensite is hard, a difference in hardness between martensite and soft ferrite is
large, which leads to lowered stretch-flanging performance. In order to obtain excellent elongation and stretch-flanging
performance, the hardness of martensite needs to be reduced than in an annealed state, which is why it is subjected
to the tempering step.

[0134] Whenthe retaining temperature in this tempering step is lower than 300°C, softening of martensite is insufficient,
and therefore elongation and stretch-flanging performance of the steel sheet are lowered. In contrast, when the retaining
temperature is higher than 550°C, a coarse cementite phase is deposited, whereby the stretch-flanging performance of
the steel sheet is lowered.

[0135] When the retaining time of the tempering step is shorter than 60 seconds, softening of martensite is insufficient,
and therefore elongation and stretch-flanging performance of the steel sheet are lowered. In contrast, when the retaining
time is longer than 1200 seconds, martensite is too softened so that ensuring strength is made difficult, and the stretch-
flanging performance of the steel sheet is lowered by the deposition of cementite. This retaining time is preferably 90
seconds or longer but not longer than 900 seconds, and more preferably 120 seconds or longer but not longer than 600
seconds.

[0136] By subjecting the material steel sheet as mentioned above to annealing (final annealing) and tempering as
mentioned above, a steel sheet in which the space factors and grain sizes of the ferrite phase and martensite are suitably
adjusted can be obtained, and a tensile strength as high as 590 MPa and excellent elongation and stretch-flanging
performance are achieved. Such a high strength steel sheet can be used as a steel sheet with excellent press formability
as a material for various steel products typically including automobiles.

(Example 3)

[0137] Now, the present invention will be described more specifically by referring to Examples. The present invention
is not restricted in itself by the following Examples. Therefore, itis possible to carry out the invention by properly modifying
the Examples within the above described or later describe spirit of the invention, and such modifications are all to be
included in the technical scope of the present invention.

[0138] steel slabs having compositions of chemical constituents shown in Tables 10 and 11 below were prepared,
and material steel sheets were prepared from the steel slabs under the hot rolling conditions and preliminary annealing
conditions shown in Tables 12 and 13 below. Tables 10 and 11 also show the Ac; point (Ac; transformation point) and
martensite transformation start temperature, Ms point, for each steel type determined by equations (1) and (2) .

Acs(°C)=910-203-V[C]-15.2- [Ni}+44.7-[Si]+104-[V]I+31.5[Mo]+13.1-[W]-330"

(Mn]+11-[Cr]1+20-[Cu]l-720-[P]~400[A1]~-120-[As]-400"[Ti] (1)
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Ms (°C)=550-361"[C]-39° [Mn]-35- [V]-20-[Cr]-17- [Ni}1-10-[Cu]-5" [Mo]-5[W]+15"

[Col+30-[Al]

However, [C], [Ni], [Si], [V], [Mo], [W], [Mn], [Cr], [Cu], [P], [Al], [As], [Ti] and [Co] represent the amounts contained of C,
Ni, Si, V, Mo, W, Mn, Cr, Cu, P, Al, As, Ti and Co (% by mass), respectively.

[0139]

W (2)
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[0143] The material steel sheets obtained were subjected to the final annealing and reheating (tempering) under the
conditions shown in Tables 14 and 15 below to prepare test steel sheets, and the structures (space factor of ferrite a,
mean grain size of ferrite o, space factor of martensite M, and mean grain size of martensite M) and mechanical
characteristics (tensile strength TS, elongation EL, hole expansion rate A) of the test steel sheets were determined by
the methods described below. Tables 14 and 15 below also show the structures [phase constitution, space factor of
low-temperature transformation phase, grain size of former austenite (y)] of the test steel sheets before the final annealing.

[Method for measuring structures of test steel sheets]

[0144] The space factors of ferrite oo and martensite M were determined by subjecting the structure pictures of the
test steel sheets after being corroded with nital to image analysis. The mean grain sizes of ferrite o and martensite M
were measured by structure analysis using FE/SEM-EBSP, and the measurements were converted into "the equivalent
of a circle diameter" described above to determine their mean value.

[Method for measuring mechanical characteristics of test steel sheets]

[0145]
(a) Tensile test: A universal tensile tester manufactured by Instron was used to determine tensile strength (TS) and
elongation (total elongation rate: EL) by using JIS No. 5 tensile test pieces.
(b) Hole expansion test: 20-ton hole expansion tester manufactured by Tokyo Koki was used to determine hole
expansion rates (A) according to Japan Iron and Steel Federation standard (JFST1001-1996), and stretch-flanging

performance was evaluated.

[0146]
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[0148] The measurement results of the structures (space factor of ferrite o, mean grain size of ferrite o, space factor
of martensite M, mean grain size of M), and mechanical characteristics (tensile strength TS, elongation EL, hole expansion
rate A) of the test steel sheets are shown in Tables 16 and 17 below. As for "evaluation" of the mechanical characteristics,
tensile strength (TS) of 590 MPa or higher, elongation (EL) of 10% or higher, and hole expansion rate (1) of 80% or
higher were rated excellent characteristics. The samples which were excellent in all three characteristics were rated o;
those which were excellent in two characteristics out of three were rated A; and those which were excellent in only one
characteristic out of three were rated x. Only o was rated a pass.

[0149]
[Table 16]
Structure of steel plate Mechanical characteristics
Space Mean Space Mean Tensile | Elongation A
Expre\lrci)ment ?;EZI fact(c;r of Sgigzrzicr:f fact,ar of sgigzrzigf str:_nsgth EL Evaluation
o M
(% by | (wm) (% by (m) (MPa) (%) (%)
volume) volume)
1 A 12 4.8 88 4.3 609 28.5 67.3 A
2 B 13 4.9 87 4.5 1341 7.9 71. 4 X
3 C 19 2.9 81 2.5 548 32.1 82.5 A
4 D 12 2.1 88 2.2 993 12.1 113.0 ]
5 E 13 2.3 85 2.0 1107 11.9 108. 0 O
6 F 11 2.7 89 2.1 1398 6. 1 54.2 X
7 G 16 2.8 84 2.4 776 17.9 107. 3 ]
8 H 14 2.3 86 2.3 1024 13.2 105.0 0]
9 I 28 3.0 72 2.3 1419 5.8 27.4 X
10 J 35 3.8 65 2.8 587 29.0 65.9 X
11 K 25 2.8 75 24 603 28.3 86.3 ]
12 L 14 2.5 86 2.1 1117 12.1 100. 3 0]
13 M 12 2.5 88 2.2 1311 7.9 59.9 X
14 N 11 1.6 89 1.7 1024 14. 2 125.0 ]
15 o] 10 1.3 90 1.5 1018 15. 4 128.3 ]
16 P 13 2.5 87 2.0 1032 10. 1 67.3 A
17 Q 12 4.0 88 3.9 1098 12.1 72.9 A
18 R 11 4.7 89 4.1 1015 10. 8 69.5 A
* M: Martensite, o Ferrite

[0150]
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[Table 17]
Structure of steel plate Mechanical characteristics
Space Mean Space Mean Tensile | Elongation A
ExpeNrci)ment ?;Ezl fact(c:r of Sgi;Zr:igf fact'ar of Sgizrzi?Jf strflz_régth EL Evaluation
o M
(% by (nm) (% by (m) (MPa) (%) (%)
volume) volume)
19 A1 12 2.0 88 1.9 1022 11.9 112.0 ]
20 B1 9 1.6 91 1.5 995 13.2 117.2 ]
21 C1 26 1.8 74 1.9 978 14. 2 119.9 )
22 D1 12 2.1 88 2.0 1017 12.5 112.7 O
23 E1 22 2.2 78 1.9 716 16. 2 97.3 ]
24 F1 16 2.0 84 2.1 1012 14.9 118.6 )
25 G1 13 1.7 87 1.9 1023 13.6 124.1 ]
26 H1 8 1.4 92 1.3 1100 13. 8 118.8 0]
27 11 10 1.7 90 1.9 1025 14. 3 123.6 0]
28 J1 11 1.8 89 1.8 1098 13.7 121.8 ]
29 K1 12 1.9 88 1.9 1167 11.6 112.1 O
30 L1 7 1.1 93 1.3 1228 10.9 98.5 )
31 M1 12 2.0 88 1.9 1145 11.0 103.5 0]
32 N1 12 1.8 88 1.8 1097 11.7 105.2 ]
33 O1 13 2.7 87 2.1 1212 8.4 22.9 X
34 P1 16 2.2 84 1.9 1329 5.3 19.1 X
35 B1 78 13.2 22 3.5 578 15.3 34.4 X
36 C1 0 - 100 3.8 1383 5.9 78.5 X

* M: Martensite, o Ferrite

[0151] Itis possible to consider as follows from these results: Since the samples of Experiments No.4,5,7,8,11,12,14,15
and 19to 32 all meet the requirements defined in the presentinvention, they are all provided with excellent characteristics.
[0152] In contrast, the test pieces of No.1 to 3, 6, 9, 10, 13, 16 to 18 and 33 to 36 are not provided with satisfactory
characteristics as the followings because at least one requirement of their composition of chemical constituents and
manufacturing conditions falls outside the scope defined in the present invention.

[0153] Since the test pieces of Experiments No.1,2 do not contain Ti, Nb, V, Zr and the like, the grain size of the former
v in the material steel sheet (steel sheet before the final annealing) became coarse, and the desired elongation and
stretch-flanging performance could not be obtained.

[0154] The test piece of Experiment No.3 has low tensile strength TS since the amount of C contained does not fall
with in the preferable range defined in the present invention. The test piece of Experiment No. 6 has strength higher
than necessary because the amount of C contained is higher than the preferable range defined in the present invention,
so that ductility is lowered and elongation characteristics are deteriorated.

[0155] In the test piece of Experiment No. 9, the amount of Si contained is higher than the preferable range defined
in the present invention, and therefore its ductility is lowered, and elongation and stretch-flanging performance are
deteriorated.

[0156] In the test piece of Experiment No. 10, the amount of Mn contained does not fall with in the preferable range
defined in the present invention, and therefore the space factor of ferrite is increased, deteriorating tensile strength and
stretch-flanging performance.

[0157] In the test piece of Experiment No. 13, the amount of Mn contained is higher than the preferable range defined
in the present invention, and therefore its ductility is lowered, deteriorating elongation and stretch-flanging performance.
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[0158] In the test piece of No.16, flaws on the surface of the steel material are increased because the amount of Al
is higher than the preferable range defined in the present invention, whereby ductility of flawed material is lowered, and
stretch-flanging performance is deteriorated.

[0159] In the test pieces of Experiments Nos.17 and 18, the amounts of Ti, Nb, V, Zr and the like contained are low.
Therefore, micronization has not been sufficiently produced, and desired stretch-flanging performance has not been
obtained.

[0160] In the test pieces of Experiments Nos.33 and 34, the amounts of Ti, Nb, V, Zr and the like contained are too
high. Therefore, coarse carbide remains even under predetermined heat treatment conditions, and elongation and
stretch-flanging performance are deteriorated.

[0161] In the test piece of Experiment No. 35, the heating temperature in the final annealing is much below the range
defined in the present invention. Therefore, the space factor and mean grain size of ferrite, the space factor and mean
grain size of martensite in the final structure fall outside the range defined in the present invention, and desired tensile
strength and stretch-flanging performance have not been obtained.

[0162] The test piece of Experiment No. 36, the heating temperature in the final annealing is much above the range
defined in the present invention. Therefore, the final structure became a single-phase structure of martensite, and the
space factor of ferrite and the space factor and mean grain size of martensite fall outside the range defined in the present
invention. Accordingly, desired elongation and stretch-flanging performance have not been obtained.

[0163] Although the presentinvention has been described in detail with reference to specific embodiments, it is obvious
for a person of skill in the art that various modifications and alterations can be made without deviating from the spirit
and scope of the present invention. the present application is based on Japanese Patent Application (No. 2006-194056)
applied on July 14, 2006; Japanese Patent Application (No. 2007-144466) applied on May 31, 2007; Japanese Patent
Application No. applied on May 31, 20072007-144705) ; and Japanese Patent Application (No. 2007-145987) applied
on May 31, 2007, and their disclosures are incorporated herein by reference.

[Industrial Applicability]

[0164] The high strength steel sheet according to the present invention has excellent elongation and stretch-flanging
performance at the same time, and thus has excellent press formability. Therefore, the high strength steel sheet according
tothe presentinvention can be processed by press molding to be used for various industrial products such as automobiles,
especially for industrial products where weight reduction is necessary.

The present invention further relates to the following embodiments:

[1] A high strength steel sheet which comprises, in percent by mass, C: 0.05 to 0.3%; Si: 3% or less (not including
0%.); Mn: 0.5 to 3.0%; Al: 0.01 to 0.1%; and the remainder comprising iron and inevitable impurities, the high
strength steel sheet having a space factor of a martensite phase which is a main component of a metal structure
of 50% or higher, and a tensile strength of 590 MPa or higher.

[2] A high strength steel sheet according to embodiment 1, wherein the structure which is a main part of the metal
structure is the martensite phase, which is tempered martensite, and finely dispersed annealed bainite; the space
factor of the tempered martensite is 50 to 95%; the space factor of the annealed bainite is 5 to 30%; and a mean
grain size of the tempered martensite is 10 wm or lower in terms of the equivalent of a circle diameter.

[3] A high strength steel sheet according to embodiment 1, wherein the space factor of the martensite phase which
is a main part of the metal structure is 80% or higher ; the mean grain size of the martensite phase is 10 um or
smaller in terms of the equivalent of a circle diameter; the space factor of the martensite phase having a grain size
of 10 wm or larger in terms of the equivalent of a circle diameter in the martensite phase is 15% or lower; and the
space factor of the retained austenite phase in the metal structure is 3% or lower.

[4] A high strength steel sheet according to embodiment 3, wherein the martensite phase is a tempered martensite
phase; an annealed martensite phase is contained as the metal structure other than the martensite phase and the
retained austenite phase; and the space factor of the annealed martensite phase is 3 to 20%.

[5] A high strength steel sheet according to embodiment 1, wherein the structure which is a main part of the metal
structure is the martensite phase and a ferrite phase; the space factor of the martensite phase is 50 to 95%; the
space factor of the ferrite phase is 5 to 30%; and the mean grain size of the martensite phase is 10 wm or smaller
in terms of the equivalent of a circle diameter.

[6] A high strength steel sheet according to embodiment 5, wherein the ferrite phase is annealed martensite.
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[7]1 A high strength steel sheet according to any one of embodiments 1 to 6, wherein at least an element selected
from Ti, Nb, V and Zr is further contained in an amount of 0.01 to 1% by mass in total.

[8] A high strength steel sheet according to any one of embodiments 1 to 7, wherein Ni and/or Cu aref/is further
contained in an amount of 1% by mass or lower in total.

[9] A high strength steel sheet according to any one of embodiments 1 to 8, wherein Cr: 2% by mass or less and/or
Mo: 1% by mass or less are/is further contained.

[10] A high strength steel sheet according to any one of embodiments 1 to 9, wherein 0.0001 to 0.005% by mass
of B is further contained.

[11] A high strength steel sheet according to any one of embodiments 1 to 10, wherein Ca and/or REM arefis further
contained in an amount of 0.003% by mass or lower in total.

[12] A method for manufacturing a high strength steel sheet according to embodiment 2, the method comprising
using a steel sheet having a space factor of bainite in the entire metal structure of 90% or higher as a material steel
sheet; heating and retaining the material steel sheet at a temperature of (Ac; point -100°C) or higher but not higher
than Ac, point for 0 to 2400 seconds (including 0 seconds); then cooling the material steel sheet to a transformation
start temperature of martensite, Ms point, or lower at an average cooling rate of 10°C/sec. or higher; and subsequently
conducting a heat treatment in which the steel sheet is heated and retained at a temperature of 300 to 550°C for
60 to 1200 seconds.

[13] A method for manufacturing a high strength steel sheet according to embodiments 3 or 4, the method comprising
using a steel sheet in which the total space factor of the martensite phase and/or of the retained austenite phase
in the entire metal structure is 90% or higher as a material steel sheet; heating and retaining the steel sheet at a
temperature of (Acz point-100°C) or higher but not higher than Ac; point for 30 to 1200 seconds; cooling the steel
sheet to a transformation start temperature of martensite, Ms point, or lower at an average cooling rate of 10°C/sec.
or higher; and further conducting a heat treatment in which the steel sheet is heated and retained at a temperature
of 300 to 500°C for 60 to 1200 seconds.

[14] A method for manufacturing a high strength steel sheet according to embodiments 5 or 6, the method comprising
providing a total space factor of the martensite phase and/or bainite phase in the entire metal structure is 90% or
higher; using a steel sheet having a grain size of the former austenite of 20 wm or smaller in terms of the equivalent
of a circle diameter as a material steel sheet; heating and retaining the steel sheet at a temperature of (Ac; point
-100°C) or higher but not higher than Ac, point for 1 to 2400 seconds; then cooling the steel sheet to a transformation
starttemperature of martensite, Ms point, or lower at an average cooling rate of 10°C/sec. or higher; and subsequently
conducting a heat treatment in which the steel sheet is heated and retained at a temperature of 300 to 550°C for
60 to 1200 seconds.

Claims

A high strength steel sheet which comprises, in percent by mass, C: 0.05 to 0.3%; Si: 3% or less (not including
0%.); Mn: 0.510 3.0%; Al: 0.01 to 0.1%; and the remainder comprising iron and inevitable impurities, the high strength
steel sheet having a space factor of a martensite phase which is a main component of a metal structure of 50% or
higher, wherein the space factor of the martensite phase which is a main part of the metal structure is 80% or higher ;
the mean grain size of the martensite phase is 10 wm or smaller in terms of the equivalent of a circle diameter; the
space factor of the martensite phase having a grain size of 10 wm or larger in terms of the equivalent of a circle
diameter in the martensite phase is 15% or lower; and the space factor of the retained austenite phase in the metal
structure is 3% or lower, and a tensile strength of 590 MPa or higher.

A high strength steel sheet according to claim 1, wherein the martensite phase is a tempered martensite phase; an
annealed martensite phase is contained as the metal structure other than the martensite phase and the retained

austenite phase; and the space factor of the annealed martensite phase is 3 to 20%.

A high strength steel sheet according to any one of claims 1 to 2, wherein at least an element selected from Ti, Nb,
V and Zr is further contained in an amount of 0.01 to 1% by mass in total.

64



10

15

20

25

30

35

40

45

50

55

EP 2 465 962 A1

A high strength steel sheet according to any one of claims 1 to 3, wherein Ni and/or Cu are/is further contained in
an amount of 1% by mass or lower in total.

A high strength steel sheet according to any one of claims 1 to 4, wherein Cr: 2% by mass or less and/or Mo: 1%
by mass or less arefis further contained.

A high strength steel sheet according to any one of claims 1 to 5, wherein 0.0001 to 0.005% by mass of B is further
contained.

A high strength steel sheet according to any one of claims 1 to 6, wherein Ca and/or REM are/is further contained
in an amount of 0.003% by mass or lower in total.

A method for manufacturing a high strength steel sheet according to claim 1 or 2, the method comprising using a
steel sheet in which the total space factor of the martensite phase and/or of the retained austenite phase in the
entire metal structure is 90% or higher as a material steel sheet; heating and retaining the steel sheet at a temperature
of (Acz point-100°C) or higher but not higher than Ac; point for 30 to 1200 seconds; cooling the steel sheet to a
transformation start temperature of martensite, Ms point, or lower at an average cooling rate of 10°C/sec. or higher;
and further conducting a heat treatment in which the steel sheet is heated and retained at a temperature of 300 to
500°C for 60 to 1200 seconds.
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