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Description

[0001] The present invention relates to a high-strength thin steel sheet drawable and excellent in a shape fixation
property, and a method of producing the steel sheet. By this invention, it is particularly possible to obtain a good drawability
even with a steel sheet having a texture disadvantageous for drawing work.

[0002] The application of aluminum alloys and other light metals and high-strength steel sheets to automobile members
has expanded recently for the purpose of reducing automobile weight and thereby reducing fuel consumption and other
related advantages. However, while light metals such as aluminum alloys have an advantage of high specific strength,
their application is limited to special uses because they are far more costly than steel. To further reduce automobile
weight, therefore, a wider application of low cost, high-strength steel sheets is strongly required.

[0003] However, when bending deformation is applied to a work piece of a high-strength steel sheet, because of the
high strength, its shape after the work tends to deviate from the shape of the forming jig and return to the original shape.
The phenomenon of the shape after working of a work piece returning to the original shape is called spring back. When
spring back occurs, an envisaged shape is not obtained in a work piece. For this reason, high-strength steel sheets used
for conventional automobile bodies have mostly been limited to those having a strength up to 440 MPa.

[0004] Although it is necessary to further reduce the weight of a car body by the use of a high-strength steel sheet
having a high strength of 490 MPa or more, a high-strength steel sheet showing small spring back and having a good
shape fixation property has not been made available to date. Needless to say, to enhance the shape fixation property
after the working of a high-strength steel sheet having a strength up to 440 MPa or a sheet of a mild steel is extremely
important for improving the shape accuracy of products such as automobiles and electric home appliances.

[0005] Japanese Unexamined Patent Publication No. H10-72644 discloses a cold-rolled austenitic stainless steel
sheet having a small amount of spring back (referred to as dimensional accuracy in the present invention) characterized
in that the convergence of a {200} texture in a plane parallel to the rolled surfaces is 1.5 or more. However, the publication
does not include any description related to a technology of reducing the phenomena of the spring back and/or the wall
warping of a ferritic steel sheet.

[0006] Besides the above, as a technology for reducing the amount of spring back of a ferritic stainless steel sheet,
Japanese Unexamined Patent Publication No. 2001-32050 discloses an invention wherein the reflected x-ray strength
ratio of a {100} plane parallel to the sheet surfaces is controlled to 2 or more in the texture at the center of the sheet
thickness. However, the invention neither refers to the reduction of wall warping nor includes any specification regarding
the orientation component group of {100}<011> to {223}<110> and the orientation component {112}<110>, which is an
important orientation component for reducing the wall warping.

[0007] Further, WO No. 00/06791 discloses a ferritic thin steel sheet wherein the ratio of reflected X-ray strength of a
{100} plane to that of a {111} plane is controlled to 1 or more for the purpose of improving the shape fixation property.
However, unlike the present invention, this invention does not refer to the ratios of the X-ray strength in the orientation
component group of {100}<011> to {223}<110> to the random X-ray diffraction strength and those in the orientation
components of {5654}<225>, {111}<112> and {111}<110> to the random X-ray diffraction strength, and, in addition, there
is no disclosure on the technology of improving drawability.

[0008] Japanese Unexamined Patent Publication No. 2001-64750 discloses a cold-rolled steel sheet wherein, as a
technology for reducing the amount of spring back, the reflected X-ray strength ratio of a {100} plane parallel to sheet
surfaces is controlled to 3 or more. However, this invention is characterized by specifying the reflected X-ray strength
ratio of a {100} plane on a very surface of a steel sheet, and the position of X-ray measurement is different from the
position specified in the present invention, where the average X-ray strength ratio in the orientation component group
of {100}<011> to {223}<110> is measured at the center of the thickness of a steel sheet. Besides, this invention neither
refers to the orientation components of {5654}<225>, {111}<112> and {111}<110>, nor discloses any technology of
improving drawability.

[0009] Further, as a steel sheet excellent in a shape fixation property, Japanese Unexamined Patent Publication No.
2000-297349 discloses a hot-rolled steel sheet wherein the absolute value of the in-plane anisotropy of r-value Ar is
controlled to 0.2 or less. However, this invention is characterized by improving a shape fixation property by lowering a
yield ratio, and it does not include any description regarding the control of a texture aiming at improving a shape fixation
property based on the philosophy described in the present invention.

[0010] In such a situation, the present invention relates to a high-strength thin steel sheet drawable and excellent in
a shape fixation property for obtaining a good drawability even with a steel sheet having a texture disadvantageous for
drawing work, and a method of producing the same. In other words, the object of the present invention is to provide a
high-strength thin steel sheet excellent in a shape fixation property and drawability, and a method of producing said
steel sheet economically and stably.

[0011] The inventors of the present invention, in consideration of the production processes of high-strength thin steel
sheets presently produced on an industrial scale using generally employed production facilities, earnestly studied how
to obtain a high-strength thin steel sheet having both a good shape fixation property and a high drawability simultaneously.
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[0012] As aresult, the present invention has been established based on a new discovery that the following conditions
are very effective for securing both a good shape fixation property and a high drawability at the same time: at least on
a plane at the center of the thickness of a steel sheet, the average ratio of the X-ray strength in the orientation component
group of {100}<011> to {223}<110> to random X-ray diffraction strength is 3.0 or more and the average ratio of the X-
ray strength in the three orientation components of {554}<225>, {111}<112>and {111}<110> to random X-ray diffraction
strength is 3.5 or less; a composition having a lubricating effect is Applied to a steel sheet wherein an arithmetic average
of roughness Ra of at least one of the surfaces is 1 to 3.5 um; and the friction coefficient of the steel sheet surfaces at
0 to 200°C is 0.05 to 0.2.

[0013] The present invention is defined by the features of the claims.

Fig. 1 is a schematic illustration showing the sectional shape of a sample having undergone a bending test.
Fig. 2 is an illustration explaining a friction coefficient-measuring apparatus.

[0014] The present invention according to the claims will be explained in detail.

[0015] For realizing an excellent shape fixation property, it is necessary that the average of the ratio of the X-ray
strength in the orientation component group of {100}<011> to {223}<110> to random X-ray diffraction strength on a plane
at the center of the thickness of a steel sheet be 3 or more. If it is below 3, the shape fixation property becomes poor.
[0016] Here, the average ratio of the X-ray strength in the orientation component group of {100}<011> to {223}<110>
to random X-ray diffraction strength is obtained from the three-dimensional texture obtained by calculating the X-ray
diffraction strengths in the principal orientation components included in the orientation component group, namely
{100}<011>, {116}<110>, {114}<110>, {113}<110>, {112}<110>, {335}<110> and {223}<110>, either by the vector meth-
od based on the pole figure of {110}, or by the series expansion method using two or more (desirably, three or more)
pole figures out of the pole figures of {110}, {100}, {211} and {310}.

[0017] For example, as the ratio of the X-ray strength in the above crystal orientation components to random X-ray
diffraction strength calculated by the latter method, the strengths of (001)[1-10], (116)[1-10], (114)[1-10], (113)[1-10],
(112)[1-10], (335)[1-10] and (223)[1-10] at a $2 = 45° cross section in a three-dimensional texture can be used without
modification. Note that the average ratio of the X-ray strength in the orientation component group of {100}<011> to
{223}<110> to random X-ray diffraction strength is the arithmetic average ratio of all the above orientation components.
When it is impossible to obtain the strengths in all these orientation components, the arithmetic average of the strengths
in the orientation components of {100}<011>, {116}<110>, {114}<110>, {112}<110> and {223}<110> may be used as a
substitute.

[0018] In addition to the above, it is necessary that the average ratio of the X-ray strength in the following three
orientation components, namely {554}<225>, {111}<112>and {111}<110>, to random X-ray diffraction strength be below
2.5. When it is not below 2.5, even if the average ratio of the X-ray strength in the orientation component group of {100}
<011>to {223}<110> to random X-ray diffraction strength is within the appropriate range, a good shape fixation property
is not obtained. Here, the average ratio of the X-ray strength in the three orientation components of {554}<225>,
{111}<112> and {111}<110> to random X-ray diffraction strength can be calculated from the three-dimensional texture
obtained in the same manner as explained above. It is preferable in the present invention that the average ratio of the
X-ray strength in the orientation component group of {100}<011> to {223}<110> to random X-ray diffraction strength be
4 or more.

[0019] The reason why the X-ray strengths in the crystal orientation components are important for a shape fixation
property in bending work is not altogether clear, but it is estimated that the sliding behavior of crystals during bending
deformation has some connection.

[0020] A specimen for an X-ray diffraction measurement is prepared by cutting out a test piece 30 mm in diameter
from a position of 1/4 or 3/4 of the width of a steel sheet, grinding the surfaces up to the three-triangle grade finish (the
second finest finish) and, then, removing strain by chemical polishing or electrolytic polishing. Note that a crystal orien-
tation component expressed as {hkl}<uvw> means that the direction of a normal to the plane of a steel sheet is parallel
to <hkl> and the rolling direction of the steel sheet is parallel to <uvw>. The measurement of a crystal orientation with
X-ray is conducted, for example, in accordance with the method described in pages 274 to 296 of the Japanese translation
of Elements of X-ray Diffraction by B. D. Cullity (published in 1986 from AGNE Gijutsu Center, translated by Gentaro
Matsumura).

[0021] Next, the surface conditions of a steel sheet, which are important in the present invention for securing good
drawability, are explained. In the presentinvention, the arithmetic average of roughness Ra of at least one of the surfaces
of a steel sheet before the steel sheet is coated with a composition.having a lubricating effect is determined to be from
1 to 3.5 um. When the arithmetic average of roughness Ra is below 1 um, it becomes difficult to retain on the steel
sheet surface a composition having a lubricating effect to be applied later. When the arithmetic average of roughness
Ra exceeds 3.5 um, on the other hand, a sufficient lubricating effect cannot be obtained even after a composition having
a lubricating effect is applied. For this reason, the arithmetic average of roughness Ra of at least one of the surfaces of
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a steel sheet is determined to be from 1 to 3.5 um. A preferable range is from 1 to 3 wm. Here, the arithmetic average
of roughness Ra is an arithmetic average of roughness Ra specified in Japanese Industrial Standard (JIS) B 0601-1994.
[0022] In addition to the above, in the present invention, the friction coefficient of a steel sheet after the application of
a composition having a lubricating effect is determined to be 0.05 to 0.2 at 0 to 200°C in the direction of rolling and/or
in the direction perpendicular to the rolling direction. When a friction coefficient is below 0.05, even if blank holding force
(BHF) is increased during press forming for improving a shape fixation property, a steel sheet is not held at its brim and
the material flows into a die, deteriorating the shape fixation property. When a friction coefficient exceeds 0.2, on the
other hand, the flow of a steel sheet into a die is decreased even if the BHF is lowered within a practical tolerance,
probably leading to the deterioration of drawing workability. For this reason, the friction coefficient of at least one of the
directions must be 0.05 to 0.2.

[0023] As for the temperature range in which the value of a friction coefficient is prescribed, if a friction coefficient is
measured at below 0°°C, an adequate evaluation is impossible because of frost and so on forming on a steel sheet
surface. If the temperature is above 200°C, a composition having a lubricating effect applied to the surfaces of a steel
sheet may become unstable. For this reason, the temperature range in which the value of afriction coefficient is prescribed
is determined to be from 0 to 200°C.

[0024] Here, a friction coefficient is defined as the ratio (f/F) of a drawing force (f) to a pressing force (F) in the following
test procedures: a composition having a lubricating effect is applied to the surfaces of a subject steel sheet to be evaluated;
the steel sheet is placed between two flat plates having a Vickers hardness of Hv600 or more at the surfaces; a force
(F) perpendicular to the surfaces of the subject steel sheet is imposed so that the contact stress is 1.5 to 2 kgf /mm2;
and the force (f) required for pulling out the subject steel sheet from between the flat plates is measured.

[0025] Then, anindex of drawability of a steel sheet is defined as the quotient (D/d) obtained by dividing the maximum
diameter (D) in which drawing has been successful by the diameter (d) of a cylindrical punch when a steel sheet is
formed into a disc-shape.and subjected to drawing work using the cylindrical punch. In this test, steel sheets are formed
into various disc-shapes 300 to 400 mm in diameter and a cylindrical punch 175 mm in diameter having a shoulder 10
mm in radius around the bottom face and a die having a shoulder 15 mm in radius are used in the evaluation of drawability.
[0026] The microstructure of a steel sheet according to the present invention is explained hereafter.

[0027] In the present invention, it is not necessary to specify the microstructure of a steel sheet for the purpose of
improving a shape fixation property; the effect of the present invention on improving a shape fixation property is obtained
as far as a texture falling within the range of the present invention (the ratios of the x-ray strength in specific orientation
components to random X-ray diffraction strength within the ranges of the present invention) is obtained in the structures
of ferrite, bainite, pearlite and/or martensite formed in commonly used steel materials. Further, stretch formability and
other press forming properties can be enhanced, when a specific microstructure, for example, a compound structure
containing retained austenite by 5 to 25% in terms of volume percentage and having the balance mainly consisting of
ferrite and bainite, a compound structure containing ferrite as the phase accounting for the largest volume percentage
and martensite mainly as the second phase, or the like, is formed.

[0028] Note that, when a structure which is not a bcc crystal structure, such as retained austenite, is included in a
compound structure composed of two or more phases, such a compound structure does not pose any problem insofar
as the ratios of the X-ray strength in the orientation components and orientation component groups to random X-ray
diffraction strength converted by the volume percentage of the other structures are within the respective ranges of the
present invention.

[0029] Besides, pearlite containing coarse carbides may act as a starting point of a fatigue crack, remarkably deteri-
orating fatigue strength, and, for this reason, it is desirable that the volume percentage of the pearlite containing coarse
carbides be 15% or less. When yet better fatigue properties are required, it is desirable that the volume percentage of
the pearlite containing coarse carbides be 5% or less.

[0030] Here, the volume percentage of ferrite, bainite, pearlite, martensite or retained austenite is defined as the area
percentage in a microstructure at a position in the depth of 1/4 of the steel sheet thickness, obtained by: polishing a test
piece, which is cut out from a position of 1/4 or 3/4 of the width of a steel sheet, along the section surface in the rolling
direction; etching the section surface with nitral reagent and/or the reagent disclosed in Japanese Unexamined Patent
Publication No. H5-163590; and then observing the etched surface with a light-optical microscope under a magnification
of 200 to 500. Since it is sometimes difficult to identify retained austenite by the etching with the above reagents, the
volume percentage may be calculated in the following manner.

[0031] Because the crystal structure of austenite is different from that of ferrite, they can be easily distinguished
crystallographically. Therefore, the volume percentage of retained austenite can be obtained by the X-ray diffraction
method too, namely by the simplified method of calculating the volume percentage by the following equation based on
the difference between austenite and ferrite in the reflection intensity of their lattice planes using the Ka. ray of Mo:
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Vy = (2/3){100/(0.7 x a(211)/y(220) + 1)} +
(1/3){100/(0.78 x a(211)/y(311) + 1)},

where, a(211), y(220) and y(311) are the X-ray reflection intensity values of the indicated lattice planes of ferrite (a) and
austenite (y), respectively.

[0032] In order to obtain a low yield ratio for realizing a better shape fixation property than the once improved shape
fixation property in the present invention, it is necessary that the microstructure of a steel sheet is a compound structure
containing ferrite as the phase accounting for the largest volume percentage and martensite mainly as the second phase.
Here, the present invention allows containing unavoidably included bainite, retained austenite and pearlite if their total
percentage is below 5%. Note that, for securing a low yield ratio of 70% or less, it is desirable that the volume percentage
of ferrite be 50% or more.

[0033] In order to obtain a good ductility, in addition to improving a shape fixation property, in the present invention,
it is necessary that the microstructure of a steel sheet is a compound structure containing retained austenite by 5% to
25% in terms of volume percentage and having the balance mainly consisting of ferrite and bainite. Here, the present
invention allows containing unavoidably included martensite and pearlite if their total percentage is below 5%.

[0034] Further, in order to obtain a good burring workability, in addition to improving a shape fixation property, in the
present invention, it is necessary that the microstructure of a steel sheet is a compound structure containing bainite or
ferrite and bainite as the phase accounting for the largest volume percentage. Here, the present invention allows con-
taining unavoidably included martensite, retained austenite and pearlite. In order to obtain a good burring workability (a
hole expansion ratio), itis desirable that the total volume percentage of hard retained austenite and martensite be below
5%. It is also desirable that the volume percentage of bainite be 30% or more. Further, for realizing a good ductility, it
is desirable that the volume percentage of bainite be 70% or less.

[0035] In order to obtain a better burring workability, in addition to improving a shape fixation property, in the present
invention, it is desirable that the microstructure of a steel sheet consists of a single phase of ferrite for securing a good
burring workability (a hole expansibility). Here, the present invention allows some amount of bainite to be contained as
occasion demands. Further, in order to secure a yet better burring workability, it is desirable that the volume percentage
of bainite be 10% or less. Here, the present invention allows containing unavoidably included martensite, retained
austenite and pearlite. The ferrite mentioned here includes bainitic ferrite and acicular ferrite structures. Further, in order
to secure good fatigue properties, it is desirable that the volume percentage of pearlite containing coarse carbides be
5% or less. Additionally, in order to secure a good burring workability (a hole expansibility), it is desirable that the total
volume percentage of retained austenite and martensite be below 5%.

[0036] Next, the reasons why the chemical components are limited in the present invention are explained.

[0037] The present invention according to the claims is explained in detail.

[0038] Cis anindispensable element for obtaining a desired microstructure. When C content exceeds 0.3%, however,
workability is deteriorated and, for this reason, the content is set at 0.3% or less. Additionally, when C content exceeds
0.2%, weldability is deteriorated and, for this reason, it is desirable that the content be 0.2% or less. On the other hand,
when the content of C is below 0.01%, steel strength decreases and, therefore, the content is set at 0.01% or more.
Further, in order to obtain retained austenite stably in an amount sufficient for realizing a good ductility, it is desirable
that the content be 0.05% or more.

[0039] In addition, when the content of C exceeds 0.1%, workability and weldability are deteriorated, and, therefore,
the content is set at 0.1% or less. When the content is below 0.01%, steel strength is lowered and, for this reason, its
content is set at 0.01% or more.

[0040] Siis a solute strengthening element and, as such, it is effective for enhancing strength. Its content has to be
0.01% or more for obtaining a desired strength but, when it is contained in excess of 2%, workability is deteriorated. The
Si content, therefore, is determined to be from 0.01 to 2%.

[0041] Mn is a solute strengthening element and, as such, it is effective for enhancing strength. Its content has to be
0.05% or more for obtaining a desired strength. In the case where elements such as Ti, which suppress the occurrence
of hot cracking induced by S, are not added in a sufficient amount in addition to Mn, it is desirable to add Mn so that the
expression Mn/S = 20 is satisfied in terms of mass percentage. Further, Mn is an element to stabilize austenite and,
therefore, in order to stably obtain a sufficient amount of retained austenite for realizing a good ductility, it is desirable
that its addition amount be 0.1% or more. When Mn is added in excess of 3%, on the other hand, cracks occur to slabs.
Thus, the content is set at 3% or less.

[0042] P is an undesirable impurity, and the lower its content the better. When the content exceeds 0.1%, workability
and weldability are adversely affected, and so are fatigue properties. Therefore, P content is set at 0.1% or less.
[0043] S causes cracks to occur during hot rolling when contained too much and, therefore, the content must be
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controlled as low as possible, but the content up to 0.03% is permissible. S is also an impurity and the lower its content
the better. When S content is too large, the A type inclusions detrimental to local ductility and burring workability are
formed and, for this reason, the content has to be minimized. A desirable content of S is, therefore, 0.01% or less.
[0044] Alis required to be added by 0.005% or more for deoxidizing molten steel, but its upper limit is set at 1.0% for
avoiding cost increase. Al increases the formation of non-metallic inclusions and deteriorates elongation when added
excessively and, for this reason, a desirable content of Al is 0.5% or less.

[0045] N combines with Ti and Nb and forms precipitates at a temperature higher than C does, and, by so doing,
decreases the amounts of Ti and Nb which are effective for fixing C. For this reason, N content must be minimized. A
permissible content of N is 0.005% or less.

[0046] Ti contributes to the increase of the strength of a steel sheet through precipitation strengthening. When the
content is below 0.05%, however, the effect is insufficient and, when the content exceeds 0.5%, not only the effect is
saturated but also the cost of alloy addition is increased. For this reason, the content of Ti is determined to be from 0.05
to 0.5%.

[0047] In addition, Ti is one of the most important elements in the present invention. That is, in order to precipitate
and fix C, which forms carbides such as cementite detrimental to burring workability, and thereby contribute to the
improvement of burring workability, itis necessary that the condition, Ti- (48/12)C - (48/14)N - (48/32)S = 0%, be satisfied.
[0048] Here, since S and N combine with Ti to form precipitates at a temperature comparatively higher than C does,
in order to satisfy the expression Ti = 48/12C, the condition, Ti - (48/12)C - (48/14)N - (48/32) S = 0%, must be satisfied
inevitably.

[0049] Nb contributes to the improvement of the strength of a steel sheet through precipitation strengthening, like Ti
does. It also has an effect to improve burring workability by making crystal grains fine. When the content is below 0.01%,
however, the effects do not show up sufficiently and, if the content exceeds 0.5%, not only the effects are saturated but
also the cost of alloy addition is increased. For this reason, the content of Nb is determined to be from 0.01 to 0.5%.
[0050] In order to precipitate and fix C, which forms carbides such as cementite detrimental to burring workability, and
thereby contribute to the improvement of burring workability, it is necessary that the condition, Ti + (48/93)Nb - (48/12)C
- (48/14)N - (48/32)S = 0%, be satisfied.

[0051] Here, since Nb forms carbides at a temperature comparatively lower than Ti does, in order to satisfy the
expression Ti + 48/93Nb = 48/12C, the condition, Ti + (48/93)Nb - (48/12)C - (48/14)N - (48/32)S = 0%, must be satisfied
inevitably.

[0052] Cu is added as occasion demands, since it has an effect to improve fatigue properties when it is in the state
of solid solution. However, a tangible effect is not obtained when the addition amount is below 0.2%, but the effect is
saturated when the content exceeds 2%. Thus, the range of the Cu content is determined to be from 0.2 to 2%. It has
to be noted that, when the coiling temperature is 450°C or higher, if Cu is contained in excess of 1.2%, it may precipitate
after coiling, drastically deteriorating workability. For this reason, it is desirable that the content of Cu be limited to 1.2%
or less.

[0053] B is added as occasion demands, since it has an effect to raise fatigue limit when added in combination with
Cu. Further B is added as occasion demands, since it has an effect to raise fatigue limit by suppressing the intergranular
embrittlement caused by P, which is considered to result from a decrease in the amount of solute C. An addition of B
by below 0.0002% is not enough for obtaining the effects but, when B is added in excess of 0.002%, cracks occur to a
slab. For this reason, the addition amount of B is determined to be from 0.0002 to 0.002%.

[0054] Niis added as occasion demands for preventing hot shortness caused by containing Cu. An addition amount
of below 0.1% is not enough for obtaining the effect but, when Ni is added in excess of 1%, the effect is saturated. For
this reason, the content is determined to be from 0.1 to 1%. Note that, when the content of Cu is 1.2% or less, it is
desirable that the content of Ni be 0.6% or less.

[0055] Ca and REM are elements to modify the shape of non-metallic inclusions, which serve as starting points of
fractures and/or deteriorate workability, and to render them harmless. But a tangible effect is not obtained when either
of them is added by below 0.0005%. When Ca is added in excess of 0.002% or REM in excess of 0.02%, the effect is
saturated. Thus, it is desirable to add Ca by 0.0005 to 0.002% and REM by 0.0005 to 0.02%.

[0056] Additionally, one or more of precipitation strengthening elements and solute strengthening elements, namely
Mo, V, Cr and Zr, may be added for enhancing strength. However, when they are added by below 0.05%, 0.02%, 0.01%
and 0.02%, respectively, no tangible effects show up and, when they are added in excess of 1%, 0.2%, 1% and 0.2%,
respectively, the effects are saturated.

[0057] Sn, Co, Zn, W and/or Mg may be added by 1% or less in total to a steel mainly consisting of the components
explained above, but, since Sn may cause surface defects during hot rolling, it is preferable to limit the content of Sn to
0.05% or less.

[0058] Now, the reasons for limiting the conditions of the production method according to the present invention are
hereafter described in detail.

[0059] A steel sheet according to the present invention can be produced through the processes of: casting; hot rolling
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and cooling, or hot rolling, cooling, pickling and cold rolling; then, heat treatment or heat treatment of a hot-rolled or cold-
rolled steel sheet in a hot dip plating line; and further surface treatment applied to a steel sheet thus produced separately
as occasion demands.

[0060] The-present invention does not particularly specify the production methods prior to hot rolling. That is: a steel
may be melted and refined by a blast furnace, an electric arc furnace or the like; then the chemical components may be
adjusted so as to contain desired amounts of the components in one or more of various secondary refining processes;
and then the steel may be cast into a slab through a casting process such as an ordinary continuous casting process,
an ingot casting process and a thin slab casting process. Steel scraps may be used as a raw material. Further, in the
case of a slab cast through a continuous casting process, the slab may be fed to a hot-rolling mill directly while it is hot,
or after cooling it to the room temperature and then heating it in a reheating furnace.

[0061] No specific limitis particularly set to the temperature of reheating, butitis desirable that a reheating temperature
be below 1,400°C since, when it is 1,400°C or higher, the amount of scale off becomes large and the product yield is
lowered. It is also desirable that a reheating temperature be 1,000°C or higher since a reheating temperature of below
1,000°C remarkably lowers the operation efficiency of the mill in the rolling schedule.

[0062] Itis desirable that a reheating temperature be 1,100°C or higher, because, when the reheating temperature is
below 1,100°C, not only precipitates containing Tiand/or Nb coarsen without remelting in a slab and thus their precipitation
strengthening capacity is lost, but also precipitates containing Ti and/or Nb having a size and a distribution desirable for
improving burring workability do not precipitate.

[0063] In a hotrolling process, a slab undergoes finish rolling after completing rough rolling. When descaling is applied
after completing rough rolling, it is desirable that the following condition be satisfied:

P (MPa) x L (l/cm?) 2 0.0025S,’

where P (MPa) is an impact pressure of high-pressure water on a steel sheet surface, and L (1/cm2) is a flow rate of
descaling water.

[0064] An impact pressure P of high-pressure water on a steel sheet surface is expressed as follows (see Tetsu-to-
Hagane, 1991, Vol. 77, No. 9, p.1450):

P (MPa) = 5.64 x PO x V x H?,

where, PO (MPa) is a pressure of liquid, V (1/min.) is a liquid flow rate of a nozzle, and H (cm) is a distance between a
nozzle and the surface of a steel sheet.
[0065] The flow rate L (1/cm2) is expressed as follows:

L (1/cm?) = V/(W x v)

where, V (1/min.) is a liquid flow rate of a nozzle, W (cm) is the width where the.liquid blown from a nozzle hits a steel
sheet surface, and v (cm/min.) is a travelling speed of a steel sheet.

[0066] For obtaining the effects of the present invention, it is not necessary to particularly set an upper limit to the
product of the impact pressure P and the flow rate L, but it is preferable that the product be 0.02 or less because, when
the liquid flow rate of a nozzle is raised, troubles such as the increased wear of the nozzle occur.

[0067] It is preferable, further, that the maximum roughness height Ry of a steel sheet after finish rolling be 15 um
(we define as 15 umRYy, this is a result when the standard length 1 is 2.5 mm and the length of evaluation In is 12.5 mm
applied to the method described in p5 - p7 of JIS B 0601-1994.) or less. The reason for this is clear from the fact that
the fatigue strength of a steel sheet as hot-rolled or as pickled correlates with the maximum roughness height Ry of the
steel sheet surface, as stated in page 84 of Metal Material Fatigue Design Handbook edited by the Society of Materials
Science, Japan, for example. Further, it is preferable that the finish hot rolling be done within 5 sec. after high pressure
descaling, in order to prevent scales from forming again.

[0068] Inaddition, in orderto realize an effect to lower a friction coefficient by applying a composition having a lubricating
effect, it is desirable that the arithmetic average of roughness Ra of the surface of a steel sheet after finish rolling be 3.5
or less, unless the steel sheet is subjected to skin pass rolling or cold rolling after hot rolling or pickling.

[0069] Besides the above, the finish rolling may be conducted continuously by welding sheet bars together after rough
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rolling or the subsequent descaling. In this case, the rough-rolled sheet bars may be welded together after being coiled
temporarily, held inside a cover having a heat retention function, as occasion demands, and then uncoiled.

[0070] When a hot-rolled steel sheet is used as a final product, it is necessary that the finish rolling be done at a total
reduction ratio of 25% or more in the temperature range of the Ar; transformation temperature + 100°C or lower during
the latter half of the finish rolling. Here, the Ar; transformation temperature can be expressed in relation to the steel
chemical components, in a simplified manner, by the following equation, for instance:

Ar; = 910 - 310 x %C + 25 x %5i - 80 x %Mn.

[0071] When the total reduction ratio in the temperature range of the Ar; transformation temperature + 100°C or lower
is less than 25%, the rolled austenite texture does not develop sufficiently and, as a result, the effects of the present
invention are not obtained, no matter how the steel sheet is cooled thereafter. For obtaining a sharper texture, it is
desirable that the total reduction ratio in the temperature range of the Ar, transformation temperature + 100°C or lower
be 35% or more.

[0072] The presentinvention does not particularly specify a lower limit of the temperature range when the rolling of a
total reduction ratio of 25% or more is carried out. However, when the rolling is done at a temperature below the Ary
transformation temperature, a work-induced structure remains in ferrite having precipitated during the rolling, and, as a
result, ductility is lowered and workability is deteriorated. For this reason, it is desirable that the lower limit of the tem-
perature range when the rolling of a total reduction ratio of 25% or more is carried out be equal to or higher than the Ar,
transformation temperature. However, if recovery or recrystallization is to be advanced to some extent during the sub-
sequent coiling process or a heat treatment after the coiling process, a temperature below the Ar; transformation tem-
perature is acceptable.

[0073] The present invention does not particularly specify an upper limit of the total reduction ratio in the temperature
range of the Ar; transformation temperature + 100°C or lower. However, when the total reduction ratio exceeds 97.5%,
the rolling load becomes too high and it becomes necessary to increase the rigidity of the mill excessively, resulting in
economical disadvantage. For this reason, the total reduction ratio is, desirably, 97.5% or less.

[0074] Here, when the friction between a hot-rolling roll and a steel sheet is large during hot rolling in the temperature
range of the Ar; transformation temperature + 100°C or lower, crystal orientations mainly composed of {110} develop
at planes near the surfaces of a steel sheet, causing the deterioration of a shape fixation property. As a countermeasure,
lubrication is applied, as occasion demands, for reducing the friction between a hot-rolling roll and a steel sheet.
[0075] The presentinvention does not particularly specify an upper limit of the friction coefficient between a hot-rolling
roll and a steel sheet. However, when it exceeds 0.2, crystal orientations mainly composed of {110} develop conspicu-
ously, deteriorating a shape fixation property. For this reason, it is desirable to control the friction coefficient between a
hot-rolling roll and a steel sheet to 0.2 or less at least at one of the passes of the hot rolling in the temperature range of
the Ar; transformation temperature + 100°C or lower. It is preferable yet to control the friction coefficient between a hot-
rolling roll and a steel sheet to 0.15 or less at all the passes of the hot rolling in the temperature range of the Argy
transformation temperature + 100°C or lower. Here, the friction coefficient between a hot-rolling roll and a steel sheet
is the value calculated from a forward slip ratio, a rolling load, a rolling torque and so on based on the rolling theory.
[0076] According to the present invention it is necessary that the temperature at the final pass (FT) of a finish rolling
be equal to or above the Ar; transformation temperature. This is because, if the rolling temperature falls below the Ars
transformation temperature during hot rolling, a work-induced structure remains in ferrite having precipitated before or
during the rolling, and, as a result, ductility is lowered and workability is deteriorated. However, when a heat treatment
for recovery or recrystallization is to be applied during or after the subsequent coiling process, the temperature at the
final pass (FT) of the finish rolling is allowed to be below the Arj transformation temperature.

[0077] The presentinvention does not particularly specify an upper limit of a finishing temperature, but, if a finishing
temperature exceeds the Arj transformation temperature + 100°C, it becomes substantially impossible to carry out rolling
at a total reduction ratio of 25% or more in the temperature range of the Ary transformation temperature + 100°C or
lower. For this reason, it is desirable that the upper limit of a finishing temperature be the Ar; transformation temperature
+ 100°C or lower.

[0078] In the present invention, it is not necessary to particularly specify the microstructure of a steel sheet for the
purpose of improving a shape fixation property and, thus, no specific limitation is set forth regarding the cooling process
after the completion of finish rolling until the coiling at a prescribed coiling temperature. Nevertheless, a steel sheet is
cooled, as occasion demands; for the purpose of securing a prescribed coiling temperature or controlling a microstructure.
[0079] The present invention does not particularly specify an upper limit of a cooling rate, but, since thermal strain
may cause the warping of a steel sheet, it is desirable to control the cooling rate to 300°C/sec. or less. In addition, when
a cooling rate is too high, it becomes impossible to accurately control the cooling end temperature and an over-cooling
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may happen as a result of overshooting to a temperature below a prescribed coiling temperature. For this reason, the
cooling rate here is, desirably, 150°C/sec. or less. No lower limit of the cooling rate is set forth specifically, either. For
reference, the cooling rate in the case where a steel sheet is left to cool naturally in room temperature without any
intentional cooling is 5°C/sec. or more.

[0080] In order to obtain a low yield ratio for realizing a better shape fixation property than the once improved shape
fixation property in the present invention, it is necessary that the microstructure of a steel sheet is a compound structure
containing ferrite as the phase accounting for the largest volume percentage and martensite mainly as the second phase.
[0081] To do so, a hot-rolled steel sheet has to be retained for 1 to 20 sec. in the temperature range from the Ar;
transformation temperature to the Ar, transformation temperature (the ferrite-austenite two-phase zone) in the first place
after completing finish rolling. Here, the retention of a hot-rolled steel sheet is carried out for accelerating ferrite trans-
formation in the two-phase zone. If the retention time is less than 1 sec., the ferrite transformation in the two-phase zone
is insufficient, and a sufficient ductility is not obtained, but, if it exceeds 20 sec., pearlite forms and the envisaged
compound structure containing ferrite as the phase accounting for the largest volume percentage and martensite mainly
as the second phase is not obtained.

[0082] In addition, in order to easily accelerate the ferrite transformation, it is desirable that the temperature range in
which a steel sheet is retained for 1 to 20 sec. be from the Ar, transformation temperature to 800°C. Further, in order
not to lower productivity drastically, it is desirable that the retention time, which has been defined earlier as from 1 to 20
sec., be 1 to 10 sec.

[0083] For satisfying all these conditions, it is necessary to reach the temperature range rapidly at a cooling rate of
20°C/sec. or more after completing finish rolling. The upper limit of a cooling rate is not particularly specified, but, in
consideration of the capacity of cooling equipment, a reasonable cooling rate is 300°C/sec. or less. In addition, when a
cooling rate is too high, it becomes impossible to accurately control the cooling end temperature and over-cooling may
happen as a result of overshooting to the Ar, transformation temperature or below. For this reason, the cooling rate here
is, desirably, 150°C/sec. or less.

[0084] Subsequently, a steel sheetis cooled at a cooling rate of 20°C/sec. or more from the above temperature range
to a coiling temperature (CT). At a cooling rate below 20°C/sec., pearlite or bainite forms and a sufficient amount of
martensite is not obtained and, as a result, the envisaged microstructure containing ferrite as the phase accounting for
the largest volume percentage and martensite as the second phase is not obtained. The effects of the present invention
can be enjoyed without bothering to particularly specify an upper limit of the cooling rate down to the coiling temperature
but, for avoiding warping caused by thermal strain, it is preferable to control the cooling rate to 300°C/sec. or less.
[0085] In order to obtain a good ductility, in addition to improving the shape fixation property, in the present invention,
it is necessary that the microstructure of a steel sheet is a compound structure containing retained austenite by 5% to
25% in terms of volume percentage and having the balance mainly consisting of ferrite and bainite. To do so, a hot-
rolled steel sheet has to be retained for 1 to 20 sec. in the temperature range from the Ar; transformation temperature
to the Ar, transformation temperature (the ferrite-austenite two-phase zone) in the first place after completing finish
rolling. Here, the retention of a hot-rolled steel sheet is carried out for accelerating ferrite transformation in the two-phase
zone. Ifthe retention time is less than 1 sec., the ferrite transformation in the two-phase zone is insufficient and a sufficient
ductility is not obtained, but, if it exceeds 20 sec., pearlite forms and the envisaged microstructure containing retained
austenite by 5% to 25% in terms of volume percentage and having the balance mainly consisting of ferrite and bainite
is not obtained. In addition, in order to easily accelerate the ferrite transformation, it is desirable that the temperature
range in which a steel sheet is retained for 1 to 20 sec. be from the Ar, transformation temperature to 800°C. Further,
in order not to lower productivity drastically, it is desirable that the retention time, which has been defined earlier as from
1 to 20 sec., be 1to 10 sec.

[0086] For satisfying all these conditions, it is necessary to reach said temperature range rapidly at a cooling rate of
20°C/sec. or more after completing finish rolling. The upper limit of a cooling rate is not particularly specified, but, in
consideration of the capacity of cooling equipment, a reasonable cooling rate is 300°C/sec. or less. In addition, when a
cooling rate is too high, it becomes impossible to accurately control the cooling end temperature and over-cooling may
happen as a result of overshooting to the Ar, transformation temperature or below. For this reason, the cooling rate here
is, desirably, 150°C/sec. or less.

[0087] Subsequently, a steel sheet is cooled at a cooling rate of 20°C/sec. or more from the above temperature range
to a coiling temperature (CT). At a cooling rate below 20°C/sec., pearlite or bainite containing carbides forms and a
sufficient amount of retained austenite is not obtained and, as a result, the envisaged microstructure containing retained
austenite by 5% to 25% in terms of volume percentage and having the balance mainly consisting of ferrite and bainite
is not obtained. The effects of the present invention can be enjoyed without bothering to particularly specify an upper
limit of the cooling rate down to the coiling temperature but, for avoiding warping caused by thermal strain, it is preferable
to control the cooling rate to 300°C/sec. or less.

[0088] In order to obtain a good burring workability, in addition to improving a shape fixation property, in the present
invention, it is necessary that the microstructure is a compound structure containing bainite or ferrite and bainite as the
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phase accounting for the largest volume percentage. To do so, the present invention does not particularly specify the
process conditions after the completion of finish rolling until coiling at a prescribed coiling temperature, except for the
cooling rate applied during the process. However, in case where a steel sheet is required to have both a good burring
workability and a high ductility without sacrificing the burring workability too much, it is acceptable to retain a hot-rolled
steel sheet for 1 to 20 sec. in the temperature range from the Ar; transformation temperature to the Ar, transformation
temperature (the ferrite-austenite two-phase zone).

[0089] Here, the retention of a hot-rolled steel sheet is carried out for accelerating ferrite transformation in the two-
phase zone. If the retention time is less than 1 sec., the ferrite transformation in the two-phase zone is insufficient, and
a sufficient ductility is not obtained, but, if it exceeds 20 sec., pearlite forms and the envisaged microstructure of a
compound structure containing bainite or ferrite and bainite as the phase accounting for the largest volume percentage
is not obtained. In addition, in order to easily accelerate the ferrite transformation, it is desirable that the temperature
range in which a steel sheet is retained for 1 to 20 sec. be from the Ar, transformation temperature to 800°C. Further,
in order not to lower productivity drastically, it is desirable that the retention time, which has been defined earlier as from
1 to 20 sec., be 1 to 10 sec.

[0090] For satisfying all these conditions, it is necessary to reach said temperature range rapidly at a cooling rate of
20°C/sec. or more after completing the finish rolling. The upper limit of a cooling rate is not particularly specified, but, in
consideration of the capacity of cooling equipment, a reasonable cooling rate is 300°C/sec. or less. In addition, when a
cooling rate is too high, it becomes impossible to accurately control the cooling end temperature and over-cooling may
happen as aresult of overshooting to the Ar, transformation temperature or below, losing the effect of improving ductility.
For this reason, the cooling rate here is, desirably, 150°C/sec. or less.

[0091] Subsequently, a steel sheet is cooled at a cooling rate of 20°C/sec. or more from the above temperature range
to a coiling temperature (CT). At a cooling rate below 20°C/sec., pearlite or bainite containing carbides forms and the
envisaged microstructure of a compound structure containing bainite or ferrite and bainite as the phase accounting for
the largest volume percentage is not obtained. The effects of the present invention can be enjoyed without bothering to
particularly specify an upper limit of the cooling rate down to the coiling temperature but, for avoiding warping caused
by thermal strain, it is preferable to control the cooling rate to 300°C/sec. or less.

[0092] The presentinvention does not particularly specify the process conditions after the completion of finish rolling
until coiling at a prescribed coiling temperature (CT). However, in case where a steel sheet is required to have both a
good burring workability and a high ductility without sacrificing the burring workability too much, it is acceptable to retain
a hot-rolled steel sheet for 1 to 20 sec. in the temperature range from the Arjy transformation temperature to the Ar,
transformation temperature (the ferrite-austenite two-phase zone). Here, the retention of a hot-rolled steel sheet is carried
out for accelerating ferrite transformation in the two-phase zone. If the retention time is less than 1 sec., the ferrite
transformation in the two-phase zone is insufficient, and a sufficient ductility is not obtained, but, if it exceeds 20 sec.,
the size of precipitates containing Ti and/or Nb becomes coarse and there arises a probability that they do not contribute
to the increase of steel strength caused by precipitation strengthening. In addition, in order to easily accelerate the ferrite
transformation, it is desirable that the temperature range in which a steel sheet is retained for 1 to 20 sec. be from the
Ar, transformation temperature to 860°C. Further, in order not to lower productivity drastically, it is desirable that the
retention time, which has been defined earlier as from 1 to 20 sec., be 1 to 10 sec.

[0093] For satisfying all these conditions, it is necessary to reach the temperature range rapidly at a cooling rate of
20°C/sec. or more after completing finish rolling. The upper limit of a cooling rate is not particularly specified, but, in
consideration of the capacity of cooling equipment, a reasonable cooling rate is 300°C/sec. or less. In addition, when a
cooling rate is too high, it becomes impossible to accurately control the cooling end temperature and over-cooling may
happen as aresult of overshooting to the Ar, transformation temperature or below, losing the effect of improving ductility.
For this reason, the cooling rate here is, desirably, 150°C/sec. or less.

[0094] Subsequently, a steel sheet is cooled from the above temperature range to a prescribed coiling temperature
(CT), butitis not necessary to particularly specify a cooling rate for obtaining the effects of the presentinvention. However,
when a cooling rate is too low, the size of precipitates containing Ti and/or Nb becomes coarse and there arises a
probability that they do not contribute to the enhancement of steel strength caused by precipitation strengthening. For
this reason, it is desirable that the lower limit of the cooling rate be 20°C/sec. or more. The effects of the present invention
can be enjoyed without bothering to particularly specify an upper limit of the cooling rate down to the coiling temperature
but, for avoiding warping caused by thermal strain, it is preferable to control the cooling rate to 300°C/sec. or less.
[0095] In the present invention, it is not necessary to particularly specify the microstructure of a steel sheet for the
purpose of improving a shape fixation property and, thus, the present invention does not particularly specify an upper
limit of a coiling temperature. However, in order to carry over the texture of austenite obtained by a finish rolling at a
total reduction ratio of 25% or more in the temperature range of the Ar; transformation temperature + 100°C or lower,
it is desirable to coil a steel sheet at the coiling temperature TO shown below or lower. Note that it is unnecessary to set
the temperature TO equal to or below the room temperature. The temperature TO is a temperature defined thermody-
namically as a temperature at which austenite and ferrite having the same chemical components as the austenite have
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the same free energy. It can be calculated in a simplified manner by the following equation, taking the influences of
components other than C into consideration:

-P0 = -650.4 X %C + B,

where, B is determined as follows:

B = -50.6 x Mneq + 894.3,

where, Mneq is determined from the mass percentages of the component elements as shown below:

Mneq = $Mn + 0.24 x %Ni + 0.13 x %Si + 0.38 x %Mo +
0.55 x 8Cr + 0.16 x %Cu - 0.50 x SAl - 0.45 x %Co + 0.90
X %V.

[0096] Note that the influences on TO of the mass percentages of the other components specified in the present
invention than those included in the above equation are not significant, and are negligible here.

[0097] Since itis not necessary to particularly specify the microstructure of a steel sheet for the purpose of improving
a shape fixation property, it is not necessary to particularly specify a lower limit of a coiling temperature. However, for
avoiding poor appearance caused by rust when a coil is kept wet with water for a long period of time, it is desirable that
a coiling temperature be 50°C or above.

[0098] In order to obtain a low yield ratio, in addition to improving a shape fixation property, in the present invention,
it is necessary that the microstructure is a compound structure containing ferrite as the phase accounting for the largest
volume percentage and martensite mainly as the second phase. To do so, it is necessary that a coiling temperature be
350°C or less. The reason is because, when a coiling temperature exceeds 350°C, bainite forms and a sufficient amount
of martensite is not obtained and, as a result, the envisaged microstructure containing ferrite as the phase accounting
for the largest volume percentage and martensite as the second phase is not obtained. It is not necessary to particularly
set forth a lower limit of a coiling temperature but, for avoiding poor appearance caused by rust when a coil is kept wet
with water for a long period of time, it is desirable that a coiling temperature be 50°C or above.

[0099] In order to obtain a good ductility, in addition to improving a shape fixation property, in the present invention,
it is necessary that the microstructure is a compound structure containing retained austenite by 5 to 25% in terms of
volume percentage and having the balance mainly consisting of ferrite and bainite. To do so, a coiling temperature must
be restricted to below 450°C. This is because, when a coiling temperature is 450°C or higher, bainite containing carbides
forms and a sufficient amount of retained austenite is not obtained and, as a result, the envisaged microstructure
containing retained austenite by 5 to 25% in terms of volume percentage and having the balance mainly consisting of
ferrite and bainite is not obtained. When a coiling temperature is 350°C or lower, on the other hand, a great amount of
martensite forms and a sufficient amount of retained austenite is not obtained and, as a result, the envisaged micro-
structure containing retained austenite by 5 to 25% in terms of volume percentage and having the balance mainly
consisting of ferrite and bainite is not obtained. For this reason, the coiling temperature is limited to over 350°C.
[0100] Further, while the present invention does not particularly specify a cooling rate to be applied after coiling, when
Cu is added by 1% or more, Cu precipitates after coiling and not only workability is deteriorated but also solute Cu
effective for improving fatigue properties may be lost. For this reason, it is desirable that the cooling rate after coiling be
30°C/sec. or more up to the temperature of 200°C.

[0101] In order to obtain a good burring workability, in addition to improving the shape fixation property, in the present
invention, it is necessary that the microstructure is a compound structure containing bainite or of ferrite and bainite as
the phase accounting for the largest volume percentage. To do so, a coiling temperature has to be restricted to 450°C
or more. This is because, when a coiling temperature is below 450°C, retained austenite or martensite considered
detrimental to burring workability may form in a great amount and, as a consequence, the envisaged microstructure of
a compound structure containing bainite or ferrite and bainite as the phase accounting for the largest volume percentage
is not obtained. Further, while the present invention does not particularly specify a cooling rate to be applied after coiling,
when Cu is added by 1.2% or more, Cu precipitates after coiling and not only workability is deteriorated but also solute
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Cu effective for improving fatigue properties may be lost. For this reason, it is desirable that the cooling rate after coiling
be 30°C/sec. or more up to the temperature of 200°C.

[0102] The present invention does not particularly specify a coiling temperature (CT) for the purpose of obtaining a
steel sheet according to the claims. However, in order to carry over the texture of austenite obtained by a finish rolling
at a total reduction ratio of 25% or more in the temperature range of the Ary transformation temperature + 100°C or
lower, it is desirable to coil a steel sheet at the coiling temperature TO shown below or lower. The temperature TO is a
temperature defined thermodynamically as a temperature at which austenite and ferrite having the same chemical
components as the austenite have the same free energy. It can be calculated in a simplified manner by the following
equation, taking the influences of components other than C into consideration:

TO = -650.4 x %C + B,

where, B is determined as follows:

B = -50.6 x Mneq + 894.3,

where, Mneq is determined from the mass percentages of the component elements as shown below:

Mneq = %Mn + 0.24 x %Ni + 0.13 x $Si + 0.38 x %Mo +
0.55 x 3Cr + 0.16 %X 2Cu - 0.50 x $Al - 0.45 x %Co + 0.90

X %V.

[0103] Note that the influences on TO of the mass percentages of the other components specified in the present
invention than those included in the above equation are not significant, and are negligible here.

[0104] As for the lower limit of a coiling temperature (CT), on the other hand, it is desirable to coil a steel sheet at a
temperature above 350°C, because, at 350°C or below, the precipitates containing Ti and/or Nb do not form in a sufficient
amount and solute C remains in the steel, probably deteriorating workability. Further, while the present invention does
not particularly specify a cooling rate to be applied after coiling, when Cu is added by 1% or more and if the coiling
temperature (CT) exceeds 450°C, Cu precipitates after coiling, and not only workability is deteriorated but also solute
Cu effective for improving fatigue properties may be lost. For this reason, when a coiling temperature (CT) exceeds
450°C, it is desirable that the cooling rate after coiling be 30°C/sec. or more up to the temperature of 200°C.

[0105] After completing a hot rolling process, a steel sheet may undergo pickling, as occasion demands, and then
skin pass rolling at a reduction ratio of 10% or less or cold rolling at a reduction ratio up to 40% or so, either in-line or
off-line. However, in this case, in order to obtain the effect to reduce a friction coefficient by applying a composition
having a lubricating effect, it is necessary to control the reduction ratio of the skin pass rolling so that the arithmetic
average of roughness Ra of at least one of the surfaces of a steel sheet becomes 1 to 3.5 um after the skin pass rolling.
[0106] Next, in the case where a cold-rolled steel sheet is used as a final product, the present invention does not
particularly specify the conditions of finish hot rolling. However, for obtaining a better shape fixation property, it is desirable
to apply a total reduction ratio of 25% or more in the temperature range of the Arj transformation temperature + 100°C
or lower. Further, while it is acceptable that the temperature at the final pass (FT) of a finish rolling be below the Ary
transformation temperature, in such a case, since an intensively work-induced structure remains in ferrite having pre-
cipitated before or during the rolling, it is desirable that the work-induced structure be recovered and recrystallized by a
subsequent coiling process or heat treatment.

[0107] The total reduction ratio at a cold rolling subsequent to pickling is set at less than 80%. This is because, when
the total reduction ratio at a cold rolling is 80% or more, the ratio of integrated X-ray diffraction strength in {111} and
{554} crystal planes parallel to the plane of a steel sheet, which constitute a recrystallization texture usually obtained by
cold rolling, tends to be large. A preferable total reduction ratio at a cold rolling is 70% or less. The effects of the present
invention can be enjoyed without particularly specifying a lower limit of a cold reduction ratio, but, for controlling the X-
ray diffraction strengths in the crystal orientation components within appropriate ranges, it is desirable to set the lower
limit of a cold reduction ratio at 3% or more.

[0108] The discussion here is based on the assumption that the heat treatment of a cold-rolled steel sheet is carried
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out in a continuous annealing process.

[0109] Inthefirstplace, a steel sheetis heat-treated for 5 to 150 sec. in the temperature range of the AC5 transformation
temperature + 100°C or lower. If the upper limit of a heat treatment temperature exceeds the Ac, transformation tem-
perature + 100°C, ferrite having formed through recrystallization transforms into austenite, the texture formed by the
growth of austenite grains is randomized, and the texture of ferrite finally obtained is also randomized. For this reason,
the upper limit of a heat treatment temperature is determined to be the Acj transformation temperature + 100.°C or
lower. The Ac, and Acs transformation temperatures mentioned here can be expressed in relation to steel chemical
components using, for example, the expressions according to p. 273 of the Japanese translation of The Physical Met-
allurgy of Steels by W. C. Leslie (published from Maruzen in 1985, translated by Hiroshi Kumai and Tatsuhiko Noda).
It is acceptable if the lower limit of a heat treatment temperature is equal to or above the recovery temperature, because
it is not necessary to particularly specify the microstructure of a steel sheet for the purpose of improving a shape fixation
property. When a heat treatment temperature is below the recovery temperature, however, a work-induced structure is
retained and formability is significantly deteriorated. For this reason, the lower limit of a heat treatment temperature is
determined to be equal to or above the recovery temperature. For obtaining yet better ductility, it is desirable that a heat
treatment temperature be equal to or above the recrystallization temperature of a steel.

[0110] Further, with regard to a retention time in the above temperature range, if the retention time is shorter than 5
sec., it is insufficient for having cementite completely dissolve again, but, if the retention time exceeds 150 sec., the
effect of the heat treatment is saturated and, what is more, productivity is lowered. For this reason, the retention time is
determined to be in the range from 5 to 150 sec.

[0111] In particular, the retention time is determined to be in the range from 5 to 150 sec. too, because, if the retention
time in the temperature range is shorter than 5 sec., it is insufficient for carbonitrides of Ti and Nb to completely dissolve
again, but, if the retention time exceeds 150 sec., the effect of the heat treatment is saturated and, what is more,
productivity is lowered.

[0112] The present invention does not particularly specify the conditions of cooling after a heat treatment. However,
for the purpose of controlling a microstructure, a mere cooling process or the combination of a retention process at a
certain temperature with a cooling process may be employed as occasion demands, as it is mentioned later.

[0113] In order to obtain a low yield ratio, in addition to improving a shape fixation property, in the present invention,
it is necessary that the microstructure is a compound structure containing ferrite as the phase accounting for the largest
volume percentage and martensite mainly as the second phase. To do so, a hot-rolled steel sheet is determined to be
retained for 5 to 150 sec. in the temperature range from the Ac, transformation temperature to the Ac, transformation
temperature + 100°C, as described earlier. In this case, if cementite has precipitated in an as hot-rolled state and if the
temperature is too low even it is within said temperature range, it takes too long a time for the cementite to dissolve
again. When the temperature is too high, on the other hand, the volume percentage of austenite becomes too large and
the concentration of C in the austenite becomes too low, and, as a consequence, the temperature history of the steel is
likely to pass through the transformation nose of bainite or pearlite containing much carbide. For this reason, itis desirable
to heat the steel sheet to a temperature from 780 to 850°C.

[0114] If a cooling rate after the retention is below 20°C/sec., the temperature history of the steel is likely to pass
through the transformation nose of bainite or pearlite containing much carbide, and, for this reason, the cooling rate is
determinedtobe 20°C/sec. ormore. If a cooling end temperature is above 350°C, the envisaged microstructure containing
ferrite as the phase accounting for the largest volume percentage and martensite as the second phase is not obtained.
For this reason, the cooling must be continued down to a temperature of 350°C or lower. The present invention does
not particularly specify a lower limit of a temperature at the end of a cooling process, but, if water cooling or mist cooling
is applied and a coil is kept wet with water for a long period of time, for avoiding poor appearance caused by rust, it is
desirable that a temperature at the end of a cooling process be 50°C or above.

[0115] In order to obtain a good ductility, in addition to improving a shape fixation property, in the present invention,
it is necessary that the microstructure is a compound structure containing retained austenite by 5 to 25% in terms of
volume percentage and having the balance mainly consisting of ferrite and bainite.

[0116] To do so, a steel sheet is determined to be heat-treated for 5 to 150 sec. in a temperature range from the Ac,
transformation temperature to the Ac; transformation temperature + 100°C, as described earlier. In this case, if cementite
has precipitated in an as hot-rolled state and if the temperature is too low even within the temperature range, it takes
too long a time for the cementite to dissolve again. When the temperature is too high, on the other hand, the volume
percentage of austenite becomes too large and the concentration of C in the austenite becomes too low, and, as a
consequence, the temperature history of the steel is likely to pass through the transformation nose of bainite or pearlite
containing much carbide. For this reason, it is desirable to heat the steel sheet to a temperature from 780 to 850°C. If
a cooling rate after the retention is below 20°C/ses., the temperature history of the steel is likely to pass through the
transformation nose of bainite or pearlite containing much much carbide, and, for this reason, the cooling rate is determined
to be 20°C/sec. or more.

[0117] Next, with respect to a process to accelerate bainite transformation and stabilize a required amount of retained

13



10

15

20

25

30

35

40

45

50

55

EP 1 444 374 B9

austenite, if a temperature at the end of cooling is 450°C or higher, the retained austenite is decomposed into bainite
or pearlite containing much carbide, and the envisaged microstructure containing retained austenite by 5 to 25% in terms
of volume percentage and having the balance mainly consisting of ferrite and bainite is not obtained. If a cooling end
temperature is below 350°C, martensite may form in a great amount and a sufficient amount of retained austenite cannot
be secured and, as a result, the envisaged microstructure containing retained austenite by 5 to 25% in terms of volume
percentage and the balance mainly consisting of ferrite and bainite is not obtained. For this reason, the cooling must be
carried out to the temperature range of above 350°C.

[0118] Further, with respect to the retention time in the above temperature range, if the retention time is shorter than
5 sec., bainite transformation for stabilizing retained austenite is insufficient and, as a consequence, the unstable retained
austenite may transform into martensite at the end of the subsequent cooling stage, and, as a result, the envisaged
microstructure containing retained austenite by 5 to 25% in terms of volume percentage and having the balance mainly
consisting of ferrite and bainite is not obtained. If the retention time exceeds 600 sec., on the other hand, bainite
transformation overshoots and a required amount of stable retained austenite is not formed, and, as aresult, the envisaged
microstructure containing retained austenite by 5 to 25% in terms of volume percentage and having the balance mainly
consisting of ferrite and bainite is not obtained. For this reason, the retention time in the temperature range is determined
to be from 5 to 600 sec.

[0119] Finally; if a cooling rate up to the end of cooling is below 5°C/sec., there is a probability that the bainite trans-
formation overshoots during the cooling and a required amount of stable retained austenite is not formed, and, as a
consequence, the envisaged microstructure containing retained austenite by 5 to 25% in terms of volume percentage
and having the balance mainly consisting of ferrite and bainite may not be obtained. Therefore, the cooling rate is
determined to be 5°C/sec. or more. In addition, if a temperature at the end of cooling exceeds 200°C, an aging property
may be deteriorated and, therefore, a cooling end temperature is determined to be 200°C or lower. The present invention
does not particularly specify the lower limit of a temperature at the end of cooling, but, if water cooling or mist cooling is
applied and a coil is kept wet with water for a long period of time, for avoiding poor appearance caused by rust, it is
desirable that a cooling end temperature be 50°C or above.

[0120] Additionally, in order to obtain a good burring workability, in addition to improving a shape fixation property, in
the present invention, it is necessary that the microstructure of a compound structure containing bainite or ferrite and
bainite as the phase accounting for the largest volume percentage is obtained. To do so, the lower limit of the heat
treatment temperature is determined to be the Ac, transformation temperature or higher. If the lower limit of the heat
treatmenttemperature is below the Ac, transformation temperature, the envisaged compound structure containing bainite
or of ferrite and bainite as the phase accounting for the largest volume percentage is not obtained. When it is intended
to obtain both a good burring workability and a high ductility without sacrificing the burring workability too much, the heat
treatment temperature is determined to be in the range from the Ac, transformation temperature to the Ac transformation
temperature (the ferrite-austenite two-phase zone) for the purpose of increasing the volume percentage of ferrite. Further,
in order to obtain a yet better burring workability, it is desirable that the heat treatment temperature is in the range from
the AC4 transformation temperature to the AC5 transformation temperature + 100°C for increasing the volume percentage
of bainite.

[0121] The present invention does not particularly specify the conditions of a cooling process, but, when said heat
treatment temperature is in the range from AC, transformation temperature to AC5 transformation temperature, it is
desirable to cool a steel sheet at a cooling rate of 20°C/sec. or more to the temperature range from over 350°C to not
more than the temperature TO specified herein earlier. Thisis because, if a cooling rate is below 20°C/sec., the temperature
history of the steel is likely to pass through the transformation nose of bainite or pearlite containing much carbide. Further,
when a cooling end temperature is 350°C or lower, martensite, which is considered detrimental to burring properties,
may form in a great amount and, as a result, the envisaged compound structure containing bainite or ferrite and bainite
as the phase accounting for the largest volume percentage is not obtained. For this reason, it is desirable that a cooling
end temperature be above 350°C. In addition, in order to carry over the texture obtained up to the previous process, it
is desirable that the cooling end temperature be TO or lower.

[0122] Finally, if a cooling rate down to the temperature at the end of a cooling process is 20°C/sec. or more, there is
a probability that martensite, which is considered detrimental to burring properties, forms in a great amount during the
coolingand, as aresult, the envisaged compound structure containing bainite or ferrite and bainite as the phase accounting
for the largest volume percentage may not be obtained. Consequently, it is desirable that the cooling rate be below
20°C/sec. Besides, if atemperature at the end of a cooling process exceeds 200°C, aging properties may be deteriorated.
Therefore, it is desirable that the temperature at the end of the cooling process be 200°C or lower. For avoiding poor
appearance caused by rust, if water cooling or mist cooling is applied and a coil is kept wet with water for a long period
of time, it is desirable that the lower limit of a temperature at the end of a cooling process be 50°C or above.

[0123] On the other hand, in the case where said heat treatment temperature is within the range from the AC5 trans-
formation temperature to the AC3 transformation temperature + 100°C, it is desirable to cool a steel sheet at a cooling
rate of 20°C/sec. or more to a temperature of 200°C or below. This is because, if a cooling rate is below 20°C/sec., the
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temperature history of the steel is likely to pass through the transformation nose of bainite or pearlite containing much
carbide. In addition, if a temperature at the end of a cooling process exceeds 200°C, aging properties may be deteriorated.
Therefore, it is desirable that a temperature at the end of a cooling process be 200°C or lower. For avoiding poor
appearance caused by rust, if water cooling or mist cooling is applied and a coil is kept wet with water for a long period
of time, it is desirable that the lower limit of a temperature at the end of a cooling process be 50°C or above.

[0124] In additional, for the purpose of obtaining a steel sheet according to the claims in the present invention, it is
not necessary to particularly specify the conditions of cooling after the heat treatment. However, it is desirable that a
steel sheet is cooled at a cooling rate of 20°C/sec. or more to a temperature range from over 350°C to the temperature
TO specified herein earlier. This is because, if a cooling rate is below 20°C/sec., itis concerned that the size of precipitates
containing Ti and/or Nb becomes coarse and they do not contribute to the increase of strength through precipitation
strengthening. In addition, if a cooling end temperature is 350°C or below, there is a probability that the precipitates
containing Ti and/or Nb do not form in a sufficient amount, and solute C remains in steel, deteriorating workability. For
this reason, it is desirable that a cooling end temperature be above 350°C. Further, if a temperature at the end of a
cooling process is over 200°C, aging properties may be deteriorated and, for this reason, itis desirable that a temperature
at the end of a cooling process be 200°C or lower. If water cooling or mist cooling is applied and a coil is kept wet with
water for a long period of time, for avoiding poor appearance caused by rust, it is desirable that the lower limit of a
temperature at the end of a cooling process be 50°C or above.

[0125] After the above-mentioned processes, a skin pass rolling is applied as occasion demands. Note that, in this
case, in order to obtain the effect to lower a friction coefficient by applying a composition having a lubricating effect, the
reduction ratio of a skin pass rolling has to be so controlled that the arithmetic average of roughness Ra of at least one
of the surfaces of a steel sheetis 1 to 3.5 um after the rolling.

[0126] In orderto apply zinc plating to a hot-rolled steel sheet after pickling or a cold-rolled steel sheet after completing
the above heat treatment for recrystallization, the steel sheet has to be dipped in a zinc plating bath. It may be subjected
to an alloying process as occasion demands.

[0127] Finally, in order to secure a good drawability, a composition having a lubricating effect is applied to a steel
sheet after completing the above-mentioned production processes. The method of the application is not limited specifically
as far as a desired coating thickness is obtained. Electrostatic coating or a method using a roll coater is commonly
employed.

Example 1

[0128] Steels A to L having the chemical components listed in Table 1 were melted and refined in a converter, cast
continuously into slabs, reheated and then rolled through rough rolling and finish rolling into steel sheets 1.2 to 5.5 mm
in thickness, and then coiled. Note that the chemical components in the table are expressed in terms of mass percent.
[0129] Then, Table 2 shows the details of the production conditions. In the table, "SRT" means the slab reheating
temperature, "FT" the finish rolling temperature at the final pass, and "reduction ratio" the total reduction ratio in the
temperature range of the Ar; transformation temperature + 100°C or lower. Note that, in the case where a steel sheet
is cold-rolled after being hot-rolled, the restriction is not necessary to be applied and, therefore, each relevant space of
"reduction ratio" is filled with a horizontal bar, meaning "not applicable." Further, "lubrication" indicates if or not lubrication
is applied in the temperature range of the Arj transformation temperature + 100°C or lower. In the column of "coiling",
O means that a coiling temperature (CT) is TO or lower, and X that a coiling temperature is above TO. Note that, since
it is not necessary to restrict the coiling temperature as one of the production conditions in the case of a cold-rolled steel
sheet, each relevant space is filled with a horizontal bar, meaning "not applicable." Some of the steel sheets underwent
pickling, cold rolling and annealing after hot rolling. The thickness of the cold-rolled steel sheets ranged from 0.7 t0 2.3 mm.
[0130] Also in the table, "cold reduction ratio" means a total cold reduction ratio, and "time" the time of annealing. In
the column of "annealing", O means that the annealing temperature is within the range from the recovery temperature
to the Ar; transformation temperature + 100°C, and X that it is outside the range. Steel L underwent a descaling under
the condition of an impact pressure of 2.7 MPa and a flow rate of 0 . 0 01 1/cm?2 after rough rolling. Further, among the
steels mentioned above, steels G and F-5 underwent zinc plating. Further, after completing the above production proc-
esses, a composition having a lubricating effect was applied using an electrostatic coating apparatus or a roll coater.
[0131] A hot-rolled steel sheet thus prepared was subjected to a tensile test by forming a specimen into a No. 5 test
piece according to JIS Z 2201 and in accordance with the test method specified in JIS Z 2241. The yield strength (cY),
tensile strength (oB) and breaking elongation (E1) are shown in Tables 2-1 and 2-2.

[0132] Then, a test piece 30 mm in diameter was cut out from a position of 1/4 or 3/4 of the width of a steel sheet, the
surfaces were ground up to the three-triangle grade finish (the second finest finish) and, subsequently, strain was
removed by chemical polishing or electrolytic polishing. A test piece thus prepared was subjected to X-ray diffraction
strength measurement in accordance with the method described in pages 274 to 296 of the Japanese translation of
Elements of X-ray Diffraction by B. D. Cullity (published in 1986 from AGNE Gijutsu Center, translated by Gentaro
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Matsumura).

[0133] Here, the average ratio of the X-ray strength in the orientation component group of {100}<011> to {223}<110>
to random X-ray diffraction strength was obtained by obtaining the X-ray diffraction strengths in the principal orientation
components included in the orientation component group, namely {100}<011>, {116}<110>, {114}<110>, {113}<110>,
{112}<110>, {33S}<110> and {223}<110>, from the three-dimensional texture calculated by, either the vector method
based on the pole figure of {110} or the series expansion method using two or more (desirably, three or more) pole
figures out of the pole figures of {110}, {100}, {211} and {310}.

[0134] For example, as the ratio of the X-ray strength in the above crystal orientation components to random X-ray
diffraction strength calculated by the latter method, the strengths of (001)[1-10], (116)[1-10], (114)[1-10], (113)[1-10],
(112)[1-10], (335)[1-10] and (223)[1-10] at a $2 = 45° cross section in a three-dimensional texture can be used without
modification. Note that the average ratio of the X-ray strength in the orientation component group of {100}<011> to
{223}<110> to random X-ray diffraction strength is the arithmetic average ratio in all the above orientation components.
[0135] When itis impossible to obtain the strengths in all these orientation components, the arithmetic average of the
strengths in the orientation components of {100}<011>, {116}<110>, {114}<110>, {112}<110> and {223}<110> may be
used as a substitute.

[0136] In addition to the above, the average ratio of the X-ray strength in three orientation components of {554}<225>,
{111}<112> and {111}<110> to random X-ray diffraction strength can be calculated from the three-dimensional texture
obtained in the same manner as above.

[0137] In Table 2, "strength 1" under "ratios of X-ray strength to random X-ray diffraction strength" means the average
ratio of the X-ray strength in the orientation component group of {100}<011> to {223}<110> to random X-ray diffraction
strength, and "strength 2" the average ratio of the X-ray strength in the above three orientation components of {554}
<225>, {111} <112> and {111}<110> to random X-ray diffraction strength.

[0138] Then, for the purpose of examining the shape fixation property of a steel sheet, a test piece 50 mm in width
and 270 mm in length was cut out from a position of 1/4 or 3/4 of the width of the steel sheet so that the length was in
the rolling direction, and it was subjected to a hat bending test using a punch 78 mm in width having shoulders 5 mm in
radius, and a die having shoulders 5 mm in radius. The shape of the test piece having undergone the bending test was
measured along the width centerline using a three-dimensional shape measuring apparatus. A shape fixation property
was evaluated using the following indicators: dimensional accuracy evaluated by the value obtained by subtracting the
width of the punch from the distance between points ® as shown in Fig. 1; the amount of spring back defined by the
average of the two values at the left and right portions, obtained by subtracting 90° from the angle between the straight
line passing through points @ and @ and the straight line passing through points ® and ®; and the amount of wall
warping defined by the average of the inverse numbers of the curvature between points ® and ® at the left and right
portions.

[0139] It has to be noted here that the amounts of spring back and wall warping vary depending on a blank holding
force (BHF). The tendency of the effects of the present invention does not change even under various BHF conditions,
but, in consideration of the fact that too high BHF cannot be imposed when an actual part is pressed in a production
site, this time, the hat bending test is applied to various steel sheets under the BHF of 29 kN. Based on the dimensional
accuracy and wall warping amount obtained by the bending test, a shape fixation property can be finally judged in terms
of the dimensional accuracy (Ad). Since, as it is well known, dimensional accuracy lowers as the strength of a steel
sheet increases, the value Ad/cB shown in Table 2 is used as an indicator of the shape fixation property.

[0140] An arithmetic average of roughness Ra was measured using a non-contact laser type measuring apparatus
and in accordance with the method specified in JIS B 0601-1994.

[0141] A friction coefficient was defined as the ratio (f/F) of a drawing force (f) to a pressing force (F) in the following
test procedures: as seen in Fig. 2, a steel sheet to be evaluated was placed between two flat plates having a Vickers
hardness of Hv600 or more at the surfaces; a force (F) perpendicular to the surfaces of the subject steel sheet was
imposed so that the contact stress was 1.5 to 2 kgf/mmZ2; and the force (f) required for pulling out the subject steel sheet
from between the flat plates was measured.

[0142] In the last place, an index of drawability of a steel sheet was defined as the quotient (D/d) obtained by dividing
the maximum diameter (D) in which drawing had been successful by the diameter (d) of a cylindrical punch when a steel
sheet was formed into a disk-shape and subjected to drawing work using the cylindrical punch. In this test, steel sheets
were formed into various disk-shapes 300 to 400 mm in diameter, and a cylindrical punch 175 mm in diameter having
a shoulder 10 mm in radius around the bottom face and a die having a shoulder 15 mm in radius were used in the
evaluation of drawability. with regard to a blank holding force, 5 kN was imposed in the case of steels A to D, 100 kN in
the case of steels E, F-1to F-10, G and | to L, and 150 kN in the case of steel H.

[0143] It was understood that all the steel sheets having a friction coefficient within the range of the present invention
showed a higher drawability index (D/d) than a steel sheet having a friction coefficient above the range of the present
invention and the drawability index of any of the former steel sheets was 1.91 or more.

[0144] The examples according to the present invention are 11 steels, namely steels A, E, F-1, F-2, F-7, G, H, |, J, K
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and L. In these examples, obtained are high-strength thin steel sheets drawable and excellent in a shape fixation
property :characterized in that, the steel sheets contain prescribed amounts of components, at least on a plane at the
center of the thickness of any of the steel sheets, the average ratio of the X-ray strength in the orientation component
group of {100}<011> to {223}<110> to random X-ray diffraction strength is 3 or more and the average ratio of the X-ray
strength in three orientation components of {654}<225>, {111)<112> and {111}<110> to random X-ray diffraction strength
is 3.5 or less, the arithmetic average of the roughness Ra of at least one of the surfaces is 1 to 3.5 pum, and the surfaces
of the steel sheet are covered with a composition having a lubricating effect; and further characterized in that at least
one of the friction coefficients in the rolling direction and in the direction perpendicular to the rolling direction at 0 to
200°Cis 0.05to0 0.2. As a consequence, in the evaluations by the methods according to the present invention, the indices
of the shape fixation property of these steels were superior to those of conventional steels.

[0145] All the steels in the tables other than those mentioned above were outside the ranges of the present invention
for the following reasons.

[0146] In steel B, the content of C was outside the range of the present invention and, as a consequence, a sufficient
strength (oB) was not obtained. In steel C, the content of P was outside the range of the present invention and, as a
consequence, good fatigue properties were not obtained. In steel D, the content of S was outside the range of the present
invention and, as a consequence, a sufficient elongation (E1) was not obtained. In steel F-3, since a composition having
alubricating effect was not applied, the envisaged friction coefficient was not obtained and, as a consequence, a sufficient
drawability (D/d) was not obtained.

[0147] In steel F-4, since the arithmetic average of roughness Ra was outside the range specified in claim 1 of the
present invention, the envisaged friction coefficient specified was not obtained and, as a consequence, a sufficient
drawability (D/d) was not obtained. In steel F-5, since the total reduction ratio in the temperature range of the Ary
transformation temperature + 100°C or lower was outside the range of the present invention, the envisaged texture
specified in claim 1 was not obtained and, as a consequence, a sufficient shape fixation property (Ad/cB) was not obtained.
[0148] In steel F-6, since the finish-rolling termination temperature (FT) was outside the range of the present invention
and the coiling temperature was also outside the range specified in the description of the presentinvention, the envisaged
texture specified in claim 1 was not obtained and, as a consequence, a sufficient shape fixation property (Ad/cB) was
not obtained. In steel F-8, since the cold reduction ratio was outside the range of the present invention, the envisaged
texture specified in claim 1 was not obtained and, as a consequence, a sufficient shape fixation property (Ad/cB) was
not obtained. In steel F-9, since the annealing temperature was outside the range of the present invention, the envisaged
texture specified in claim 1 was not obtained and, as a consequence, a sufficient shape fixation property (Ad/cB) was
not obtained. In steel F-10, since the annealing time was outside the range of the present invention, the envisaged
texture specified in claim 1 was not obtained and, as a consequence, a sufficient shape fixation property (Ad/cB) was
not obtained.

Table 1
Steel Chemical composition (in mass %) Remarks
C Si Mn P S Al Others

A 0.041 0.02 | 0.26 | 0.012 | 0.0011 0.033 REM:0.0008 Invented steel

B 0.002 | 0.01 0.11 0.011 0.0070 | 0.044 Ti:0.057 Comparative steel

C 0.022 | 0.02 | 0.22 | 0.300 | 0.0015 | 0.012 Comparative steel

D 0.018 | 0.04 | 0.55 | 0.090 | 0.0400 | 0.033 Comparative steel
Cu:0.48,

E 0.058 | 0.92 | 1.16 | 0.008 | 0.0009 | 0.041 B-0.0002 Invented steel

F 0.081 0.88 | 1.24 | 0.007 | 0.0008 | 0.031 Invented steel

G | 0049 | 091 | 127 | 0006 | 0.0011 | 0.025 | C4078 Invented steel
Ni:0.33
Ti:0.071,

H 0.094 | 1.89 | 1.87 | 0.008 | 0.0007 | 0.024 Nb:0.022 Invented steel

| 0.060 | 1.05 | 1.16 | 0.007 | 0.0008 | 0.033 Mo:0.11 Invented steel

J 0.061 0.91 1.21 0.005 | 0.0011 0.030 V:0.02, Invented steel
Cr:0.08

K 0.055 | 1.21 1.10 | 0.008 | 0.0007 | 0.024 Zr:0.03 Invented steel
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(continued)
Steel Chemical composition (in mass %) Remarks
C Si Mn P S Al Others
L 0.050 | 1.14 | 1.00 | 0.007 | 0.0009 | 0.031 Ca: 0.0005 Invented steel

[0149] Underlined values are outside range of the invented steel.
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Underlined values are outside range of the invented steel.
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[0151] Underlined values are outside range of the invented steel.

[0152] As has been explained in detail, the present invention relates to a high-strength thin steel sheet drawable and
excellent in a shape fixation property and a method of producing the steel sheet. By using the high-strength thin steel
sheet, a good drawability is realized even with a steel sheet having a texture disadvantageous for drawing work, and
both a good shape fixation property and a high drawability can be realized at the same time. For this reason, the present
invention is highly valuable industrially.

Example 2

[0153] Steels A to L having the chemical components listed in Table 3 were melted and refined in a converter, cast
continuously into slabs, reheated at the temperatures shown in Table 4 and then rolled through rough rolling and finish
rolling into steel sheets 1.2 to 5.5 mm in thickness, and then coiled. Note that the chemical components in the table are
expressed in terms of mass percent. As shown in Tables 4-1, 4-2 and 4-3, some of the steels were hot-rolled with
lubrication. Steel L underwent a descaling under the condition of an impact pressure of 2.7 MPa and a flow rate of 0.001
1/cm?2 after rough rolling. Further, some of the steel sheets underwent pickling, cold rolling and heat treatment, as shown
in Table 2, after-the hot rolling process. The thickness of the cold-rolled steel sheets ranged from 0.7 to 2.3 mm. In
addition, among the steels mentioned above, steels G and A-8 underwent zinc plating.

[0154] Table 4 shows the production conditions in detail. In the table, "SRT" means the slab reheating temperature,
"FT" the finish rolling temperature at the final pass, and "reduction ratio" the total reduction ratio in the temperature range
of the Arj transformation temperature + 100°C or lower. Note that, in the case where a steel sheet is cold-rolled after
being hot-rolled, the restriction is not necessary to be applied and, therefore, each relevant space of "reduction ratio" is
filled with a horizontal bar, meaning "not applicable." Further, "lubrication" indicates if or not lubrication is applied in the
temperature range of the Ar, transformation temperature + 100°C or lower. "CT" means the coiling temperature. However,
since it is not necessary to restrict the coiling temperature as one of the production conditions in the case of a cold-rolled
steel sheet, each relevant space is filled with a horizontal bar, meaning "not applicable." Then, "cold reduction ratio"
means the total cold reduction ratio, "ST" the heat treatment temperature, and "time" a heat treatment time.

[0155] After completing the above production processes, a composition having a lubricating effect was applied using
an electrostatic coating apparatus or a roll coater.

[0156] A hot-rolled steel sheet thus prepared was subjected to a tensile test by forming a specimen into a No. 5 test
piece according to JIS Z 2201 and in accordance with the test method specified in JIS Z 2241. The yield strength (cY),
tensile strength (oB) and breaking elongation (E1) are shown in Table 4. In the meantime, burring workability (hole
expansibility) was evaluated following the hole expansion test method according to the Standard of the Japan Iron and
Steel Federation JFS T 1001-1996. Table 4 shows the hole expansion ratio (1).

[0157] An X-ray diffraction strength was measured by the same method as employed in Example 1.

[0158] A shape fixation property was evaluated also in the same manner as employed in Example 1.

[0159] Further, an arithmetic average of roughness Ra was measured also by the same method as employed in
Example 1.

[0160] Likewise, a friction coefficient was measured by the same method as employed in Example 1.

[0161] Finally, a drawability index of a steel sheet was calculated in the same manner as employed in Example 1. A
blank holding force of 10 kN was imposed in the case of steel B, 100 kN in the case of steel J, and 120 kN in the case
of steels A, C, E, F, G, H, | and K.

[0162] It was understood that all the steel sheets having friction coefficients within the range of the present invention
showed a higher drawability index (D/d) than a steel sheet having a friction coefficient above the range of the present
invention and the drawability index of any of the former steel sheets was 1.91 or more.

[0163] The examples according to the present invention are 12 steels, namely steels A-1, A-3, A-4, A-8, A-10, C, E,
G, H, |, J, and L. In these examples, high-strength thin steel sheets drawable and excellent in a shape fixation property
and a burring property are obtained: characterized in that, the steel sheets contain prescribed amounts of components,
at least on a plane at the center of the thickness of any of the steel sheets, the average ratio of the X-ray strength in the
orientation component group of {100}<011> to {223}<110> to random X-ray diffraction strength is 3 or more and the
average ratio of the X-ray strength in three orientation components of {S54}<225>, {111}<112> and {111}<110> to
random X-ray diffraction strength is 3.5 or less, the arithmetic average of roughness Ra of at least one of its surfaces is
1 to 3.5 um, and the surfaces of the steel sheet are covered with a composition having a lubricating effect; and further
characterized in that at least one of the friction coefficients in the rolling direction and in the direction perpendicular to
the rolling direction at 0 to 200°C is 0.05 to 0.2. As a consequence, in the evaluations by the methods according to the
present invention, the indices of the shape fixation property of these steels were superior to those of conventional steels.
[0164] All the steel sheets in the tables other than those mentioned above were outside the ranges of the present
invention for the following reasons.

[0165] In steel A-2, since the finish rolling termination temperature (FT) and the total reduction ratio in the temperature
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range of the Ar; transformation temperature + 100°C or lower were outside their respective ranges of the present
invention, the envisaged texture specified in claim 1 was not obtained and, as a consequence, a sufficient shape fixation
property (Ad/cB) was not obtained. In steel A-5, since a composition having a lubricating effect was not applied, the
envisaged friction coefficient was not obtained and, as a consequence, a sufficient drawability (D/d) was not obtained.
In steel A-6, since the arithmetic average of roughness Ra was outside the range specified in claim 1 of the present
invention, the envisaged friction coefficient was not obtained and, as a consequence, a sufficient drawability (D/d) was
not obtained. In steel A-7, since the heat treatment temperature (ST) was outside the range of the present invention,
the envisaged texture specified in claim 1 was not formed and, as a consequence, a sufficient shape fixation property
(Ad/oB) was not obtained. In steel A-9, since the cold reduction ratio was outside the range of the present invention, the
envisaged texture was not obtained and, as a consequence, a sufficient shape fixation property (Ad/cB) was not obtained.
[0166] In steel B, the content of C was outside the range of the present invention and, as a consequence, a sufficient
strength (oB) was not obtained. In steel G, the content of S was outside the range of the present invention and, as a
consequence, neither a sufficient hole expansion ratio (1) nor a good elongation (E1) was obtained.
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Underlined values are outside the range of the invented steel.
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[0168] Underlined values are outside range of the invented steel.
Table 4-2
Ratios of X-ray strength to random X-ray Surface condition
diffraction strength
Steel | Classification Strength ratio 1 Strength ratio 2 Ra Lubrication Friction
(pm) coating coefficient
A-1 Hot-rolled 6.8 1.9 22 Applied 0.08
A-2 Hot-rolled 1.8 1.7 2.3 Not applied 0.21
A-3 Hot-rolled 71 1.8 2.0 Applied 0.11
A-4 Hot-rolled 7.7 1.3 1.9 Applied 0.07
A-5 Hot-rolled 7.8 14 1.6 Not applied 0.21
A-6 Hot-rolled 7.8 1.3 3.6 Applied 0.22
A-7 Cold-rolled 1.6 2.5 0.5 Not applied 0.19
A-8 Cold-rolled 5.1 22 0.6 Applied 0.07
A-9 Cold-rolled 2.7 4.3 0.5 Applied 0.07
A-10 Cold-rolled 46 24 0.5 Applied 0.08
B Hot-rolled 1.2 6.6 2.1 Not applied 0.23
C Hot-rolled 59 2.1 2.3 Applied 0.12
D Hot-rolled 7.2 2.1 2.0 Applied 0.08
E Hot-rolled 8.3 1.5 1.7 Applied 0.12
F Hot-rolled 4.4 22 1.6 Applied 0.09
G Hot-rolled 1.8 4.6 1.6 Not applied 0.21
H Hot-rolled 11.0 1.6 1.9 Applied 0.08
| Hot-rolled 6.7 2.0 1.3 Applied 0.09
[0169] Underlined values are outside range of the invented steel.
Table 4-3
Mechanical properties Shape Drawability
fixation index
property
index
Steel | Classification oY oB El A (%) Ad/cB* d/D Remarks
(MPa) (MPa) (%) (mm/MPa)

A-1 Hot-rolled 588 779 22 94 42 210 Invented steel
A-2 Hot-rolled 603 811 20 106 68 1.86 Comparative

steel
A-3 Hot-rolled 523 718 19 78 39 1.96 Invented steel
A-4 Hot-rolled 576 791 22 90 40 1.99 Invented steel
A-5 Hot-rolled 567 784 20 87 44 1.79 Comparative

steel
A-6 Hot-rolled 581 795 21 86 42 1.82 Comparative

steel
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(continued)
Mechanical properties Shape Drawability
fixation index
property
index
Steel | Classification oY oB El A (%) Ad/cB* d/D Remarks
(MPa) (MPa) (%) (mm/MPa)

A-7 Cold-rolled 733 840 14 35 59 1.90 Comparative

steel
A-8 Cold-rolled 594 800 20 78 45 2.19 Invented steel
A-9 Cold-rolled 586 790 20 76 63 2.01 Comparative

steel
A-10 Cold-rolled 559 810 19 94 44 2.15 Invented steel
B Hot-rolled 293 427 40 138 55 1.88 Comparative

steel
C Hot-rolled 603 796 21 80 38 1.91 Invented steel
D Hot-rolled 580 785 23 106 39 2.20 Invented steel
E Hot-rolled 520 77.5 24 111 42 1.98 Invented steel
F Hot-rolled 603 834 20 76 40 2.03 Invented steel
G Hot-rolled 558 781 18 28 52 1.92 Comparative

steel
H Hot-rolled 480 634 26 134 44 2.14 Invented steel
| Hot-rolled 477 676 25 125 45 2.06 Invented steel
*:x1000

[0170] Ashasbeen explained indetail, the presentinvention relates to a high-strength thin steel drawable and excellent
in a shape fixation property and a method of producing the steel sheet. By using the high-strength thin steel sheet, a
good drawability is realized even with a steel sheet having a texture disadvantageous for drawing work, and both a good
shape fixation property and a high drawability can be realized at the same time. For this reason, the present invention

is highly valuable industrially.

Claims

1. A high-strength thin steel sheet drawable and excellent in a shape fixation property, characterized by containing,

in mass,

C:0.01t00.3%.,
Si: 0.01 to 2%,
Mn: 0.05 to 3%,
P: 0. 1% orless,
S: 0.01% or less,
Al: 0.005 to 1%,

optionally containing one or two of,

Ti: 0.05 to 0.5%,
Nb: 0.01 to 0.5%,

and further optionally containing at least one or more of,
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B : 0.0002 to 0.002%

Cu: 0.2 to 2%,

Ni: 0.1to 1%,

Ca: 0.0005 to 0.002%,

REM:0.0005 to 0.02%,

Mo: 0.05 to 1%,

V:0.02t00.2%,

Cr: 0.01,to 1%,

Zr: 0.02 to 0.2%, optionally one or more selected from Sn, Co, Zn, W and Mg by 1% or less in total and

the balance being Fe and unavoidable impurities, and at least on a plane at the center of the thickness of a steel
sheet, the average ratio of the X-ray strength in the orientation component group of {100} <011> to {223 } <110> to
random X-ray diffraction strength is 3 or more and the average ratio of the X-ray strength in three orientation
components of {654 } <225>, {111 } <112> and {111} <110> to random X-ray diffraction strength is below 2.5, the
arithmetic average of the roughness Ra of at least one of the surfaces of the steel sheet is 1 to 3. 5 um, the surfaces
of the steel sheet are covered with a composition having a lubricating effect, and the lubricated surfaces of the steel
sheet have a friction coefficient at 0 to 200 °C of 0.05 to 0.2.

A high-strength thin steel sheet drawable and excellent in a shape fixation property, according to claim 1, wherein
the steel sheet contains in mass,

C:0.01t00.1%,
N : 0.005% or less,
Ti: 0.05 to 0.5%,

optionally

Nb : 0.01 to 0.5%, and satisfies the expression of;

Ti+(48/93)Nb - 48/12C - 48/14N - 48/32S 20%.

A high-strength thin steel sheet drawable and excellent in a shape fixation property according to claim 1 or 2,
characterized in that the microstructure of the steel sheet is a compound structure containing ferrite as the phase
accounting for the largest volume percentage and martensite mainly as the second phase.

A high-strength thin steel sheet drawable and excellent in a shape fixation property according to claim 1 or 2,
characterized in that the microstructure of the steel sheet is a compound structure containing retained austenite
by 5 to 25% in terms of volume percentage and having the balance mainly consisting of ferrite and bainite.

A high-strength thin steel sheet drawable and excellent in a shape fixation property according to claim 1 or 2,
characterized in that the microstructure of the steel sheet is a compound structure containing bainite, or ferrite
and bainite as the phase accounting for the largest volume percentage.

A high-strength thin steel sheet drawable and excellent in a shape fixation property according to claim 1 or 2,
characterized by having a zinc plating layer between the steel sheet and a composition having a lubricating effect.

A method for producing a high-strength thin steel sheet drawable and excellent in a shape fixation property, according
to claim 1, characterized by in a hot rolling process for obtaining a high strength thin steel sheet having the chemical
components, subjecting a slab having said chemical components to rough rolling and, then, to finish rolling at a total
reduction ratio of 25% or more in terms of steel sheet thickness in the temperature range of the Ars transformation
temperature +100°C or lower with the temperature at the final pass of the finish rolling equal to or above the Ary
transformation temperature; retainig the hot-rolled steel sheet thus produced for 1 to 20 sec in the temperature
range from Ar, transformation temperature to the Ar, transformation temperature, then, cooling it at a cooling rate
of 20°C/sec or more to a coiling temperature and, coiling the hot-rolled steel sheet thus produced, and thereafter,
applying a composition having a lubricating effect to the surfaces of the steel sheet.

30



10

15

20

25

30

35

40

45

50

55

9.

EP 1 444 374 B9

A method for producing a high-strength thin steel sheet drawable and excellentin a shape fixation property according
to claim 7, the method comprising the steps of,

in a hot rolling process for obtaining a high strength thin steel sheet having the chemical components, according to
claim 1, subjecting a slab having said chemical components to rough rolling and, then, to finish rolling at a total
reduction ratio of 25% or more in terms of steel sheet thickness in the temperature range of the Ar; transformation
temperature + 100°C or lower with the temperature at the final pass of the finish rolling equal to or above the Ary
transformation temperature, retaining the hot-rolled steel sheet thus produced for 1 to 20 sec. in the temperature
range from Ar, transformation temperature to the Ar; transformation temperature, then, cooling it at a cooling rate
of 20°C/sec or more, and coiling it at a coiling temperature of 350°C or lower,

and thereafter, applying a composition having a lubricating effect to the surfaces of the steel sheet.

A. method for producing a high-strengh thin steel sheet drawable and excellent in a shape fixation property, according
to claim 7, the method comprising the steps of

in a hot rolling process for obtaining a high strength thin steel sheet having the chemical components according to
claim 1, subjecting a slab having said chemical components to rough rolling and, then, to finish rolling at a total
reduction ratio of 25% or more in terms of steel sheet thickness in the temperature range of the Ars transformation
temperature + 100°C or lower with the temperature at the final pass of the finish rolling equal to or above the Ary
transformation temperature, retaining, the hot-roller steel sheet thus produced for 1 to 20 sec. in the temperature
range from Ar, transformation temperature to the Ar, transformation temperature, then, cooling it at a cooling rate
of 20°C/sec or more, and coiling it at a coiling temperature in the range from over 350°C to below 450°C,

and thereafter, applying a composition having a lubricating effect to the surfaces of the steel sheet.

10. A method for producing a high-strength thin steel, sheet drawable and excellentin a shape fixation property, according

to claim 7, the method comprising the steps of,

in a hot rolling process for obtaining a high strength thin sheet having the chemical components, according to claim
1, subjecting a slab having said chemical components to rough rolling and, then, to finish rolling at a total reduction
ratio of 25% or more in terms of steel sheet thickness in the temperature range of the Ar; transformation temperature
+100°C or lower with the temperature at the final pass of the finish rolling equal to or above the Ar; transformation
temperature, retaining the hot-rolled steel sheet thus produced for 1 to 20 sec. in the temperature range from Ar,
transformation temperature to the Ar, transformation temperature, then, cooling it at a cooling rate of 20°C/sec or
more, and coiling it at a coiling temperature of 450°C or more,

and thereafter, applying a composition having a lubricating effect to the surfaces of the steel sheet.

11. A method for producing a high-strength thin steel sheet drawable and excellentin a shape fixation property according

to any one of claims 7 to 10, characterized by: in a hot rolling process, applying lubrication rolling to the finish
rolling after the rough rolling.

12. A method for producing a high-strength thin steel sheet drawable and excellentin a shape fixation property according

to any one of claims 7 to 11, characterized by: in a hot rolling process, applying descaling after the completion of
the rough rolling.

13. A method for producing a high-strength thin steel sheet drawable and excellentin a shape fixation property according

to claim 1, the method comprising the steps of,

in producing a high-strength thin steel sheet having the chemical components according to claim 1, subjecting a
slab having said chemical components to, sequentially, hot rolling, pickling, cold rolling at a reduction ratio below
80% in terms of steel sheet thickness, and then applying a heat treatment comprising the processes of retaining
the cold-rolled steel sheet for 5 to 150 sec. in the temperature range from the Ac, transformation temperature to
the Ac, transformation temperature + 100°C and then cooling it at a cooling rate of 20°C/sec. or more to the
temperature range of 350°C or lower; and thereafter, applying a composition having a lubricating effect to the
surfaces of the steel sheet.

14. A method for producing a high-strength thin steel sheet drawable and excellentin a shape fixation property according

to claim 1, the method comprising the steps of,
in producing a high-strength thin steel sheet having the chemical components according to claim 1, subjecting a
slab having said chemical components to, sequentially, hot rolling, pickling, cold rolling at a reduction ratio below
80% in terms of steel sheet thickness, and then
applying a heat treatment comprising the processes of retaining the cold-rolled steel sheet for 5 to 150 sec. in the
temperature range from the Ac, transformation temperature to the Ac; transformation temperature + 100°C, cooling
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it at a cooling rate of 20°C/sec. or more to the temperature range from above 350°C to below 450°C, retaining it
again in this temperature range for 5 to 600 sec., and then cooling it again at a cooling rate of 5°C/sec. or more to
the temperature range of 200°C or lower;

and, thereafter, applying a composition having a lubricating effect to the surfaces, of the steel sheet.

A method for producing a high-strength thin steel sheet drawable and excellentin a shape fixation property according
to claim 1, the method comprising the steps of,

in producing a high-strength thin steel sheet having the chemical components according to claim 1, subjecting a
slab having said chemical components to, sequentially, hot rolling, pickling, cold rolling at a reduction ratio below
80% in terms of steel sheet thickness, and then ’ applying a heat treatment comprising the processes of retaining
the cold-rolled steel sheet for 5 to 150 sec. in the temperature range from the Ac, transformation temperature to
the Ac, transformation temperature + 100°C, cooling it, at a cooling rate of 20°C/sec or more to the temperature
range from above 350°C not higher than a temperature TO,

and then cooling it again at a cooling rate of below 20°C/sec to the temperature range of 200°C or lower;

and, thereafter, applying a composition having a lubricating effect to the surfaces of the steel sheet, wherein the
temperature TO is specified by the equation:

T0 = -650.4 X ¥ + B,

where, B is determined as follows:

B = -50.6 x Mneqg + B894.3,

where, Mneq is determined from the mass percentages of the component elements of the steel sheet:

Mneq = §Mn + 0.24 x $Ni + 0.13 x %Si-f'ﬂ.33'x $Mo +
0.55 x 8CF + 0.16 % $Cu - 0.50 X %Al - 0.45 x %Co + 0.90
X &V, o B . .

A method of producing a high-strength thin steel sheet drawable and excellent in a shape fixation property according
to any one of claim 7 to 12, characterized by:

galvanizing the surfaces of the steel sheet by dipping the steel sheet in a zinc plating bath after hot rolling; and,
thereafter, applying a composition having a lubricating effect to the surfaces of the steel sheet.

A method of producing a high-strength thin steel sheet drawable and excellent in a shape fixation property according
to any one of claim 13 to 16, characterized by:

galvanizing the surfaces of the steel sheet by dipping the steel sheet in a zinc plating bath after.the completion
of the heat treatment processes; and, thereafter, applying a composition having a lubricating effect to the
surfaces of the steel sheet.

A method of producing a high-strength thin steel sheet drawable and excellent in a shape fixation property, char-
acterized by: subjecting a steel sheet to an alloying treatment after the galvanizing by dipping the steel sheet in a
zinc plating bath according to claim 16 or 17, and, thereafter, applying a composition having a lubricating effect to
the surfaces of the steel sheet.

Patentanspriiche

1.

Hochfestes Stahldiinnblech mit Ziehbarkeit und ausgezeichneter Formhaltigkeit, dadurch gekennzeichnet, daR
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es massebezogen enthalt:

C: 0,01 bis 0,3 %,

Si: 0,01 bis 2 %,

Mn: 0,05 bis 3 %,

P: hoéchstens 0,1 %,

S: héchstens 0,01 %,

Al: 0,005 bis 1 %,

optional

Ti: 0,05 bis 0,5 % und/oder
Nb: 0,01 bis 0,5 %,

und das ferner optional enthalt:

B: 0,0002 bis 0,002 %,
Cu: 0,2 bis 2 %,

Ni: 0,1 bis 1 %,

Ca: 0,0005 bis 0,002 %,
SEM: 0,0005 bis 0,02 %,
Mo: 0,05 bis 1 %,

V: 0,02 bis 0,2 %,

Cr: 0,01 bis 1 % und/oder
Zr: 0,02 bis 0,2 %,

optional Sn, Co, Zn, W und/oder Mg von insgesamt 1% oder weniger und

wobei der Rest Fe und unvermeidliche Verunreinigungen sind und mindestens auf einer Ebene in Dickenmitte eines
Stahlblechs das mittlere Verhaltnis der Réntgenintensitat in der Orientierungskomponentengruppe {100}<011> bis
{223}<110> zur zufalligen Réntgenbeugungsintensitdt mindestens 3 betragt und das mittlere Verhaltnis der Ront-
genintensitat in drei Orientierungskomponenten {554}<225>, {111}<112> und {111}<110> zur zufalligen Réntgen-
beugungsintensitat weniger als 2,5 betragt, der arithmetische Mittenrauhwert Ra mindestens einer der Oberflachen
des Stahlblechs 1 bis 3,5 um betragt, die Oberflachen des Stahlblechs mit einer Zusammensetzung mit Schmier-
wirkung bedeckt sind und die geschmierten Oberflachen des Stahlblechs einen Reibungskoeffizienten bei 0 bis 200
°C von 0,05 bis 0,2 haben.

Hochfestes Stahldiinnblech mit Ziehbarkeit und ausgezeichneter Formhaltigkeit nach Anspruch 1, wobei das Stahl-
blech massebezogen enthalt:

C: 0,01 bis 0,1 %,

N: héchstens 0,005 %,

Ti: 0,05 bis 0,5 %

optional

Nb: 0,01 bis 0,5 % und den folgenden Ausdruck erflllt:

.Ti + (48/93) Nb - 48/12 C - 48/14 N - 48/32 S
2 0 %.
Hochfestes Stahldinnblech mit Ziehbarkeit und ausgezeichneter Formhaltigkeit nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daB die Mikrostruktur des Stahlblechs eine Verbundstruktur ist, die Ferrit als Phase mit dem
gréRten Volumenprozentsatz und Martensit hauptsachlich als zweite Phase enthalt.
Hochfestes Stahldinnblech mit Ziehbarkeit und ausgezeichneter Formhaltigkeit nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daB die Mikrostruktur des Stahlblechs eine Verbundstruktur ist, die Restaustenit mit 5 bis 25 Vol.-

% enthalt und in der der Rest hauptsachlich aus Ferrit und Bainit besteht.

Hochfestes Stahldinnblech mit Ziehbarkeit und ausgezeichneter Formhaltigkeit nach Anspruch 1 oder 2, dadurch
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gekennzeichnet, daB die Mikrostruktur des Stahlblechs eine Verbundstruktur ist, die Bainit oder Ferrit und Bainit
als Phase mit dem gréten Volumenprozentsatz enthalt.

Hochfestes Stahldinnblech mit Ziehbarkeit und ausgezeichneter Formhaltigkeit nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daB es eine Zinkplattierungsschicht zwischen dem Stahlblech und einer Zusammensetzung mit
Schmierwirkung hat.

Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit
nach Anspruch 1, gekennzeichnet durch: in einem Warmwalzverfahren zum Erhalten eines hochfesten Stahldiinn-
blechs mit den chemischen Komponenten erfolgendes Vorwalzen einer Bramme mit den chemischen Komponenten
und anschlieRendes Fertigwalzen mit einem stahlblechdickenbezogenen Gesamtabnahmeverhéltnis von mindes-
tens 25 % im Temperaturbereich von héchstens der Ars-Umwandlungstemperatur + 100 °C, wobei die Temperatur
am letzten Durchgang des Fertigwalzens gleich oder héher als die Arg-Umwandlungstemperatur ist; 1- bis 20-
sekiindiges Halten des so hergestellten warmgewalzten Stahlblechs im Temperaturbereich von der Ar,-Umwand-
lungstemperatur bis zur Ars-Umwandlungstemperatur, gefolgt von Abkuhlen mit einer Abkiihlungsgeschwindigkeit
von mindestens 20 °C/s auf eine Wickeltemperatur; und Wickeln des so hergestellten warmgewalzten Stahlblechs
und anschlieBendes Auftragen einer Zusammensetzung mit Schmierwirkung auf die Oberflachen des Stahlblechs.

Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit
nach Anspruch 7, wobei das Verfahren die folgenden Schritte aufweist:

in einem Warmwalzverfahren zum Erhalten eines hochfesten Stahldiinnblechs mit den chemischen Kompo-
nenten nach Anspruch 1 erfolgendes Vorwalzen einer Bramme mit den chemischen Komponenten und an-
schlielRendes Fertigwalzen mit einem stahlblechdickenbezogenen Gesamtabnahmeverhaltnis von mindestens
25 % im Temperaturbereich von héchstens der Arz-Umwandlungstemperatur + 100 °C, wobei die Temperatur
am letzten Durchgang des Fertigwalzens gleich oder hoher als die Ary-Umwandlungstemperatur ist; 1- bis 20-
sekiindiges Halten des so hergestellten warmgewalzten Stahlblechs im Temperaturbereich von der Ary-Um-
wandlungstemperatur bis zur Arz-Umwandlungstemperatur, gefolgt von Abkihlen mit einer Abklhlungsge-
schwindigkeit von mindestens 20 °C/s und Wickeln mit einer Wickeltemperatur von héchstens 350 °C,

und anschlieBendes Auftragen einer Zusammensetzung mit Schmierwirkung auf die Oberflachen des Stahl-
blechs.

9. Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit

nach Anspruch 7, wobei das Verfahren die folgenden Schritte aufweist:

in einem Warmwalzverfahren zum Erhalten eines hochfesten Stahldiinnblechs mit den chemischen Kompo-
nenten nach Anspruch 1 erfolgendes Vorwalzen einer Bramme mit den chemischen Komponenten und an-
schlielRendes Fertigwalzen mit einem stahlblechdickenbezogenen Gesamtabnahmeverhaltnis von mindestens
25 % im Temperaturbereich von héchstens der Arz-Umwandlungstemperatur + 100 °C, wobei die Temperatur
am letzten Durchgang des Fertigwalzens gleich oder hoher als die Ars-Umwandlungstemperatur ist; 1- bis 20-
sekindiges Halten des so hergestellten warmgewalzten Stahlblechs im Temperaturbereich von der Ar;-Um-
wandlungstemperatur bis zur Ars-Umwandlungstemperatur, gefolgt von Abkuhlen mit einer Abkuhlungsge-
schwindigkeit von mindestens 20 °C/s und Wickeln mit einer Wickeltemperatur im Bereich von tber 350 °C bis
unter 450 °C,

und anschlieBendes Auftragen einer Zusammensetzung mit Schmierwirkung auf die Oberflachen des Stahl-
blechs.

10. Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit

nach Anspruch 7, wobei das Verfahren die folgenden Schritte aufweist:

in einem Warmwalzverfahren zum Erhalten eines hochfesten Stahldiinnblechs mit den chemischen Kompo-
nenten nach Anspruch 1 erfolgendes Vorwalzen einer Bramme mit den chemischen Komponenten und an-
schlielRendes Fertigwalzen mit einem stahlblechdickenbezogenen Gesamtabnahmeverhaltnis von mindestens
25 % im Temperaturbereich von héchstens der Ars-Umwandlungstemperatur + 100 °C, wobei die Temperatur
am letzten Durchgang des Fertigwalzens gleich oder hoher als die Ars-Umwandlungstemperatur ist; 1- bis 20-
sekiindiges Halten des so hergestellten warmgewalzten Stahlblechs im Temperaturbereich von der Ary-Um-
wandlungstemperatur bis zur Arz-Umwandlungstemperatur, gefolgt von Abkihlen mit einer Abkuhlungsge-
schwindigkeit von mindestens 20 °C/s und Wickeln mit einer Wickeltemperatur von mindestens 450 °C,
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und anschlieBendes Auftragen einer Zusammensetzung mit Schmierwirkung auf die Oberflachen des Stahl-
blechs.

11. Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit

12.

13.

nach einem der Anspriiche 7 bis 10, gekennzeichnet durch: in einem Warmwalzverfahren erfolgendes Anwenden
von Schmierungswalzen auf das Fertigwalzen nach dem Vorwalzen.

Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit
nach einem der Anspriiche 7 bis 11, gekennzeichnet durch: in einem Warmwalzverfahren erfolgendes Anwenden
von Entzundern nach Abschluf? des Vorwalzens.

Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit
nach Anspruch 1, wobei das Verfahren die folgenden Schritte aufweist:

beim Herstellen eines hochfesten Stahldiinnblechs mit den chemischen Komponenten nach Anspruch 1 nach-
einander erfolgendes Warmwalzen einer Bramme mit den chemischen Komponenten, Beizen, Kaltwalzen mit
einem stahlblechdickenbezogenen Abnahmeverhaltnis unter 80 % und anschliefendes Anwenden einer War-
mebehandlung mit den Verfahren des 5- bis 150-seklindigen Haltens des kaltgewalzten Stahlblechs im Tem-
peraturbereich von der Ac,-Umwandlungstemperatur bis zur Acs-Umwandlungstemperatur + 100 °C, gefolgt
von Abkuhlen mit einer Abkiihlungsgeschwindigkeit von mindestens 20 °C/s auf den Temperaturbereich von
héchstens 350 °C; und anschlieRendes Auftragen einer Zusammensetzung mit Schmierwirkung auf die Ober-
flachen des Stahlblechs.

14. Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit

nach Anspruch 1, wobei das Verfahren die folgenden Schritte aufweist:

beim Herstellen eines hochfesten Stahldiinnblechs mit den chemischen Komponenten nach Anspruch 1 nach-
einander erfolgendes Warmwalzen einer Bramme mit den chemischen Komponenten, Beizen, Kaltwalzen mit
einem stahlblechdickenbezogenen Abnahmeverhaltnis unter 80 % und anschliefendes Anwenden einer War-
mebehandlung mit den Verfahren: 5- bis 150-sekiindiges Halten des kaltgewalzten Stahlblechs im Tempera-
turbereich von der Ac,-Umwandlungstemperatur bis zur Acs-Umwandlungstemperatur + 100 °C, Abkihlen mit
einer Abkihlungsgeschwindigkeit von mindestens 20 °C/s auf den Temperaturbereich von Uber 350 °C bis
unter 450 °C, erneutes 5- bis 600-sekiindiges Halten in diesem Temperaturbereich, gefolgt von erneutem
Abkiihlen mit einer Abkuihlungsgeschwindigkeit von mindestens 5 °C/s auf den Temperaturbereich von hochs-
tens 200 °C;

und anschlieBendes Auftragen einer Zusammensetzung mit Schmierwirkung auf die Oberflachen des Stahl-
blechs.

15. Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit

nach Anspruch 1, wobei das Verfahren die folgenden Schritte aufweist:

beim Herstellen eines hochfesten Stahldiinnblechs mit den chemischen Komponenten nach Anspruch 1 nach-
einander erfolgendes Warmwalzen einer Bramme mit den chemischen Komponenten, Beizen, Kaltwalzen mit
einem stahlblechdickenbezogenen Abnahmeverhaltnis unter 80 % und anschliefendes Anwenden einer War-
mebehandlung mit den Verfahren: 5- bis 150-sekiindiges Halten des kaltgewalzten Stahlblechs im Tempera-
turbereich von der Ac,-Umwandlungstemperatur bis zur Acs-Umwandlungstemperatur + 100 °C, Abkihlen mit
einer Abkihlungsgeschwindigkeit von mindestens 20 °C/s auf den Temperaturbereich von Uber 350 °C bis
hdéchstens einer Temperatur TO, gefolgt von erneutem Abkiihlen mit einer Abkiihlungsgeschwindigkeit unter
20 °C/s auf den Temperaturbereich von héchstens 200 °C;

und anschlieBendes Auftragen einer Zusammensetzung mit Schmierwirkung auf die Oberflachen des Stahl-
blechs, wobei die Temperatur TO durch folgende Gleichung festgelegt ist:

TO = -650,4 x 3C + B,

wobei B wie folgt bestimmt wird:
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B = -50,6 x Mneqg + 894, 3,

wobei Mneq anhand der Masseprozentsatze der Komponentenelemente des Stahlblechs bestimmt wird:

Mneg = %Mn + 0,24 x %Ni + 0,13 x %Si + 0,38 x %Mo +
0,55 x %Cr + 0,16 x %Cu - 0,50 x %A1 - 0,45 x %Co + 0,90

o

X V.

Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit
nach einem der Anspriiche 7 bis 12, gekennzeichnet durch: Galvanisieren der Oberflachen des Stahlblechs durch
Tauchen des Stahlblechs in ein Zinkplattierungsbad nach Warmwalzen; und anschlieRendes Auftragen einer Zu-
sammensetzung mit Schmierwirkung auf die Oberflachen des Stahlblechs.

Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit
nach einem der Anspriiche 13 bis 16, gekennzeichnet durch: Galvanisieren der Oberflaichen des Stahlblechs
durch Tauchen des Stahlblechs in ein Zinkplattierungsbad nach Abschlul der Warmebehandlungsverfahren; und
anschlieRendes Auftragen einer Zusammensetzung mit Schmierwirkung auf die Oberflachen des Stahlblechs.

Verfahren zur Herstellung eines hochfesten Stahldiinnblechs mit Ziehbarkeit und ausgezeichneter Formhaltigkeit,
gekennzeichnet durch: Einwirkenlassen einer Legierungsbehandlung auf ein Stahlblech nach dem Galvanisieren
durch Tauchen des Stahlblechs in ein Zinkplattierungsbad nach Anspruch 16 oder 17 und anschlieBendes Auftragen
einer Zusammensetzung mit Schmierwirkung auf die Oberflachen des Stahlblechs.

Revendications

Tole mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant une excellente propriété
de mémoire de forme, caractérisée en ce qu’elle contient, en masse,

C:0,012a0,3 %,

Si: 0,01 a2 %,

Mn: 0,05 a 3 %,

P : 0,1 % ou moins,

S:0,01 % ou moins,

Al: 0,005 % a1 %,

contenant facultativement un ou deux parmi Ti: 0,05 a 0,5 %,

Nb: 0,012 0,5 %,

et contenant en outre facultativement au moins un ou plusieurs parmi,

B : 0,0002 a 0,002 %,

Cu:0,22a2 %,

Ni:0,1a1 %,

Ca: 0,0005 a 0,002 %,

REM : 0,0005 a 0,02 %,

Mo : 0,052 1 %,

V:0,02a0,2 %,

Cr:0,01a1 %,

Zr: 0,02 a 0,2 % facultativement un ou plusieurs parmi Sn, Co, Zn, W et Mg de, en total, 1% ou moins, et

le reste étant du Fe et des impuretés inévitables, et au moins sur un plan au centre de I'épaisseur d’une tble d’acier,
le rapport moyen de l'intensité des rayons X dans le groupe de composante d’orientation de {100} <011> a {223}
<110> sur l'intensité de diffraction aux rayons X aléatoires vaut 3 ou plus et le rapport moyen de l'intensité des
rayons X dans trois composantes d’orientation de {5654} <225>, {111} <112> et {111} <110> sur lintensité de
diffraction aux rayons X aléatoires est en dessous de 2,5, la moyenne arithmétique de la rugosité Ra d’au moins
I'une des surfaces de la tole d’acier est de 1 a 3,5 um, les surfaces de la tole d’acier sont recouvertes d’'une
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composition ayant un effet lubrifiant, et les surfaces lubrifiées de la téle d’acier ont un coefficient de frottement a 0
a200°Cde0,05a0,2.

Tole mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant une excellente propriété
de mémoire de forme selon la revendication 1, dans laquelle la téle d’acier contient, en masse,

C:0,012a0,1%,

N : 0,005 % ou moins,

Ti:0,05a0,5 %,

facultativement

Nb: 0,01 a 0,5 %, et satisfait a I'expression de

Ti + (48/93)Nb - 48/12C - 48/14N - 48/32S =2 0 %.

Tole mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant une excellente propriété
de mémoire de forme selon la revendication 1 ou 2, caractérisée en ce que la microstructure de la téle d’acier est
une structure composée contenant de la ferrite en tant que phase constituant le plus grand pourcentage en volume
et de la martensite principalement en tant que seconde phase.

Tole mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant une excellente propriété
de mémoire de forme selon la revendication 1 ou 2, caractérisée en ce que la microstructure de la téle d’acier est
une structure composée contenant de I'austénite résiduelle a hauteur de 5 a 25 % en termes de pourcentage en
volume et dont le reste contient principalement de la ferrite et de la bainite.

Tole mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant une excellente propriété
de mémoire de forme selon la revendication 1 ou 2, caractérisée en ce que la microstructure de la téle d’acier est
une structure composée contenant de la bainite, ou de la ferrite et de la bainite, en tant que la phase constituant le
plus grand pourcentage en volume.

Tole mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant une excellente propriété
de mémaoire de forme selon la revendication 1 ou 2, caractérisée en ce qu’elle a une couche de placage de zinc
entre la tole d’acier et une composition ayant un effet lubrifiant.

Procédé de production d’une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon la revendication 1, caractérisé par : dans un procédé de
laminage a chaud destiné a obtenir une t6le mince d’acier de haute résistance mécanique ayant les composants
chimiques, la soumission d’'une ébauche ayant lesdits composants chimiques a un laminage grossier, puis a un
laminage de finition a un rapport total de réduction de 25 % ou plus en termes d’épaisseur de téle d’acier dans la
gamme de température de la température de transformation Ar; +100 °C ou inférieure avec la température de la
passe finale du cylindre finisseur égale ou supérieure a la température de transformation Ar; ; le maintien de la tole
d’acier laminée a chaud ainsi produite pendant 1 a 20 s dans la gamme de température de la température de
transformation Ar a la température de transformation Arj, puis son refroidissement & une vitesse de refroidissement
de 20 °C/s ou plus jusqu’a une température de cintrage, et le cintrage de la téle d’acier laminée a chaud ainsi
produite, et, par la suite, I'application d’'une composition ayant un effet lubrifiant aux surfaces de la téle d’acier.

Procédé de production d’'une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme selon larevendication 7, le procédé comprenant les étapes consistant
a, dans un procédé de laminage a chaud destiné a obtenir une téle mince d’acier de haute résistance mécanique
ayant les composants chimiques selon la revendication 1, soumettre une ébauche ayant lesdits composants chi-
miques a un laminage grossier, puis a un laminage de finition a un rapport total de réduction de 25 % ou plus en
termes d’épaisseur de téle d’acier dans la gamme de température de la température de transformation Ar; +100
°C ou inférieure avec la température de la passe finale du cylindre finisseur égale ou supérieure a la température
de transformation Arjs, retenir la téle d’acier laminée a chaud ainsi produite pendant 1 & 20 s dans la gamme de
température de la température de transformation Ary, a la température de transformation Arj, puis, la refroidir a une
vitesse de refroidissement de 20 °C/s ou plus, et la cintrer a une température de cintrage de 350 °C ou inférieure,
et par la suite, appliquer une composition ayant un effet lubrifiant aux surfaces de la t6le d’acier.
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Procédé de production d’une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon la revendication 7, le procédé comprenant les étapes consistant
a, dans un procédé de laminage a chaud destiné a obtenir une t6le mince d’acier de haute résistance mécanique
ayant les composants chimiques selon la revendication 1, soumettre une ébauche ayant lesdits composants chi-
miques a un laminage grossier, puis a un laminage de finition a un rapport total de réduction de 25 % ou plus en
termes d’épaisseur de téle d’acier dans la gamme de température de la température de transformation Ar; +100
°C ou inférieure avec la température de la passe finale du cylindre finisseur égale ou supérieure a la température
de transformation Ars, maintenir la tole d’acier laminée a chaud ainsi produite pendant 1 & 20 s dans la gamme de
température de la température de transformation Ar, & la température de transformation Ars, puis, la refroidir a une
vitesse de refroidissement de 20 °C/s ou plus, et la cintrer a une température de cintrage dans la gamme allant de
plus de 350 °C a moins de 450 °C, et par la suite, appliquer une composition ayant un effet lubrifiant aux surfaces
de la téle d’acier.

Procédé de production d’'une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon la revendication 7, le procédé comprenant les étapes consistant
a, dans un procédé de laminage a chaud destiné a obtenir une téle mince d’acier de haute résistance mécanique
ayant les composants chimiques selon la revendication 1, soumettre une ébauche ayant lesdits composants chi-
miques a un laminage grossier, puis a un laminage de finition a un rapport total de réduction de 25% ou plus en
termes d’épaisseur de téle d’acier dans la gamme de température de la température de transformation Ar; +100
°C ou inférieure avec la température de la passe finale du cylindre finisseur égale ou supérieure a la température
de transformation Ars, maintenir la tole d’acier laminée a chaud ainsi produite pendant 1 & 20 s dans la gamme de
température de la température de transformation Ar4 a la température de transformation Ars, puis la refroidir a une
vitesse de refroidissement de 20 °C/s ou plus, et la cintrer a une température de cintrage de 450 °C ou plus, et par
la suite, appliquer une composition ayant un effet lubrifiant aux surfaces de la téle d’acier.

Procédé de production d’une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon 'une quelconque des revendications 7 a 10, caractérisé par :
dans un procédé de laminage a chaud, I'application d’un laminage sous lubrification au laminage de finition aprés
le laminage grossier.

Procédé de production d’une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon 'une quelconque des revendications 7 a 11, caractérisé par :
dans un procédé de laminage a chaud, I'application d’'un décalaminage apres 'achévement du laminage grossier.

Procédé de production d’une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon la revendication 1, le procédé comprenant les étapes consistant
a, dans la production d’'une téle mince d’acier de haute résistance mécanique ayant les composants chimiques
selon la revendication 1, soumettre consécutivement une ébauche ayant lesdits composants chimiques a un lami-
nage a chaud, un décapage, un laminage a froid a un rapport de réduction inférieur a 80 % en termes d’épaisseur
de tole d’acier, puis appliquer un traitement a la chaleur comprenant les procédés consistant a maintenir la téle
d’acier laminée a froid pendant 5 & 150 s dans la gamme de température de la température de transformation AC,
a la température de transformation AC5 +100 °C, puis a la refroidir & une vitesse de refroidissement de 20 °C/s ou
plus jusqu’a la gamme de température de 350 °C ou inférieure ; et par la suite, appliquer une composition ayant un
effet lubrifiant aux surfaces de la téle d’acier.

Procédé de production d’'une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon la revendication 1, le procédé comprenant les étapes consistant
a, dans la production d’'une téle mince d’acier de haute résistance mécanique ayant les composants chimiques
selon la revendication 1, soumettre consécutivement une ébauche ayant lesdits composants chimiques a un lami-
nage a chaud, un décapage, un laminage a froid a un rapport de réduction inférieur a 80 % en termes d’épaisseur
de tole d’acier, puis appliquer un traitement a la chaleur comprenant les procédés consistant a maintenir la téle
d’acier laminée a froid pendant 5 & 150 s dans la gamme de température de la température de transformation AC,
a la température de transformation AC5 + 100 °C, a la refroidir & une vitesse de refroidissement de 20 °C/s ou plus
jusqu’a la gamme de température allant de plus de 350 °C a moins de 450 °C, a la maintenir a nouveau dans cette
gamme de température pendant 5 a 600 s, puis a la refroidir a nouveau a une vitesse de refroidissement de 5 °C/s
ou plus jusqu’a la gamme de température de 200 °C ou inférieure ; et, par la suite, appliquer une composition ayant
un effet lubrifiant aux surfaces de la téle d’acier.
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Procédé de production d’une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon la revendication 1, le procédé comprenant les étapes consistant
a, dans la production d’'une téle mince d’acier de haute résistance mécanique ayant les composants chimiques
selon la revendication 1, soumettre consécutivement une ébauche ayant lesdits composants chimiques a un lami-
nage a chaud, un décapage, un laminage a froid a un rapport de réduction inférieur a 80 % en termes d’épaisseur
de tole d’acier, puis appliquer un traitement a la chaleur comprenant les procédés consistant a maintenir la téle
d’acier laminée & froid pendant 5 & 150 s dans la gamme de température de la température de transformation AC,
a la température de transformation AC5 +100 °C, a la refroidir a une vitesse de refroidissement de 20 °C/s ou plus
jusqu’'a la gamme de température allant de plus de 350 °C a pas plus d’une température TO, puis la refroidir a
nouveau a une vitesse de refroidissement en dessous de 20 °C/s jusqu’a la gamme de température de 200 °C ou
inférieure ; et, par la suite, appliquer une composition ayant un effet lubrifiant aux surfaces de la tole d’acier, dans
lequel la température TO est spécifiée par I'’équation

TO = -650,4 x % de C + B,

ou B est déterminé comme suit :

B = -50,6 x Mneqg + 894, 3,

ou Mneq est déterminé a partir des pourcentages en masse des éléments composants de la téle d’acier :

Mneq = % de Mn + 0,24 x % de Ni + 0,13 x % de Si +

o

0,38 x %$ de Mo + 0,55 x $ de Cr + 0,16 x % de Cu -

o

0,50 x $ de A1 - 0,45 x % de Co + 0,90 x % de V.

Procédé de production d’'une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon 'une quelconque des revendications 7 a 12, caractérisé par :
la galvanisation des surfaces de la tle d’acier en immergeant la téle d’acier dans un bain de placage de zinc aprés
laminage a chaud ; et, par la suite, 'application d’'une composition ayant un effet lubrifiant aux surfaces de la tole
d’acier.

Procédé de production d’une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, selon I'une quelconque des revendications 13 a 16, caractérisé
par : la galvanisation des surfaces de la tole d’acier en immergeant la tole d’acier dans un bain de placage de zinc
apres I'achévement des procédés de traitement a la chaleur ; et, par la suite, I'application d’'une composition ayant
un effet lubrifiant aux surfaces de la téle d’acier.

Procédé de production d’une téle mince d’acier de haute résistance mécanique pouvant étre emboutie et présentant
une excellente propriété de mémoire de forme, caractérisé par : la soumission d’'une téle d’acier a un traitement
d’alliage aprés la galvanisation en immergeant la téle d’acier dans un bain de placage de zinc selon la revendication
16 ou 17, et, par la suite, I'application d’'une composition ayant un effet lubrifiant aux surfaces de la tole d’acier.
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Fig.2
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