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Abstract of the Disclosure

The present invention 1s 1ntended to provide a high
strength steel sheet having a strength not lower than 780 MPa
and exhibiting a high vyield ratio, an excellent balance
between the strength and the uniform elongation, and a good
plating property 1n addition to a good balance between the
strength and the stretch flangeability.

The present 1nvention provides a high strength steel,
comprising 0.05 to 0.25 % of C, less than 0.5 %.of Si, 0.5 to

3.0 % of Mn, not more than 0.06 % of P, not more than 0.01 %

\

of S, 0.50 to 3.0 % of Sol. Al, not more than 0.02 % of N,
0.1 to 0.8 % of Mo, 0.02 to 0.40 % of Ti, and the balance of
iron and unaveoldable 1mpurities, wherein the steel has a
structure formed of at least three phases 1ncluding a bainite
prhase, and a retained austenite phase 1n addition to a
ferrite phase having a composite carbide containing Ti and Mo
dispersed and precipitated therein, wherein the total volume
of the ferrite phase and the bainite phase 1is not smaller
than 80%, the volume of the bainite phase is 5% to 60%, and

the volume of the retained austenite phase 1s 3 to 20%.
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Specification

A HIGH STRENGTH STEEL EXCELLENT IN UNIFORM ELONGATION

PROPERTIES AND METHOD OF MANUFACTURING THE SAME

Technical Field
[ 0001]

The present 1nvention relates to a high strength
steel sheet having a strength nct lower than 780 MPa

and excellent 1n the balance between the strength (TS)

cnd the uniform eloncgation (U * EL) and suitable for use

as a raw material of the member to which 1is applied

3\ ¢

some working such as a press forming, & bending process

-

or a stretch flanging process.

Background Art

| 0002]

With enhancement of the attentions paid to the

environmental problem, efforts are being made 1in an
attempt to decrease the weight of the part by
increasing the strength of the part and by decreasing
the thickness of the part. Further, with expansion of
the field to which a high strength steel sheet 1is
applied, the press forming tends to be employed widely

for performing a complex process even 1n the case of
handling a high strength steel sheet, with the result

that regquired 1s a material having a high strength and,
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at the same, excellent 1n the workability.

[ 0003]

Particularly, in the field ¢f the automobile, the
nigh strength steel sheet 1s required to exhibit
various properties 1n addition to the balance between
the strength and the stretch flangeability. To be more
specific, required are (1) a high vyield ratio (YS/TS >
0.7) 1n view c¢f the safety 1n the event of a car crash,
(2) an excellent bazlance between the strength and the
uniform elongation (TS x U-EL > 12,000) in view o0f the
bulging properties, and (3) a good plating capability
in view of the durability of the part (in general, S1 <

0.5 is one of the absolutely reguired conditions).

o\0

Particularly, concerning the uniform elongation, 1i.e.,
reguirement (2) given abcve, an 1improvement 1n the

uniform elongation 1s a very important factor nowadays

because the ductility until the starting o©of the necking
after the vyield point has come to be required 1in
accordance with the complex shaping of the part and <the
shortening of the press forming time, which are
requlired nowadays. However, 1t 1s very difficult Zfor
the conventional technology to satisfy simultaneously
all the reqgquirements (1) to (32) given above.

1 0004]

It was customary 1n the past to wuse a high

strength steel sheet for the manufacture of a

structural part and, thus, the stretch flangeability
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has been evaluated as more 1mportant than the bulglng
properties. Therefcore, many methods have been propocsed
to date for satisfying the requirements ifor both the
high strength and the high stretch flangeebility. for
example, proposed 1n each of patent document 1 and
patent document 2 1dentlfied hereinafter 1s &a steel
sheet exhibiting an excellent hole expanding ratio in
spite c¢f a high stiength nct lower than 700 MPra.
Specificzally, 1t 1s proposed 1in patent document 1 that
TiC or NbC 1s precipitated 1n the acicular Zferrite
structure so as to obtain a steel sheet excellent 1in
the hole expanding reatio. On the other hand, 1t 1is
proposed 1n patent document 2 that, 1n order tc
increase the hole expanding ratio of the steel sheet,
at lea‘st 55% of the structure o0f the steel sheet 1s

formed of a poclygonal ferrite, that TiC 1s precipiltated,

and that Mo 1s dissolved. Patent documents 1 and 2 also

propose the methods of manufacturing the particular
steel sheets. However, where TiC or NbC 1s utilized
for precipitation strengthening as 1n the patent

documents gquoted above, 1t 1s unavoidable for the

precipitate to be enlarged and coarsened, leading to a
lowered strength. It 1s also difficult to secure a
sufficient stretch flangeability because the enlarged

and coarsened precipltates prcvide the starting points

and the propagating route of the cracking.

[ 0003]
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In order to overcome the problems pointed out

abcve, proposed 1in patent document 3 referred to
hereinafter 1s a steel sheet contazining ferrite as a
malin phase and having V carbonitride, which has an
average carbide diameter not larger than 50 nm,
precipitated within the ferrite grains. It 1s taught
that the steel of the particular structure permits
improving the total elongatlon, the hole expanding
ratio and the <fatigue resilstance. - However, the
structure cbtained by this method consists mainly of
ferrite and pezarlite &nd 1s net intended to utilize the
retained zustenite and martensite (It 1s taught that it
1s highly desirable fcr the amount of the second phzse

to be 0%). It 1s noct reasoneble to state <that the

A

steel sheet proposed in patent document L 1S

satisfactory 1n the balance between the strencth and
the uniform elongation. On the other hand, a steel

sheet having a high YS/TS ratio, a good stretch

flanging property, and a satisfactory plating property

and a method of manufacturing the particular steel are

disclosed 1n each of patent document 4, patent document
5, patent document ©, patent document 7, patent
document 8, patent document 9, and patent document 10

referred to hereilnafter. It 1s taught that the steel

sheet exhibiting the excellent properties can be
obtained by the construction that the structure 1s

formed of ferrite and the ferrite structure 1S
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reinforced by superfine precipitates containing Ti and
Mo and having an average preclpiltate dlameter not
larger than 10 nm. The method proposed in these patent
documents 1s highly effective 1n respect of reguirement
(1) referred to previously. However, the particular
method 1s 1ncapable of obtaining not only a ferrite
single phase structure but also a good balance between
the strengtnh and the uniform elongation.
[ 000¢]

Various methods utilizing the retalned austenite

(retained vy ) are proposed as a measure I0r imprcving

the balance between the strength and the uniform
elongation o¢r between the strength and the entire
elongation (EL). For examplie, a steel sheet excellent
in the balance between the strength and the entire
elcngation and a method of manufacturing the particular
steel sheet are discleosed 1n patent document 11
referred to hereln later. It 1s taught that the steel
sheet has a composition containing 0.5 to 20 wt % of Si
and 0.005 to 0.3 wt % of Ti, that the steel sheet
contains ferrite having an average grailn dilameter
smaller than 2.5 pum as a maln component, and that the

steel sheet has a structure containing balnite having

an average graln diliameter not larger than 5 um and at

least 5% of the retained vy . However, since the steel
sheet i1s strengthened mainly 1n this prior art by grain

refinement, it 1s difficult to obtalin the regulirement
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of YS/TS > 0.7. Tt 1s also difficult to obtain the

strength not lower than 780 MPa.
[ 0007]
Disclcsed in each of patent document 12 and patent

document 13 referred to hereinafter are a steel sheet

having a strength not lower than 780 MPa and an
excellent balance between the strength and the entire

elongation and a2 method ¢of manufacturing the particular

steel sheet. It 1s disclosed 1n patent document 12

that the ratlio of the poclygonal ferrite space fac:tor
rate to the average grain dilameter of the polygonal
ferrite is set at 7 or more, and that Si is added in a
large amount so as to obtain the steel sheet noted
z2becve. On the other hand, patent document 13 teaches

that the ferrite in the retained v steel having Si

added thereto 1n an amount of 0.5 wt % or more 1s
reinforced by fine precipitates containing Ti and Mo so
as to obtalin the steel sheet noted above. In each o'f

P
s,

these methods, however, reguired is Si in an amount o:

h—

\O

0.5 wt % or more so as to deteriorate the surface

propertles and to lower the plating capability of the

steel sheet.

[ 0008]

As a measure for obtaining a retained vy steel

wlthout adding a large amount of Si, disclosed in, for

example, patent document 14 referred to hereinafter 1is

a steel sheet excellent 1n the balance between the
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strength and the entire elongation. It 1s taught that
the steel sheet contzins 0.8 to 2.5 wt % of Sol. Al and

that a fine polygonal ferrite containing at least 5% by

volume of retained vy constitutes the maln phase of the
steel sheet. Patent document 14 zlso discloses a
method ¢f manufacturing the particuler steel sheet. 1In
this prior art, a fine pclygonal ferrite 1s used as the
maln prhase of the steel sheet in order to 1improve the
hole expanding ratlio. It should be noted 1in this
connection that the fine polygonal ferrite 1s solid-
soclution-strengthened by Si alocone, o0r 1s precipilitation-
strengthened by TiC or NbC, with the result that the
precipitates are enlarged and coarsened in the re-

heating stage for zapplying a molten zinc plating tc the

surface of the steel sheet so as to give rise to the

difficulty that the crystal grains are enlarged and
coarsened so as to lower the strength and the hole

expanding ratio. In addition, 1n order to obtaln a

fine polygonal ferrite, 1t 1s necessary to heat the

steel sheet between rolls of at least two rear stage
stands of a finish rolling mill 1n a temperature reglion
of Ars-50 C to Ar;+100 C with the total rolling

reduction in this temperature region set at 30% or more

It is possible to supply current directly to the roll

for heating the roll 1n order to heat the steel sheet

between rolls of the finish rolling mill. In this

method, however, specilial facillities are required. In
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such a large power as 1,500 kVA 1is required,

energy saving.

Patent

Patent

Patent

ratent

Patent

Fatent

Patent

Patent

Patent

Fatent

Patent

Patent

Patent

Disclosure of the

| 0009]

The present 1nvention,

view of the situation described above,

document
document
document
aocument
document
document
document
document
document
aocument
aocument
document
document

document

F

further 1improvement

1: JP-A-7-11382

2: JP-A-6-200351

3: JP-A-2004-143518
4: JP-A-2002-322539
5: JGP-A-2002-322540
e: JP-A-2002-322%41
7: JP-A-2002-322543
g8: JP-A-2003-898453
G: JP-A-2003-138343
10: JP-A-2003-1383244
11: JP-A-2000-336435
12: JP-A-4-228538
13: JP-A-2003-321738
14: JP-A-6-264183
Invention

which has

in view of the

been achieved 1n

is 1ntended to

provide a high strength steel sheet having a high

strength not lower than 780 MPa,

the strength and a stretch flangeability,

ratio

strength

(YS/TS

and the

> 0.7),

a good balance between

a high yield

an excellent balance between the

uniform elongation

(TS x U

3

L >
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12,000), and a good plating property (in general, the
condition of Si < 0.5% 1s one ©0f the absclutely
regulred conditions).
| 0010]

The present inventors have conducted an extensive

research on a high tensile steel sheet having a

strength not lower than 780 MPa 1n an attempt to

optimize the components and the structure of the steel

sheet 1in a method of improving the balance between the

strenagth and the uniform elongation while retaining a
high yield ratic and a good plating property, arriving
zt findings (i) to (ii1i1) gilven below:

(1) If a steel sheet has the complex structure
containing the ferrite phase and the balnite phese, and
the ferritic grain 1s precipitation-strengthened by

fine composite carbides containing T1 and Mo or fine

composite carbides containing Ti, Mo and V, 1t 18

possible to obtain a high yield ratio, & good

elongation and a stretch flangeability even 1f the
structure has a high strength not lower than 780 MPa.

(11) It 1s possible to permit an approprilate
amount of the austenite phase to retaln 1n the high
strength steel sheet and to permit the plating property
to be improved, by using Al, not S5Si, and by utililizing
the bainite phase that permits obtaining a high
strength.

(111) The balance between the strength and the
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uniform elongation can be improved by the combination

of findings (1) and (i1i) given above.
[ 0011]

The present invention, which has been achieved on

P

the Dbasis o0f the findings given above, ©provides

inventions (1) to (8) given below:
(1) A high strength steel sheet excellent 1in =&
palance between the strength and the uniform eloncation

characterized 1n that the steel sheet consists of 0.05

to 0.25 % of C, less than 0.5 % of Si, 0.5 to 3.0 & of

Mn, nct mores than 0.060 % c¢f P, not more than 0.01 & of

s

of Scl. Al, not more than 0.02 & of

o\0

S, 0.50 to 3.0

4

0.1 to 0.8 % of Mo, 0.02 to 0.40

O\O

of ™1 by M=

N

S

percentace, and the balance o0of Ffe and inevitable

impuritles, the steel sheet has a structure formed of

at least three phases including a bainite phase, and a

retained austenite phase 1in addition to a ferrite phase

having a composite carbide containing Ti and Mo

preclpitated therein in a dispersion state, wherein the

total volume of the ferrite phase and the bainite phase

g

1s not smaller than 80%, the volume of the bainite

phase 1s 5% to 60%, and the volume of the retained
austenite phase 1s 3 to 20%.
(2) A high strength steel sheet excellent in a

palance between the strength and the uniform elocngation
characterlzed 1n that the steel sheet consists of 0.05

to 0.25 % of C, less than 0.5 % of Si, 0.5 to 3.0 % of
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o\

Mn, not more than 0.06 % of P, not more than 0.01 of

S, 0.50 to 3.0 &% of Scl. Al, not more than 0.02 % ¢ N,
0.1 to 0.8 % of Mo, 0.02 to 0.40 % of Ti by mass
percentage, 0.05 to 0.50 % of V, and the balance of Fe
and 1inevitable 1impurities, the steel sheet has a
structure formed of at least three phases including a
bainite phase, and a retained austenite phase 1n
addition to a ferrite phase having a compcsite carbide
containing Ti, Mo and V precipitated therein 1n a
dispersion state, wherein the total volume of the
ferrite phase and the bailnite phase i1s not smaller than
80%, the volume cf the bainite phase 1s 5% to ©60%, and

the volume of the retained austenlite phase 1s 3 to Z20%.

(2) The high strength steel sheet excellent 1n a

belance between the strength and the uniform elcongation
according to (1) or (2), characterized 1in that the
composite carbide containing Ti and Mo or the composite
carbide containing Ti, Mo and V, which 1s present 1n
the ferrite phase, has an average carbilide diameter not

larger than 30 nm.

(4) The high strength steel sheet excellent 1in a
balance between the strength and the uniform elcngation
according to any one of (1) to (3), characterized 1n
that the steel sheet has a zinc-based plated coating on
the surface.

(5) A method of manufacturing a high strength

steel sheet excellent in a balance between the strengtn
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and the uniform elongetion, characterized by comprising

steps of hot reclling a steel sheet consisting of 0.05

-

te 0.25 % of C, less than 0.5 % of S1, 0.5 to 3.0 % o
Mn, not more than 0.06 % of P, not more than 0.01 % of
S, 0.50 to 3.0 % of Sol. Al, not more than 0.02 % of N,
0.1 to 0.8 % of Mo, 0.02 to 0.40 % of Ti by mass
percentage, and the balance o©f 1ron and inevitable
impurities coiling the hot rolled steel sheet 1n the
temperature range ot 350C to 580°TC.

() A method of menufacturing a high strength
steel sheet excellent 1n a balance between the strencth

and the uniform elongation, characterized by comprising

the steps of hot rolling a steel sheet comprisinc 0.05

71}

to 0.25 % of C, less than 0.5 % of Si, 0.5 to 3.0 % of

Mn, nct more than 0.06 % of P, nct mcre than 0.01 % of

S, 0.50 to 2.0 % of Scl. Al, not more than 0.02 % of N,

0.1 to 0.8 % of Mo, 0.02 to 0.40 % of Ti by mass

percentage, and the balance o0of 1ron and 1inevitable
impurities, cooling the hot rolled steel sheet to a
coiling temperature at an average cooling rate of 30C
/s to 150C /s, and coiling the cooled steel sheet in
the temperature range of 350C to 580C.

(7) A method o©of manufacturing a high strength

steel sheet excellent 1n a balance between the strength

and the uniform elongation, characterized by comprising

P

the steps of hot rolling a steel sheet comprising 0.05

\

to 0.25 % of C, less than 0.5 % of Si, 0.5 to 3.0 % of
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Mn, not mcre than 0.06 % of P, not more than 0.01 & of

S, 0.50 to 3.0 % of Sol. Al, not more than 0.02 % of N,

0.1 to 0.8 % of Mo, 0.02 to 0.40 % of Ti, and the

balance of 1ron and 1inevitable 1mpurities, cooling the
hot rolled steel sheet to temperatures of 600C to 750°C
2t an average cooling rate not lower than 30 C /s,
subjecting the steel sheet to the air cooling for 1 to
10 seconds within the temperature range noted above,
cooling the steel sheet to a cciling temperature at an
average cooling rate not lower than 10C/s, and coiling
the cooled steel sheet in the temperature range of
350C to 58CTC.

(3) The method of manuiacturing a high strength

steel sheet excellent 1n a balance between the strength
and the uniform elongation according to any one of (5)
to (7), characterized 1n that the steel sheet zIurther

containing 0.05 to 0.50 % of V by mass percentage.

(9) The method of manufacturing a high strength
steel sheet excellent 1n a balance pbetween the strength
and the uniform elongation according to any one of (5)
to (8), characterized by further comprising the step of
applying a zinc-based plating to the surface of the

steel sheet.

Best mode of working the invention
[ 0012]

The present 1nvention will now be described more
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in deteil 1in respect o©0f the metal structure, the

chemical components and the manufacturing conditions.

[ 0013]
(Metal structure)

The metal structure will now be described first.

The high strength hot rolled steel sheet of the
cresent 1invention has a complex structure 1ncluding
three phases of the ferrite phase, the bainite phase
and the retained azaustenite ©phase. The complex
structure may possibly include the martensite phase.
In the steel sheet o0f the present 1invention, the
ferrite phase 1s strencthened by the composite carbide
containing Ti and Mo, c¢r the compcsite carbide Ti, V
and Mo. The particular construction o©f the complex

structure will now be described.
[ 0014]

The total volume of the ferrite phase and the
bainite phase i1s not smaller than 80% and the volume of
the bainite phase 1s 5% to 60%:

In general, the ferrite phase, which is excellent

1n elongation and stretch flangeability, 13

disadvantagecus for obtaining a high strength. On the
other hand, the bainlite phase is hard and 1is
advantageous for obtalning a high strength. In the

case of a single phase, the bainite phase 1s also

excellent in the stretch flangeability. However, when

it comes to a complex phase structure consisting of the
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balnite phase &and the ferrite phase, cracks are

generated at the 1interface between the scoft ferrite

phase and the hard bainite phase so as to lower

markedly the stretch flangeability. In c¢rder to

prevent the stretch Iflangeability from being lowered,

1t 1s effective to diminish the difference in hardness

between the ferrite phase and the balnite phase. For

diminishing the difference in hardness noted abcve, it

1s necessary for the ferrite phase to be strengthened

by the composite carbide containing Ti and Mo cr the

composite carkide containing Ti, V and Mo. Further,

since the diffusicn o¢f carbon toward the austeni

t
(D

phase ( v -phase) proceeds during the bainite

transformation, the v -phase 1s stabilized, leadinag to
rormation o©f the retained vy -phase. It follows that
the bainlite phase 1s 1indispensable for increasing the
strength and for forming the retained vy -phase. As
described hereinafter, Al promotes the ferrite

formation and the C diffusion in the austenite phase to

promote the formation of the retained austenite phase.

These effects are generated mainly during the

transformation of vy —@ a . In order to obtain =*he
retained <y  phase with a high stability, it 1is
important to utilize further the bainite transformation

so as to promote the diffusion of C toward the vy -phase.
Such being the situation, 1n order to o¢obtain the

retalined v -phase in an amount not smaller than 3%, it
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1S necessary for the volume of the balnite phase to be
not smaller than 5% even under the condition of the Al

2ddition. On the other hand, 1f the wvolume of the

bainite phase exceeds 60%, the uniform elongation is
lowered. Also, where the sum of the volumes of the
ferrite phase which 1s precipitation-strengthened and
the Dbalnite phase 1s smaller than B80%, the hole
expanding ratio 1s lowered by the formation of a fourth
phase such as a martensite phaée. Under the
circumstances, the sum of the volumes c¢f the ferrite
phase and the bainite phase 1s_set at 80% or more, and

the volume of the bainite phese is set in the range of

5 to 60%. Incidentally, i1t 1s not particularly

necessary to define the phase other than the <three

phases noted above. It 1s certainly possible for the
steel sheet o©of the present 1invention to contain, for
example, a martensite phase. However, 1t 1s desirable
for the amount of the additional phase other than the
three phases, e.g., the martensite phase, to be as
small as possible.

[ 0015]

The volume of the retained vy phase is 3 to 20%:

The retained vy -phase brings about a so-called

“"TRIP effect” to markedly improve the elongation of the
steel sheet. It should be noted that, i1if the retained
y phase 1s present 1n an amount of 3 to 20% in the

ferrite phase strengthened by the fine precipitates and
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the bainite phase, the uniform elongation
characteristics 1n particular are markedly improved.

If the volume o0f the retalined 7y phase 1s smaller than

r~
p—
M—

3%, 1t 1s 1mpossible to obtain the particular effect

sufficiently. Alsc, 1n order to obtain the retained vy
phase exceeding 20% by wvolume, 1t 1s necessary to

increase the addition amounts of C and Al or to apply

the re-heating during the cooling process after the hot
rolling stage. Such being the situation, the volume of
the retained vy phase 1s set 1in the range of 3 to 20%.

P

Incidentally, the volume of the retained vy phase can

be measured by the X-ray diffraction.
[ 0016]

Composite carbildes containing Ti and Mo, and
composite carbides containing Ti, Mo and V:

The composite carbides containing Ti and Mo or
composite carbides containing Ti, Mo and V are
precipitated finely, compared with TiC that has been
used, so as to make 1t possible to strengthen the steel
sheet efficiliently. It 1s considered reasonable to
understand that, since the carbide-forming tendency of
Mo and V 1s lower than that of Ti, it 1s possible for
Mo and V to be present finely with a high stability,
thereby effectively strengthening the steel sheet with
a small addition amount that doces not lower the

workability of the steel sheet. In addition, 1f 3 to

20% of the retained vy phase 1s present in the ferrite
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phase strengthened by the flne composite carbide
particles and 1in the Dbainite phase, the uniform
elongation characteristics 1n particular are markedly

improved. It 1s considered reasonable to understand

that, since the difference 1n hardness between the
ferrite phase thus strengthened and the bainite phase
is small, the ferrite phase &and the bailinite phase

behave like a single phase structure heving a hich

strength and, thus, the TRIP effect 1s produced in the
structure by the retained vy phase. On the other hand,
since Ti exhibits a strong carbide-forming tendency,
the precipitates tend to pe enlarged and coarsened so
2s to lower the effect on the strengthening of the

steel sheet in the case where the steel sheet does not

contain Mo, and further, V. Such being the situation,
it was necessary to permit a large amount of TiC to be
precipitated in order to obtain a required strength of
the steel sheet to cause the elongation characteristics
to have been lowered. In addition, the composite
carbide that dcoes not contain Mo, and further, V 1is
readily enlarged and coarsened when the steel sheet 1s
re-heated to lower the strength of the steel sheet.
Under the circumstances, composite carbldes containing

Ti and Mo or compocsite carbides containing Ti, Mo and V

are finely dispersed 1n the ferrite.
[ 0017]

The average carbide diameter of the composite
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carbides is not larger than 30 nm:

Composite carbides containing Ti and Mo or
composite carbides contalning Ti, Mo and V tend to be
preciplitated finely, compared with TaiC. Where the
average carbiace diameter 1s not larger than 30 nm, the
compcsite carbides contribute more effectively to the
strengthening of the ferrite phase tc i1improve the
balance between the strength zand the uniform elongation
and to improve the stretch flangeability. On the other

hand, where the average carbilide diameter exceeds 30 nm,

the uniform elongation and the stretch flangeabilility of
the steel sheet are lowered. Such being the situestion,
the average particlie diliameter oI the composite carbides
is defined not to exceed 30 nm.
[ 0018]

[ Chemical Component]

The chemical components will now be described.

\NO 7/

Incidentally, the expression “%” used 1n the following

description denotes “mass %”.

C: 0.05 to 0.25 %:

C forms composite carbides containing Ti1 and Mo or
composite carbides containing Ti, Mo and V, which are
finely precipitated in the ferrite matrix to impart a
high strength to the steel sheet. Also, C diffusion in

the austenite phase takes place during the ferrite

transformation or the bainite transformation to promote

formation of the retained v phase. However, 1f the
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amount of C is 1less than 0.05%, the retained v¥ 1s not
Tormed to lower the elongaticn characteristics. By

contraries, if the C amount exceeds 0.25%, the

martensite formatlon 1s promoted to deteriocrate the

stretch flangeability. Such being the situation, the C
content 1s defined in the range of 0.05 to 0.25%.
[ C019]
Si: less then 0.5%:

Si contributes to the solid solution strengthening.
In this respect, it 1s cesirable for the steel to
contain not less than 0.001% of S1i. However, 1f 531 1is
acdded 1in an amount exceeding 0.5%, the surface

properties of the steel sheet are 1impaired zand the

plating property of the steel sheet 1s lowered. such

being the situstion, the Si content 1is defined to be

less than 0.5%.
[ 0020]

Mn: 0.5 to 3.0%:

Mn serves to suppress the cementite formation to
promote the C diffusion 1n the austenite phase and to
contribute ©o the retained v formation. However, 1f
the Mn content 1s lower than 0.5%, the effect of
suppressing the cementite formation 1s not produced
sufficiently. Also, 1f the Mn content exceeds 3%, the

segregation 1s rendered prominent to lower the

workability of the steel. Such being the situation,

the Mn content 1s set 1n the range of 0.5 to 3.0%,
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preferably 0.8 to 2%.

[ 0021]

P: not larger than 0.06%:

P, which 1s effective for promoting the sclid

sclution strengthening, causes the stretch
flangeability ©of the steel to be lowered by segregation
and, thus, the amount of P should be decreased as much

as possible. Such beilng the situation, the P content

is defined to be 0.06% or less, preferably 0.03% or

less.
[ 00272]

S: not larger thzn 0.01%:

S forms a sulfide of Ti or Mn and, thus, causes
the effective amount of Ti and Mn to be lowered. Such

being the situation, the S content should be lowered as

mu

v

ch as possible and, thus, the S content 1s defined to

be 0.01% or less, preferably at 0.005% or less.
1 0022]

Sol. Al: 0.50 to 3.0%:

In general, Al 1s used as a deoxidizing material.
In the present invention, however, Al 1s wused for

promoting the ferrite formation and the C diffusilion 1n

the austenite phase to promote the formation of the

retained austenite without deteriorating the plating

1)

Sol. Al is smaller than 0.50%, 1t 1s 1impossible to

obtain a sufficient effect of promoting the retained vy
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formation. On the other hand, 1f the amount of Sol. Al

exceeds 3.0%, the surface defect 1s 1ncreased 1n the
casting stage to deteriorate the elongation and the
stretch flangeability. Such belng the situation, the
content of Sol. Al 1s set 1n the range of 0.50% to 3.0%.

Further, where the steel has a composite structure of

three phases of the ferrite phase, the bainite phase

and the retained vy phase and where the ferrite phase
1s strengthened by composite carbiades containing Ti and
Mo or composite carbides contalning Ti, V and Mo, the
Al addition permits improving the balance between the
strength and the unifiorm elongation, compared with the
S1 addition.

[ 0024]

N: nct larger than 0.02%:

The amount of N, which 1s coupled with Ti to form
a relatively coarse nitride thereby lowering the amount
of the effective Ti, should be decreased as much as

possible. Such being the situaticon, the N content 1is

set at 0.042% or less, preferably 0.010% or less.
[ 0025]

Mo: 0.1 to 0.8%:

Mo 1s required for forming fine precipitates by
the coupling with Ti and C and, thus, is o¢ne of

important elements 1in the present invention. Where the

Mo content 1s lower than 0.1%, fine precipitates are

not formed 1n a sufficiently large amount to make it
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cifficult to obtain a high strength not lower than 780
MPa with a high stability. On the other hand, where Mo

1s added 1n &an amount exceeding 0.8%, the effect

produced by the Mo addition 1s saturated. n addition,

the steel manufacturing cost 1s 1increased. Such being
the situaticon, the Mo content 1s set in the range of
0.1 to 0.8%, preferzbly 0.1 to 0.4%.

| 002¢6]

Ti: 0.02 to 0.40%:

T1 1s requilred for forming fine compcsite carbides
by the coupling with Mo and C and, thus, 1is one of
important elements 1n the present 1nvention. However,
if the Ti ccntent 18 lower than 0.02%, fine
precipitates of composite carbides are not formed in &
sufficiently large amount so as to make it difficult to
obtain a high strength not lower than 780 MPa with a
high stability. On the other hand, where Ti 1s added
in an amount exceeding 0.40%, the composite carbides
formed are rendered coarse to lower the strength of the

steel sheet. Such being the situation, the Ti content

is set in the range of 0.02 to 0.4%, preferably 0.04 to
0.30%.
[ 0027]

V: 0.05 to 0.50%:

V 1s effective for forming fine composite carbides
tcgether with Ti and Mo and, thus, 1s one of important

elements 1in the present invention. Where V 1is not
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added, the fine composite carbide grains are
precipitated mainly in the form of TiMoC;. However, 1if

V is added, the fine composite carbide grains are

precipitated mainly in the form of (Ti, V)MoC;. As a

result, the fine composite carbides can be dispersed
and precipitated in a larger amount, which 1s highly
effective for increasing the strength of the steel. It
follows that the V additicn 1is effective for obtaining
a steel sheet having a high strencth not lower than 980

MPa. Also, the carbide of V can be dissolved at a

relatively low temperature and, thus, V 1s easily
dissolved 1n the re-heating stage ©If the slab. It

follows that the strength of the steel can be 1ncreased

more easily, compared with the case of using Ti and Mo

alone. However, 1f the V content 1s lower than 0.05%,
the amount of the finely dispersed composite carbide 1is
not 1ncreased suffiliciently. On the other hand, where
the V addition amount exceeds 0.50%, the composite
carbide is enlarged and coarsened so as to lower the
strength of the steel. Such being the situaticn, the V
addition amount 1s set 1n the range of 0.05 to 0.50%,

preferably in the range of 0.1 to 0.40%.
[ 0028]

| Manufacturing conditionsj

The manufacturing conditions (hot rolling

conditions) employed in the present invention will now

be described.
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The steel sheet o©f the present 1nvention can be
manufactured by hot rolling a slab having the chemical
compositions described above. All the steel making

methods generally known to the art can be employed for

manufacturing the steel sheet of the present invention
and, thus, the steel making method need not be limited.

For example, it 1s appropriate to use a converter or an

electric furnace 1in the melting stage, followed by
periorming a seccndary refining by using a vacuum

degassing ifurnace. Concerning the casting method, it

1s desirable to emplcoy a continuous casting method in
view of the productivity and the product quality.
[ 00Z2¢]

Iin the present invention, 1t is possibkle to employ
the ordinary process comprising the steps of casting a
molten steel, cooling once the cast steel to room
Cemperature, and re-heating the steel so as to subject
the steel to a hot rolling. It 1s also possible to
employ a direct rolling process 1in which the steel
immediately after the casting, or the steel further

heated after the casting for imparting an additional

heat, 1s hot rolled. In any of these cases, the effect

of the present 1nvention 1s not affected. Further, 1n
the hot rolling, 1t 1s possible to perform the heating

after the rough rolling and before the finish relling,

to perform a continuous hot rolling by Joining a

rolling material after the rough rolling stage, or to
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perform the heating and the continuous rolling of the
rolling material. In any of these cases, the effect of
the present 1nvention 1s not 1mpaired. Incidentally,

1t 1s desireble for the heating temperature o©f the slab

LB

in the range of 1,200 to 1,300C in order to dissolve
the carbide. Also, 1t 1s desirable for the temperaturse
cf finish rolling in the hot rolling process to be not
lower than 800°C in order to lower the 1load of the

rollinc and to secure the surface properties. Further,

1t 1s desirable for the finish rolling temperature to
be not higher than 1,050C for grain refining.
| 0030]

In the steel sheet of the present invention, the

bainite transformation 1s utilized for promoting the

generation of the retained v, and the balnite phase 1is

utilized for 1mproving the strength of the steel sheet.
It is appropriate to set the coiling temperature after
the hot rolling process 1n a manner to fall within a
range of 350C to 580C in order to generate the bainite
phase. If the coiling temperature exceeds 580 C,

cementlte 1s precipitated after the colling process.

By contraries, the martensite phase 1s generated if the
coiling temperature is lower than 350 C to deteriorate
the uniform elongation. It follows that it 1is

approprlate to coil the hot rolled steel sheet in the

temperature range of 350C to 580°C, preferably within a

range of 400°C to 530°C. Incidentally, in order to
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cbtain abovementioned microstructure of the present
invention, 1t 1s desirable for the steel sheet after

the hot rolling stage to be <cooled at an average

cooling rate cof 30C/s to 150C. 1If the average cooling
rate after the hot rolling step is lower than 30°C/s,
the <ferrite grains and the composite carbide grains

contained 1n the ferrite phase are enlarged and

coarsened so as to lower the strength of the steel

sheet. Therefore i1t 1i1s preferable that the azaverage

cooling rate is not lower than 30C/s. If the average
cooling rate aiter the hot rolling step is higher than
150C/s, it is difficult to generate the ferrite grains
and the carbide. Therefore 1t 1s preferzble that the
average cooling rate is not higher than 150C./s.

[ 0031}

Further, 1t 1s desirable for the cooling process
to 1nclude the steps of cooling the hot rolled steel
sheet to a temperature regilion falling within the range
cf 600C to 750C at an average cooling rate not lower

than 30 C /s, air-cooling the steel sheet within the

temperature range of 600C to 750C for 1 to 10 seconds,
further cooling the steel sheet to the coiling
temperature at an average coollng rate not lower than
10 C /s and, then, coiling the steel sheet in the

temperature range of 350C to 580°C. The particular

cooling process makes 1t possible to obtain easily the

micro structure of the present invention described
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above. It should be noted that, 1if the average cooling
rate after the hot rolling step is lower than 30C /s,
the ferrite grains and the composite carbilide g¢rains
contailned in the <ferrite phase are enlarged and

coarsened so as to lower the strength of the steel

shneet. Further, if the air-cooling is performed for 1
to 10 second in the temperature range of 600C to 750C,
it 1s possible to promote the ferrite transformation,

to promote the C diffusion 1n the untransformed v, and

to promote the flne precipitation of composite carbides
containing Ti-Mo or Ti-V-Mo in the formed ferrite. If
the air-cocling temperature exceeds 750 € , the
precipitates are rendered large and coarse to lower the
strength of the steel sheet. On the cther hand, if the

air-cooling temperature is lower than 600 C , the

compecsite carbides are not precipitated sufficiently to
lower the strength of the steel sheet. Further, if the
alr-cooling time 1s shorter than 1 second, the
compcsite carbides are not precipitated sufficiently.
On the other hand, 1f the air-cooling time 1is longer
than 10 seconds, the ferrite transformation proceeds
excessively, resulting 1n fallure to obtain the bainite
phase 1n an amount not smaller than 5%. Also, 1f the

average cooling rate after the air-cooling stage 1is

lower than 10C /s, pearlite is formed and the stretch

flanging ratio 1s lowered.

[ 0032]



10

15

20

25

CA 02566736 2006-10-31

- 29 —

Incidentally, the upper limits 1n respect of the
cooling rate after the hot reolling stage and the

cooling rate after the air-cooling stage are not

particularly specified in the ©present invention.
However, 1t 1s desirable for the cooling rate after the
hot rolling stage to be not higher than 700C/s and for
the cooling rate after the air-cooling stage to be not

higher than 200C/s.

| 0033]

Incidentally, 1t 1s possible to apply plating such
&S a hot dipping or an electric galvanising to the
steel sheet of the present 1nvention so as to form a

zinc-based plated coating on the surface of the steel

sheet. Naturally, the high strength steel sheet of the
present 1nvention 1includes a galvanized steel sheet
obtained by forming a zinc-based plated coating on the
surface of the steel sheet by the plating treatment
described above. It 1s also possible to apply a

chemical treatment to the surface of the steel sheet.

[ 0034]
Since the high strength steel sheet of the present

invention exhibits a good workability, the steel sheet

retains a good workabllity even 1f a plated coating of

galvanizing system 1S formed on the surface.
Incldentally, the zinc-based plating noted above
denotes the zinc plating and the plating based on zinc.

It 1s possible for the plating to include alloying
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elements such as Al and Cr 1n additicn to zinc.
Incidentally, 1in the case o©0f the steel sheet having a
galvanized pliated coating fcrmed on the surface, 1t 1s

possible to apply the allcylng treatment to the plated

surface of the steel sheet. When 1t comes to the
annealing temperature before the plating stage 1n the
case of applying the plating by & hot dipping 1n molten
zinc, zinc is not plated on the surfzce c¢f the steel
sheet if the heating temperature is lower than 450 C.
On the other hand, the uniform elongation of the steel
sheet tends to be lowered, 1f the annealing temperature
exceeds Aci. Such being the situation, 1t 1s desirable
for the heating temperature to fall within the range of
450C to Acs.

[ 0033]

In the steel sheet of the present invention, there
is no difference in properties between the steel sheet
having a black skin surface and the steel sheet after
cleaning with an acaid. The temper rolling 1s not
particularly limited in the present invention as far as
the temper rolling employed 1n general 1s applied.
Further, it 1s desirable to apply the galvanising after
the pickling. However, 1t 1s possible to apply the
zinc-based plating by a hot dipping 1n a molten metal

even after the pickling with an acid or to apply the

plating to the steel sheet having a black skin surface.
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. 0036]
Slabs having the chemical compositions shown 1n

Table 1 were heated to various temperatures, followed

by hot rolling the heated slebs to obtain hot reolled
steel sheets each having a thickness of 2.0 mm. In
preparing the hot rolled steel sheets, the heating

temperature, the finish rolling temperature, the

cocling rate, and the colling tempereature were changed.

The hot rolled steel sheets were pickled thereby

preparing samples. For opbtaining the hole expanding
ratio A providing a «criterion o©of the stretch

flangeability, a steei sample sized 130 mm square was

cut out from the steel sheet, followed by making a
cutting hole, 10 mm®, in the sample by drilling. Then,
a conical punch of 60° was pushed up from below and the
hole diameter d was measured when the crack penetrated
through the steel sheet. The hole expanding ratio A
[ 3] was calculated by the formula glven below:

A (%) = 100 (d-10)/10
[ 0037]

The mechanical properties were obtained by taking
out a JIS 5 tensile strength test piece in a direction
of 90° from the rolling direction and by applying a

tensile strength test to the test pilece. For
determining the composition of the composite carbides

such as the amounts of Ti, Mo and V contained in the
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composite carbides, a thin film sample was prepared
from the steel sheet, and the compesition was

determined by the energy dispersicn type X-ray

spectroscopic apparatus (EDX) of a transmission

electron microscope (TEM). Also, for determining the

average particle size oI the composite carbides, not
less than 100 ferrite <c¢rains were observed with an
observation magnification cf 200,000, and the diameters
were converted 1nto the diameters c¢f the corresponding
circles by an 1mage processing based on the areas of
the individual composite carbides. Further, the
diameters obtained by the conversion were averaged to
obtain the particle size of the composite carbides.
The micro structure was 1dentified by using an optical
microscope and a scanning electron microscope (SEM) to
cbtazin the area percentage of ferrite and the area
percentage of bainite. The area percentage of ferrite
and the area percentage o©of balinite were used as the

volume percentage of ferrite and the volume percentage

of bailnite. Also, the amount o©f the retained vy
(volume percentage) was obtained by the X-ray
diffraction.

[ 0038])
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[ 0039]

Further, an alloying galvanizing was applied to

parts of steels A, J, L and AA under a heating
temperature of 680C which is not higher than Ac: and an
alloying temperature of 560C, which was maintained for
60 seconds, by using & continuous galvanizing line. In
order to evaluate the outer appearance o¢f the plated
layer and the adhesivity of the plating, a2 180° bending

test was conducted based on JIS Z 2248, followed by

attaching a tape (Dunplonpro No. 375 manufactured by
Nitto Kako K.K.) to the bent portion and subsequently

peeling off the tape to visually observe the surface

e .

state after the peelling off c¢f the tape. The samples
having the plating not peeled off at all were evaluated
as “good”, and the samples having the plating peeled
off such that the peeling was recognized by the naked
eyes was evaluated as "“poor”.

[ 0040]

Table 2 shows the manufacturing conditions, Table

3 shows the properties of the steel sheet samples after
the hot rolling and the pickling, and Table 4 shows the

properties o0f the steel sheet samples after the

galvanizing. As apparent from the experimental datea,
any of the Inventive Examples was found to exhibilit a
high yield ratio (YS/TS), compared with the Comparative
Examples, and was also found to be excellent 1n the

balance between the strength and the uniform elongation,
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in the stretch flangeabllity, and 1in the plating

property. By contrarles, the steel sheet samples for

the Comparative Examples failing to fall within the
range of the present 1invention in at least one
condition was found to fail to satisfy simultaneously
all the properties 1ncluding the high yield ratio, a
good balance between the strength and the uniform

elongation, & good stretch flangeabilility, and a good

plating property.
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[ 0041}
Table Z
average
cooling rate | intermediate
| heating | finishing |to air-cooling
No. | steel |temperature |temperature | intermediate |starting
(°C) (°C) alr-cooling temperature
temperature (°C)
o]
(C/s)
1 A 1250 860 135 685
7 A 1270 G20 100 700
2 | A | 1210 520 | 700
3 A 127 845 110 | 750
— T T — ———
4 2 S50 735
= | A 6
& | &
7 2
2 A
S B
0 | C
i3 D
2 | ©
13 3
g | 3
15 3
1€ i
T
17 3
_ 8 K
29 L 12
— ere—— _——f— —_—
20 | L 12
Sl R A SU.
21 | 1250 X3
N T — - i— «—.—* —— —
22 ’ 1250 870
23 L T 1250 | 5§70
24 L L- 1250 860
R b SR
25 L 1250 870
S —
26 M | 1250 S50
27 M 1250 850
28 N | 1270 875
——e e - "t —— = — —
29 0 1250 850
c— —-—_.——-r ——— e ———
30 P 1250 860
31 0 1250 860
32 | 0 1200 ] 860
33 R 1270 87
3 | . S 1250 875
—— _ —_— .
35 T 1250 875
36 | U 1250 T 870
37 | v 1270 890
33 l_ W 1270 890
39 X 1280 ‘ 9500
40 1250 590
i1 | 1250 860
o R __°°
42 AR 1250 870
rf e r— . . ——— el g s
43 AR 1250 860 120 700
*** ) gverage cooling rate to colling temperature

after hot-reclling
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Table 2 continued
T Average |
| intermediate | cooling | |
intermediate | air-cooling |rate ariter |coiling b - |
NO alr-cooling | finish | lntermediat | temperature klnd, *OI
| time(s) temperature |e air- | (%) cazbigenl
(°C) | cooling (°C|
| | /S)
] 5.0 660 | 55
> | z.1 | €90 60 |
SN U NS N R
& | 2.0 | 725 €5
5 | 2.8 T e66 | 40 F
6 | ] _ - BT
e S - coxxs
s |  ¢.5 | 88 | 30
c | 5.5 [ €72 ~ s0 | s
170  s.0 | ges 50 | :
13 2.5 | 6e3 &0 1[ 280
1z | 2.5 ] IEEEEEEE 60 80
EBE 702 THE
e | 4.5 | " eas | 50 |
15 | 5,5  e58 LLLZ:—;ir
e | s.0 | e | as 1
T [ 5.5 | ces | TR
e | 6.0 __: 710 _’r- 50 400 R, B
B 5.0 TE 60 | £30 ) B
20| 5.5 Sl eex | 45 _L_Léio____l;%i__
21 5.5 663 (5 £40 B
22 | 3.5 | e3 | 50 - a0 | =
[33 ] -@:é:_ B g;_r_‘_f;x-ﬁngBﬁkj‘ 380 5 j
24 5.5 663 | ¢s 5 _
j2s | 45 | ew | e N
26 | s.o | e e | I
27 5.0 | 660 60 430 B
| 28 | 4.5 | ees &0 | 480 'Y
| 29_%‘_ 2.0 | 680 I e0 | a0 ] B
- 30 5.5 613 | so0 | 450 A, B
T S NS R B S B
E1EE R I 430 B 1
33 3.5 | 658 65 * 470 B i
¢ | 4.5 | 6718 | 60 | a0 | B
35 4.5 658 60 470 _’ B |
l'se | 5.0 3
37 | s.0 B |
| 38 4.5 o
39 | 5.0 A,BL_j
50 | 5.0 N
a1 [ 5. 5 o
42 | 5.0 B
%3 | z.0 2, D |

*) Kinds of carbides A: Ti-Mo-C system
B: Ti1-V-Mo-C system
C: Ti-C system
D: V-C system
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Table 2 continued
. volume |
particle volume |
| . percent of . | amount of
No | S1ze ot forrite R percent oI | retained R "
: . C L EIMaXY KS
: carb.dex* | . bainite
bainite Y (vol%)
(nm) | . | (vol%)
(vol%)
— e
1 > l gs 50 10 Inventive Examr’e
Z 11 &7 &5 10 Inventive Example
3 E | g4 F 4% F 13 | Inventive Lxamcle
4 2 g4 ci 123 l*-Inventive Examrle
> 3 l g/ | 40 11 inventive Exancle
3 18 8e 35 12 nventive Examgl
7 20 g7 i Z 11 Inventive Examrle
& 2| 21 inventive Example
> 12 25 S50 Tnventive Examgle
4E 1 Inventive txamg_e
_56 N @T L _ﬁInveEFive_Examp;e
41 10 | nventive EBxample
38 c nventive Examc.le
- | .
52 [ i0 Inventive Examp.e
-
&2 6 Comparative Examzle
78 ‘ 1 :Comparat‘ve Zxample
4c 7 i_Eom.parative Examcle
&7 -4 inventive Examp.e
- , — T
4z 1z Inventive Example
4z 11 Invent_.ve Ixample
e —— _,.., ——— —— —T—t " —— -l-——*_—_ ——re— .-—- _-: o ——-—
21 4 = 12 inventive Example
S —— r—— — ——— . et —— — —
22 £3 1l Inventive Examc.e
Z3 45 © Inventive Examrle
Z¢ 52 Comparative Example
| 25 13 Comparative Example
26 4% 15 Inventive Example
277 477 13 | Tnventive Exzmple
| 28 61 10 Inventive Example
29 20 5 | Inventive Example
30 46 11 Inventive Example
| 31 | £4 13 | Inventive Example
32 48 11 Inventive Example
lL33 53 10 Inventive Example
34-1 4c 11 Inventive Example
35 o0 11 | Inventive Example
{ 36 ‘ 51 10 Inventive Example
37 _ié | 13 ) Inventive ExagP;s
38 42 1€ Inventive Example
S I - | CRTRET A
29 | 47 8 Comparative Example
S _° 1 | Lompare amp-.
40 38 | 7 lCom.paz:ativeExample
—_t —_ S — e
| 41 76 1 4 Comparative Example
42 46 ) S Comparative Example
** ) The particle size of carbide covers kinds &, B, C and D

of carbides, and does not cover the 1ron-based carbaide.
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Table 3

YS TS U*EL|TSxU " ELl| A

No. | steel (mp2) | (Mpa) YS/TS (96) (MP=-9%) | (%) Remarks
1 n | 749 | 890 | 0.84 | 18.8 | 16732 | 162 |Inventive Example
2 | a ] 747 | 903 [ o0.83 [ 18.4 | 16615 | 135 [iInventive Example
3 | A | 603 | 814 | 0.74 | 16.3 | 13268 | 163 |Inventive Example
s | A | 640 | 805 | 0.80 | 18.6 | 14973 | 164 |Inventive Example
5 | A | 709 | 875 |0.81 | 19.1 | 16713 | 166 |Inventive Example
S A 691 780 0.89 | 18.3 15054 | 156 | Inventive Example
7 | & | 690 J%O?‘l 0.86 | 17.5 L 41_405_5 154 | Inventlive Example
3 A | 725 | 792 | 0.92 | 15.8 | 12514 | 142 |Inventive Example
o | B | 832 | 991 [ 0.84 | 16.2 | 16054 | 129 |Inventive Example
10 | c [ 748 | 50 | 0.88 | 19.3 | 16405 | 165 |Inventive Example
11 | D | 764 | 895 | 0.85 | 17.¢8 r__];59;3_; | 156 JIm_f_enii\ig Example
12 E 730 870 0.86 | 18.1 15747 159 | Inventlve Example
13| F | 850 | 991 | 0.86 | 16.4 | 16252 | 133 |Inventive Example
14 | G | 790 | 875 | 0.90 | 18.1 |: 15838 | 161 |Inventive Example
15 | ® | 602 | 770 | 0.78 | 9.4 | 7238 | 81 |Comparative Example
16 1 780 910 0.86 9.3 8463 76 Comparative Example
7 1 3 | 762 | 885 | 0.86 | 12.3 | 10886 | 118 | Comparative Example
18 x| 775 | 945 0.82 [ 17 E____ T_‘§25-4 145 t;n_\?_c_engivg Z&am-;l;
19 | L | 835 | 1010 | 0.83 | 16.8 | 16968 | 141 |Inventive Example
20 | L | 815 | 993 | 0.82 | 16.6 | 16484 | 142 |Inventive Exampie
21 | 1 [ 820 | 998 |0.82 | 18.8 | 18762 | 140 |Inventive Example
2z | L gll | 987 | 0.82 | 17.8 | 173569 148 | Inventive Example
23 L <!‘ 828 1019 | 0.81 | 15.8 16100 138 |Inventlive Example
24 | L 840 | 988 | 0.85 | 5.2 | 5138 | 75 |comparative Example
25 | L | 783 | 1024 | 0.76 | 6.8 | 6963 | 70 |Comparative Example
26 | M | 1036 | 1205 | 0.86 | 16.3 | 20365 | 118 |Inventive Example
27 M 1002 1192 0.84 | 1l6.1 19151 120 | Inventive Example
2F N I 1£8ﬂ 137-_C_)__tO.86 11.2 15344 96 *—_Inza_athLive Example
29 | © 831 | 981 | 0.85 | 16.2 | 15892 | 149 [Inventive Example
30 _j Pi [ 852 | 9931_0;@ 16.4 ' 16318 L}46 Inventive Example
314__J Qo | 84-4_ | _9_82 LO:_86 | 17.§ 17273 144 Invent_i_vi Ezt_amgle
32 | Q 805)__4__981 rLO:_82 16.5 1e187 1 138 | Inventive Example
33 | R 877 1040 | 0.84 | 16.1 ! 16744 | 140 |Inventive Example
34 S 865 1008 0.86 | 16.3 16430 13% | Inventive Example
35 | T 846 | 994 | 0.85 | 16.9 | 16799 | 142 |Inventive Example
36 U 872 | 990 ]—0.538_ 16.5 I 16335 | 144 |Inven£:ivie Example
37 | v | 846 | 1035 | 0.82 | 17.1 L 17699 | 137 |[Inventive Example
38 W 86’7 1063 0.82 16.8 17858 135 | Inventive Example
39)_1 X 784 1009 | 0.78 | 10.7 10786 | 74 | Comparative Example
a0 | v 792 | 951 [ 0.83 | 9.4 8939 | 51 |Comparative Example
41 7 | 753 _L94; l 0.80 | 9.1 | 85?7: N 98 Compar_:ative;:ExEmpfe
42 | A | 808 | 1003 | 0.81 | 10.5 | 10532 | 109 |Comparative Example
43 AB 942 1015 0.93 9.2 9338 81 |Comparative Example
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The present 1i1invention provides a high strength hot
rolled steel sheet used 1n variocus fields including, for

example, the use as a steel sheet for azn automobile.
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Claims
1. A high strength steel sheet excellent 1n a balance
between the strength and the unlform elongation,

characterized in that the steel sheet consists of 0.05 to

\O

0.25 % of C, less than 0.5

o\

of Si, 0.5 to 3.0 % of Mn, not
more than 0.06 % of P, nct more than 0.01 % of S, 0.50 to
3.0 % of Sol. Al, nct more than 0.0Z % of N, 0.1 to 0.8 % of
Mo, 0.02 to 0.40 % of Ti1 by mass percentage, and the balance

of Fe and inevitable Impurities, the steel sheet has a

structure formed of at least three phases including a bainite
phase, and a retained austenite phase 1n addition to a
ferrite phase having a composite carbide containing Ti and Mo
precipitated therein 1n a dispersion state, wherein the total
volume of the ferrite phase and the bainite phase 1s not
smaller than 80%, the vclume of the bailnite phase 1s 5% to

60%, and the volume of the retained austenite phase 1s 3 to

20%.

2 . A hicgh strength steel sheet excellent 1in a balance
between the strength and the uniform elongation characterized

1n that the steel sheet consists of 0.05 to 0.25 % of C, less

than 0.5 % of Si, 0.5 to 3.0 % of Mn, not more than 0.06 % of
P, not more than 0.01 % of S, 0.50 to 3.0 % of Sol. Al, not

more than 0.02 % of N, 0.1 to 0.8 % of Mo, 0.02 to 0.40 % of

Ti by mass percentage, 0.05 to 0.50 % of V, and the balance

cf Fe and inevitable 1impurities, the steel sheet has a
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structure formed o©of at least three phases 1ncluding a bainite

phase, and a retained austenite phase 1n addition to &

ferrite phase having a composite carbilde containing Ti, Mo
and V precipilitated therein 1n a dispersion state, wherein the
tctal volume o©of the ferrite phase and the bainite phase 1is

—

not smaller than 80%, the volume of the bainite phase 1s 5%

to ©60%, and the volume of the retained austenite phase 1s 3

to 20%.

3. The high strength steel sheet excellent in a balance
between the strength and the uniform elongation according to

claim 1 o¢r 2, characterized 1n that the composite carbide

containing Ti and Mo or the composite carbide ceontaining Ti,

Mo and V, which 1s present 1n the ferrite phase, has an

average carbide diameter not larger than 30 nm.

4 . The high strength steel sheet excellent 1in a balance
between the strength and the uniform elongation according to
any one of claims 1 to 3, characterized 1n that the steel

sheet has a zinc-based plated coating on the surface.

5. A method of manufacturing a high strength steel sheet

excellent 1n a balance between the strength and the uniform

elongation, characterized by comprising steps of hot rolling

F

a steel sheet consisting of 0.05 to 0.25 % of C, less than

\NO

0.5 % of Si1, 0.5 to 3.0 % of Mn, not more than 0.06 % of P,

not more then 0.01 % of S, 0.50 to 3.0 % of Sol. Al, not more
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than 0.02 % of N, 0.1 to 0.8 % ¢f Mo, 0.02 to 0.40 % of Ti by

mass percentage, and the Dbalance o0f 1ron and inevitable

impurlities coiling the hot rolled steel sheet 1in the

temperature range of 350C to 580°C.

6. A method of manufacturing a high strength steel sheet
excellent 1n 2 balance between the strength and the uniform
elongation, characterizea by compriéing the steps oI hot
rolling a steel sheet comprising 0.05 to 0.25 % of C, less

P

of Mn, not more then 0.06 % of

o\?

than 0.5 % of Si, 0.5 to 3.0

P, not more than 0.01 % of 5, 0.50 to 3.0 % of Sol. Al, not

'._i

more than 0.02 % of N, 0.1 to 0.8 % of Mo, 0.02 to 0.40 % of
Tl by mass percentage, and the balance o0of 1ron and inevitable
impurlties, coollng the hot rolled steel sheet to a cciling

temperature at an average cooling rate of 30C/s to 150%C /s,

eand coiling the cooled steel sheet 1n the temperature range

of 350C to 580C.

7. A method of manufacturing a high strength steel sheet
excellent 1n a balance between the strength and the uniform
elongation, characterized by comprising the steps of hot

rolling a steel sheet comprising 0.05 to 0.25 % of C, less

\

than 0.5 % of Si1, 0.5 to 3.0 % of Mn, not more than 0.06 % of

P, not more than 0.01 % of S, 0.50 to 3.0 % of Sol. Al, not

more than 0.02 % of N, 0.1 to 0.8 % of Mo, 0.02 to 0.40 % of

Tl by mass percentage, and the balance of i1ron and inevitable

impurlties, cooling the hot rolled steel sheet 1in the
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temperature range of 600C to 750°C at an average cooling rate
not lower than 30C/s, subjecting the steel sheet to the air
cocling for 1 to 10 seconds within the temperature range
ncted above, cooling the steel sheet to a coi1ling temperature
at an average cooling rate not lower than 10C/s, and coiling

the cooled steel sheet in the temperature range of 350C +to

580°C.

3 . The method of manufacturing a high strencth steel sheet

excellent 1n a balance between the strength and the uniform

eloncation according to any one of claims 5 to 7,

characterized in that the steel sheet further containing 0.05

to 0.50

o\©?

of V by mass percentage.

9. The method of manufacturing a high strength steel sheet
excellent 1n & balance between the strength and the uniform
elongation according to any one of claims 5 to 8,

characterized Dby further comprising the step o¢f applying a

zinc-based plating to the surface of the steel sheet.
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