DESCRIPTION Title of Invention] HOT ROLLED STEEL SHEET W TH EXCELLENT
FORMABI LI TY AND METHOD FOR MANUFACTURI NG THE SAME [ Technical Field] j)001]
present invention relates to a hot rolled, steel sheet used for nmaterials for
aut onobi | es, hone el ectric appliances, and the like, and nore particularly
relates to a hot rolled steel sheet having formability suitable for press
formng and the Iike and al so being excellent in aging resistance and in-pl ane
ani sotropy. [Background Art] [0002] A not rolled steel sheet used for
aut onobi | es, electric goods, and the like is required to have high
formability, and in particul ar, deﬁgéegggﬂ%o$o inpart Soft properties and high
ductill.ty to a hot rolled steel s or deep drawi ng application, such
as a conpressor cover, has been aggressively carried out. In addition, as

ti mes necessary for transportation and storage are increased concomtant with
recent ”E'@?u%f ¢! ?R%h%%hﬁ’” @7 MO Gt U hg @ﬁé}ﬁf’wifﬁ E%éﬁttthéf tn
material quality, in particultar, aging--resistance has al so béen 1ncreasingly
ConS!dekaﬁoﬁﬁABtm%t b vEQBBB] For MaRSFheTuAIREL el kegkst eel sheet for deep
drawi ng ich i1s excellent in aging-resistance, Patent Literature |I has
proposed a technique in which soft /high. ductile properties are ensured by
defining upper limts of reinforcing elenent..., such as C and M, and the

agi na-resijstaneechs enhanged by adding. 0.001%or nore of a to fix Nin steel.
However, according to the techni que descri bed above, since the addition anount
of B of theobot rolled steel sheet is as high as 0.001%or nore, a problemin
that. a Ari (planar anisotropy of Hvalue) which is an index indicating the

i n-pl ane ani sothepyrefcdeepn deawl oy, r&satasreasednhoayrat sed| 6064] I'n
order to overcone the above problemof a hot rolled steel sheet added with 13,
Pat ent Li tberatunee2 has propoiedsafbechnicquebiinewhi thmfi pilsktnrdld ing is
performed at a tenperature higher than the Ar3 point 4. 20C or nore by

speci fyi ngerhéaaddpt i endambant iket Bntompmpr oeetihelBALM. ke laddist iton,a Al t hough
not relating a. _hot rolled steel sheet added with -13, a. technique has been
proposed NAtPapéhedLpterat Ghec8 PAVIMABCAOIrRabidét Yt 6UilpPd¢e foe PASSsof a hot

roiled steel sheet having_a specified P content, fini. - rolling is perforned
at thepoiﬁ?rﬁﬂnﬁnﬁég the like and also being excellent in aging-

resistance and in-plane anisotropy.
[Background Art]
[0002]

A hot rolled steel sheet used for automobiles, electric
goods, and the like is required to have high formability,
and in particular, development to impart soft properties and
high ductility to a hot rolled steel sheet used for deep
drawing application, such as a compressor cover, has been
aggressively carried out. In addition, as times necessary
for transportation and storage are increased concomitant
with recent trend of globalization of manufacturing bases,
the stability in material quality, in particular, aging-

resistance has also been increasingly considered as



[0005] - 3 However, as disclosed in Non-Patent. Literature |,a hot
rolled steel sheet added with B tends to formcoarse grains and is greatly
dependent on hot rolling conditions. Therefore, '.1= finish "oiling is sinply
perfornmed at. a high, tenperature as proposed in Patent Literatures 2 and 3,
coarse grains are excessively formed, and rough surfaces are generated on the
steel sheet after press formng. In addption, although the hot re-Vied steel
sheet proposed in Patent Literature 3 is not added with B, since grain growh.
properties are enhanced when the content of P is extrenely
decreased,(0.0 50 or less), as in the case of the hot rolled steel sheet

pr oposed i PBA éﬁ "Literature 2, the generation of rough surfaces due to
excessi ve nggje grain formation. may cause a problem [0006] On the

ot her han&, ent Literature 4 has disclosed a technique in which in order to

SUppress an eﬁggs§é¥e gﬁSWWPoﬁée@régéﬁl Jﬂeé@dfgf &@e#sdﬁggﬁgg;?hﬁcﬁpt rolled

steel sheet, wever and ave significant ects of

suppr essi li;za a Si [ nee,. i n order to
orove t e Ar et e et Far da st eer ehett Tadded Mt e nd) oo and 4l 50

to ensure @BBBQBH'ét%eghﬁhaugléﬂﬁkﬁlﬁﬁ sb@%/hﬁ%h teki-ed esteelpesheaets nust be
held at a hlgh tenperature region for a long period of tirre, in adUticr,

since 3 i srBoknadded iy the ithaehndge discliosed f nre Rat ©nti bt erahbhes4, aging
inalowC region inevitably occurs, and hence, a. problemof inferior

agi ng-reskstange oaynal 8@, aénaetthhgahgemebusthncha@eehhbmkeka&gxes] [ 0007;

[ PTLI Japanese Unexam ned Patent Application Publication No, 52-12541a.
adding 0.001% or more of B to fix N in steel. However,
according to the technique described above, since the
addition amount of B of the hot rolled steel sheet is as
high as 0.001% or more, a problem in that a |Ar| (planar
anisotropy of r-value), which is an index indicating the in-
plane anisotropy of deep drawing, is increased may arise.
[0004]

In order to overcome the above problem of a hot rolled

steel sheet added with B, Patent Literature 2 has proposed a
technique in which finish rolling is performed at a
temperature higher than the Ar; point + 20°C or more by
specifying the addition amount of B to improve the |Ar|. 1In
addition, Although not relating a hot rolled steel sheet
added with B, a technique has been proposed in Patent
Literature 3 in which in order to improve the |Ar| of a hot
rolled steel sheet having a specified P content, finish

rolling is performed at the Ar; point or more.

[0005]



[ PTL 2] Japanese Unexam ned Patent Application Publication. No. 2-209423

[ PTL 31 Japanese Unexam ned Patent Application Publication No. 2-209424

[ PTL 4] Japanese Unexam ned Patent Application Publication. No. 2-30713

[ Non- Patent Idterature] [000 BI ENPL 11 Yo Ito at al., "Hot Roil ed.
Steel. Sheet KEN For Press Form ng', KAWASAYl STEEL d HO, published by
Kawasaki . Steel Corp., 1973, Vol. 5, Noz 2, pp. 224 to 234. Summary of

| nvention] [Technical Problen] 100091 As descri bed above, although
several techniques for inproving the HA:EH of a hot rolled, steel sheet for

d f h f d_degr adat f t

occur, “ther - hiS BEsh 5’%;&?%@5%?2@%& PagiTe fﬁ%%@ﬁvr?%@ene. B v made
d t d f t t t

to provi 46°4 Fot ?8? gP el CeRBot Ay PrBoRRC RBr OBl TART i CRUT Sausing

excessi ve ﬁgagge Emgfargghdggtagnmg tﬁgéﬁﬁﬁbngongégglkgnt formability and

agl ng-resi St ance ant ageous ne manu act uri ng t he same,
[SO|Ut'OnTEQrgEBQE?nlf[Qgﬁgkh rolling is simply performed at a high

temperature as proposed in Patent Literatures 2 and 3,
coarse grains are excessively formed, and rough surfaces are
generated on the steel sheet after press forming. In
addition, although the hot rolled steel sheet proposed in
Patent Literature 3 is not added with B, since grain growth
properties are enhanced when the content of P is extremely
decreased (0.005% or less), as in the case of the hot rolled
steel sheet proposed in Patent Literature 2, the generation
of rough surfaces due to excessive coarse grain formation
may cause a problem.

[0006]

On the other hand, Patent Literature 4 has disclosed a
technique in which in order to suppress an excessive growth
of grains, Ti and/or Nb is added to a hot rolled steel sheet.
However, Ti and Nb each have significantly high effects of
suppressing recrystallization and suppressing grain growth.
Hence, in order to improve the |Ar| of a hot rolled steel
sheet added with Ti and/or Nb and also to ensure appropriate
grain diameters, the hot rolled steel sheet must be held at
a high temperature region for a long period of time. 1In

addition, since B is not added in the technique disclosed in



In order to achieve the above obect. The present inventors carried out

i ntensive research on recrystallization behavior and grain growth behavior of
- added aluminumkilled steel _ As a result, a. new finding was obt ai ned t hat
when the conponent conposition of steel, finish rolling tenperature and
reduction rate, cooling conditions after finish roiling, and the |ike were
controlled, in particular, when a relatively |arge anount of P was added as a
conponent, and a step of spontaneous cooling treatnment for a. short period of
time was performed after hot rolling was conpleted, in a. hot rolled steel

heet h i ng- t d sort/high ductil t the | Axl I d
bt ecuceti et Rott EXAS LRG| ic%‘@gpiqgﬁeog:%g At 6 For o oul 6

generate 1oy h surfa ces %ndath%okl e 5 ﬁklor 1n _preser)(_f i nventi on was
made based “Gn the “AbovE Findfng ! °and acgoﬁﬁl gﬁé dspect - of*t4e present

i nvention ggggﬁs prQui ded: (1) a. hot rolled steel sheet containing,on a
percent by SS baS|s 0.03%to 0.07%of C, 0.1%or less of Si, 0.05%

[Citation List]
[Patent Literatures]
[0007]

[PTL 1] Japanese Unexamined Patent Application
Publication No. 52-125411

[PTL 2] Japanese Unexamined Patent Application
Publication No. 2-209423

[PTL 3] Japanese Unexamined Patent Application
Publication No. 2-209424

[PTL 4] Japanese Unexamined Patent Application
Publication No. 2-30713
[Non-Patent Literature]

[0008]

[NPL 1] Yo Ito et al., "Hot Rolled Steel Sheet KFN For
Press Forming", KAWASAKI STEEL GIHO, published by Kawasaki
Steel Corp., 1973, Vol. 5, No. 2, pp. 224 to 234
[Summary of Invention]

[Technical Problem]
[0009]

As described above, although several techniques for

improving the |Ar| of a hot rolled steel sheet for deep

drawing have been disclosed, since incidental problems, such



to 0.5% of WMh, 0.01%to 0.03%of _ 0.03%or less of5, 0.02%to 0.1% of sol.

as generation of rough surfaces and degradation of aging-
resistance, occur, there has been room for improvement. The
present invention was made in consideration of this
situation, and an object of the present invention is to
provide a hot rolled steel sheet having an improved |Ar|
without causing excessive coarse grain formation as well as
having excellent formability and aging-resistance, and an
advantageous method for manufacturing the same.

[Solution to Problem]

[0010]

In order to achieve the above object, the present
inventors carried out intensive research on
recrystallization behavior and grain growth behavior of B-
added aluminum killed steel. As a result, a new finding was
obtained that when the component composition of steel,
finish rolling temperature and reduction rate, cooling
conditions after finish rolling, and the like were
controlled, in particular, when a relatively large amount of
P was added as a component, and a step of spontaneous
cooling treatment for a short period of time was performed
after hot rolling was completed, in a hot rolled steel sheet
having aging-resistance and soft/high ductile properties,
the |Ar| could be reduced without causing excessive coarse
grain formation which would generate rough surfaces and the

like.



0.005% or less of N, lass than 0.005% of Nb+Ti 0.0003%to 0.0020% of 8, and
the bal ance being Fe and inevitable inpurities wherein an average crystal
srain diameter is in arange of 12 to 25 pm and ;..,;0.25 and A <20 MPa hol d_
[ 0012] Accordi ng to anot her aspect of the present invention, there is
provided: (2) a nethod for manufacturing a hot rolled steel sheet conprising
the steps of performng a final pass ofghot roiling on a steel slab which
contains on a percent by nmass basis, 7 0,03%to 0.07%of 0.1%or less of Si,
0.05%to 0.5% of M,

[0011]

The present invention was made based on the above
finding, and according to one aspect of the present
invention, there is provided:

(1) a hot rolled steel sheet containing, on a percent by
mass basis,

0.03% to 0.07% of C,

0.1% or less of Si,

0.05% to 0.5% of Mn,

0.01% to 0.03% of P,

0.03% or less of S,

0.02% to 0.1% of sol. Al,

0.005% or less of N,

less than 0.005% of Nb+Ti

0.0003% to 0.0020% of B, and

the balance being Fe and inevitable impurities,

wherein an average crystal grain diameter is in a range of
12 to 25 pm, and {[Ar|<0.25 and AI<20 MPa hold.

[0012]

According to another aspect of the present invention,
there is provided:

(2) a method for manufacturing a hot rolled steel sheet
comprising the steps of performing a final pass of hot
rolling on a steel slab which contains, on a percent by mass

basis,



0,01%to 0.03%of P, 0,03%o0r less of S. 0.02%to 0.1%of sol. A, 0. 005% r
ices of N, less than 0.005% of Nb+Ti, 0.0003%to 0.0020% of B, and the bal ance
being Fe and inevitable inpurities at a rolling tenperature of Ar34-50C or
nore and a reduction rate of 15% or nore; perform ng spontaneous cooling for
0.5 to 10 seconds after the hot rolling; performng cooling to 700C or |ess at
a cooling rate of 20'C/sec or nore; and7performng coiling at a tenperature in
a range of 590C to 700C. [Advantageous Effects of Invention] [0013]

According to the present invention, sufficient aging-resistance and soft/high

ductile propecrt es are inparted to a hot rolled steel sheet, and in additione
i n-pl ane QnggétF8p9:§Zﬁ gg &educed whil e the crystal grain dianeter suitable

for press fggn%@gielg n igtained. Hence, according to the hot rolled steel
sheet of 9he°presen? i nveRtion, a product, such as a conpressor cover, which

requires Bighky. *5. seoppl ;gated processing and which is difficult to be
formed froma rePatéa not rofled steel sheet can be manufactured w thout any
qual ity dggpadatjop, gsuchrag rough surfaces, generated in formng.

[ Description of Enbodlnentsf'

0.03% or less of S,

0.02% to 0.1% of sol. Al,

0.005% or less of N,

less than 0.005% of Nb+Ti,

0.0003% to 0.0020% of B, and

the balance being Fe and inevitable impurities at a rolling
temperature of Ar3;+50°C or more and a reduction rate of 15%
or more; performing spontaneous cooling for 0.5 to 10
seconds after the hot rolling; performing cooling to 700°C
or less at a cooling rate of 20°C/sec or more; and
performing coiling at a temperature in a range of 590°C to
700°C.

[Advantageous Effects of Invention]

[0013]

According to the present invention, sufficient aging-
resistance and soft/high ductile properties are imparted to
a hot rolled steel sheet, and in addition, the in-plane
anisotropy can be reduced while the crystal grain diameter
suitable for press forming is maintained. Hence, according
to the hot rolled steel sheet of the present invention, a

product, such as a compressor cover, which requires highly



[ 0014] Reasons for linminc conpohe.nt conpositions and manufacture
conditions of the present invention will be described. Although the content of
every element in a steel sheet is on a "percent by mass" basis, it is sinply
representea by "I" unless otherw se particularly noted. (1) Conponent
conposition range C. 0.03%to 0.07% When the content of Cis high, since
a |l arge anount of carbide is generated, gthe el ongation of a hot rolled steel
sheet is reduced, and the formability thereof is degraded; hence, the content
of Cis set to 0.07%or less. On the other hand, when the content of Cis

extremnmely decreased,, nmanufactur n cost |s.increased,  and t he | owner
it is SETD 606%6%?3-’?66%%]1%%:5‘ 6 PBagh° i gieRsetn A PR B SRt ' 2l

t th f bi Lit d ded, th
content 1 &2 §'@P°$5e€3zéhéﬁ“l eS8 TPh" FRChr SLeRt PROcAE B U&Te R “erenent -
which d h f bl
decr cased” { 6016) TRt 02056 éea?ééa@%ﬁ?éﬂ?ac9%41??‘19%5géﬁ. AR form of wns
and functégggﬁggeanghoE gghgductlllty, the content of Mh nust he set to 0.05%

r

or nore. e ot he ince an excessive addition not only hardens steel
but al so gggg@gg%tggg g@rgﬁgbhhﬁgngg?reof- the upper limt of the content is
set to 0.5% [0017 01%to

[0014]

Reasons for limiting component compositions and
manufacture conditions of the present invention will be
described. Although the content of every element in a steel
sheet is on a "percent by mass" basis, it is simply
represented by "%" unless otherwise particularly noted.

(1) Component composition range
C: 0.03% to 0.07%

When the content of C is high, since a large amount of
carbide is generated, the elongation of a hot rolled steel
sheet is reduced, and the formability thereof is degraded;
hence, the content of C is set to 0.07% or less. On the
other hand, when the content of C is extremely decreased,
manufacturing cost is increased, and hence, the lower limit
is set to 0.03%.

[0015]
Si: 0.1% or less

If the content of Si i1s excessive, since the strength
is increased, and the formability is degraded, the content

is set to 0.1% or less. In the present invention, Si is an



P is a characteristic elenent in the present invention. That is, when the
content of Pis small, the grain gromh is enhanced, and the probability of
generating rough surfaces caused by coarse grain formation rmay be i ncreased.
Hence in the present invention, at |east 0.01%of P is contained. However, P
is a solid-solution-strengthening el ement and hardens steel when the content
thereof is excessive, and hence the upper-limt is set. to 0.03% [u018] 0,03%
or |ess S is an elenent which degrades hot ductility and formability, and
hence the content thereof is preferably decreased. In addition, although Sis

fixed in the form Sin.ord ove_hot ductility nd formability,
the el ong&t BRI Wgégpwgggaaﬂﬁénggﬁ %SﬁgghﬁiéFyNhgng thESS %F and hence the
upper Ilnktn%f % %gcont%nt of . §§ Bgcgeosw [0019] sol. Al: 0.02%to 0.1%
Al is not 8n|y fréctrve as & SeOXI |ng agen? but al so enhances the

agi ng- re3|6b§%?e by fixing N, which is not fi.xec by [3, in the form of MN
As the content "of ascii. A, 0.02%or nore is required. On the other hand,

since excgsgsi O@ddk% g kncreases manufacturing cost, the upper linmt of sol.
Al is set to 0.1% 0 Of N: 0.005%or less Nis an el ement of agi ng a hot

roiled steel S@ﬁ%e @Adr 8 sHab | 66 €00t £9Ent HETRRS éﬁd”’@uﬁc’@i@ﬁ@r apl e; however,
an excessi ve decrease causes a renarkabl e cost increase.

improve hot ductility, the content of Mn must be set to
0.05% or more. On the other hand, since an excessive
addition not only hardens steel but also degrades the
formability thereof, the upper limit of the content is set
to 0.5%.
[0017]
P: 0.01% to 0.03%

P is a characteristic element in the present invention.
That is, when the content of P is small, the grain growth is
enhanced, and the probability of generating rough surfaces
caused by coarse grain formation may be increased. Hence,
in the present invention, at least 0.01% of P is contained.
However, P is a solid-solution-strengthening element and
hardens steel when the content thereof is excessive, and
hence the upper limit is set to 0.03%.
[0018]
S: 0.03% or less

S is an element which degrades hot ductility and
formability, and hence the content thereof is preferably

decreased. In addition, although S is fixed in the form of



t he present invention, since B and Al are added to fix when the content of N
is 0.005% or less, its adverse influence can be ignored, and hence the upper
limt is set to 0.005% [0021] Nb+Ti: |ess than 0005% Since Nb and Ti
are each a nowerful recrystarnzation suppressing elenent, if these elenents
are excessively 11 - contained, the reduction of the IArl is difficult to
perform In addition, since these elemamts are each also a powerful grain
growt h suppressing elenent, if these elenments are excessively contai ned,
crystal grains of a hot rolled steel sheet are forned to have a snmaller grain

di t d.th I ti, th i . d th . | t
of Nbi T} YR8 ibr érﬁsgPﬂi’%‘abﬁﬁrwéﬁﬁﬁ% SR GE R L BEser T bea Hea0 Chhan e Lot al
cont ent of Nb an d Ti.s ess gha HgOS{ihethe %bgve ca Xsrﬁg e&fecti%an be

i gnor ed; ﬁ%ﬁgg tHe ﬁﬁpg? FF 8? NB4<Ti PYt'c Pess'than 07°0065% [0022] B:

0.0003% t gﬁg the uppekr é§ﬁ1§'SQEEhetBOhHBPQVSftEelQQ'QQ %%SIStance by
fixing N P i on. SPRce as a functiron o approprlately coar seni ng
crystal gpapns and al so has an effect of suppressing a decrease in elongation
caused by decreéasing the size of crystal grains, the content of 2 nust be

0. 0003% orppppe. On the other hand, since the |Arl is increased when 13 is
excessively added, the upper limt thereof Is set to 0.0020% In addition, the

bal ance other hhanotbesabgve.1s

Al is not only effective as a deoxidizing agent but
also enhances the aging-resistance by fixing N, which is not
fixed by B, in the form of AIN. As the content of sol. Al,
0.02% or more is required. On the other hand, since
excessive addition increases manufacturing cost, the upper
limit of sol. Al is set to 0.1%.
[0020]
N: 0.005% or less

N is an element of aging a hot rolled steel sheet, and
a smaller content thereof is more preferable; however, an
excessive decrease causes a remarkable cost increase. 1In
the present invention, since B and Al are added to fix N,
when the content of N is 0.005% or less, its adverse
influence can be ignored, and hence the upper limit is set
to 0.005%.
[0021]
Nb+Ti: less than 0.005%

Since Nb and Ti are each a powerful recrystallization

suppressing element, if these elements are excessively



conponents includes Fe and inevitable inpurities. As the inpurities, for
exanple, 0.02%or less of Cu and 0.02%or less of Ni. may be contai ned. [0023]
2) Average crystal grain diameier The average crystal drain diameter
must be set in a range of 12 to 25 pm The reasons for this are that the
average crystal grain dianeter is less than 12 pm the yield strength is
increased, and the formation is difficulit to perform and when the average
crystal grain dianmeter is nore than 25 pm rough surfaces are generated in
press formng. In addition, the average crystal grain diameter is nore

pr ef er abl

ani sot r op B%QFﬁgéagggggg rééﬁ%?’&%% %?I &5@3#&?&%2@2%@% 1E€$I ‘gé\?ﬁgi?‘or mul a
(D 1o mcs, 4130:0,25, heovield oL graw Lo decreases, o eice the
oLz, SO EPLEETL HipgbeaRiiobdeehic o sreokl poabscctian ©
o o, CERERb TR e e sl athaLanil ot Vgbue b e st on (60
or more iQprtermeof rhedHet E8NhQvEe a smaller grain diameter, and the

elongation thereof is decreased. Although a smaller amount

of Nb+Ti is more preferable from the point described above,

when the total content of Nb and Ti is less than 0.005%, the

above adverse effect can be ignored; hence, the upper limit

of Nb+Ti is set to less than 0.005%.

[0022]

B: 0.0003% to 0.0020%

B is an element to improve the aging-resistance by

fixing N. In addition, since B has a function of

appropriately coarsening crystal grains and also has an

effect of suppressing a decrease in elongation caused by

decreasing the size of crystal grains, the content of B must

be 0.0003% or mecre. On the other hand, since the |Ar| is

increased when B is excessively added, the upper limit

thereof is set to 0.0020%.

In addition, the balance other than the above
components includes Fe and inevitable impurities. As the
impurities, for example, 0.02% or less of Cu and 0.02% or

less of Ni may be contained.

[0023]



formng load. In addition., the steel sheet of the present invention is a hot
rolled steel sheet, and the average 3 Lankford Value is approximately 1.0 or
| ess. [0025] ) AI'S; 20 MPa An agi ng i ndex AT indicates, after a hot
roiled steel sheet is pulled at an elongation rate of 7.5% the difference in.
tensile stress before and after an aging treatnent perforned at 100C for 30
mnutes. In addition, since a yield-el apgati on phenonenon nay occur in sone
cases after the aging treatnent, strictly, a |lower yield stress after the
aging treatnment or 0, 2% proof stress is used( Wen the aqginc index Al exceeds
20 MPa, since_the materi al gualit .S chgnged during transportation or coi
storage, thé Pre&edform’ig@toRlrti'ons®RG5F be optim zed; hence, the product
cost is increased. On the other Qanda.if theeég i%uZ ansg Lgss, since the
chance in mat et Pl 2Huat 7T y© Chtses P pr obf &hs. ot nE i's S8t to 20 MPa or |ess
and nore preferably,set MRa_ or [ ) t UrLNg process
an S 8?b¥2. %o Egyﬂng Thl a:% ns 9(91_26&1(11{%()&%%%1%% whEf

On a steel “s§P&b“obt 4i ried asting s prepare e conponent

composi 11 0fcr anges deseribed ghove. q3ahbial passeal Rebnrebling was performed

at arolling tenpe C or nore and a reduction rate of 15% or

more i mediatgl ¥ akherncast i n9 QL skt ebnhehgat ikBena$PORt aBeEUF rGRRLItNG IS
performed for 0.5 to 10 seconds afe 14 - the hot rolling is conpleted,

cooling isosyhsequgant byg peehorAedaterd68CceKskassqgatia caahich@ r ate of
20" C/sec or nore, and coiling is then perforned at a tenperature of 590C to

700C Al thgugh thahS2BOLimNeeessar ¥yut@apakt bewl gehyrdetinent heealoo reheating
tenperature, reheating nust be performed under condition which can ensure a
fini sh rokbichantyenpets addd et aad, | Shgenesahdy Eeyioshedratnadiemperat ise of
1,0500 to 1,300C. [QU27) In a hot rolled steel sheet added w thas discl osed
more preferably in a range of 12 to 23 pm.
[0024]
(3) |Ar|<0.25
When the planar anisotropy |Ar| of the average Lankford
Value represented by the following formula (1) is more than
0.25, the yield of draw forming decreases, and hence the
fAr| must be set to 0.25 or less.
Note
|Ar|=| (rot+rep—2ras) /2| Formula (1)
In this formula, rp represents the Lankford Value in a
rolling direction (RD), r¢p represents the Lankford Value in
a direction (TD) perpendicular to the rolling direction, and
rys represents the Lankford Value in a direction (DD) at 45°
to the rolling direction. The average Lankford Value 1is
preferably set to 0.8 or more in terms of reduction of

forming load. 1In addition, the steel sheet of the present

invention is a hot rolled steel sheet, and the average



in the present invention, in order to reduce the in-- planeanisotropy thereof
while the crystal grain dianeter suitable for press formng is naintained, it
Is inportant to optimze the finish rolling tenperature and reduction rate,

the cooling conditifln after the finish roiling, and the coiling tenperature.

[ 00231 The present inventors investigated the rel ationship between the
Ar; of a -containing hot roiled steel_ sheet having the conposition as
descri bect above and the roll lug tenperature of the final pass of hot ran:In

this enbodi ment, the final pass of hot-rolling indicates a final. pans, that
is, a finai reducing stand, in finish roiling of hol -rolling, and. the
roal i ng t eAPEFALHI E2¢HPsoScaPPERXAMAERAYSH - FoPFi AGSCenperature) is a
tenperaturg 2% an outlet side of this reducing stand. As a result, it was
found that "CA8'I Arl of the hot rolled steel sheet decreased as the rolling
tenperatuqﬁ)oélggﬁ &Enal pass was increased fromthe Ar?" point, and. at. a
tenperature’or A'r3 OC or nore, the | Ari showed an appr oxi mat el y const ant

val ue. Al though the. fof-this. ot I I r , When the
rolling tenperg?urild$afﬁ£e i%%lb%géggﬁggfna? %Pv%cﬁﬁft§og?g§hgkﬁgg3 poi nt,

the r.a yalue ol bhe Largul an( 1) ohSatargetothanst he sk yalue and the rgo

val ue, and as t i ng tenperature inal pass is increased, the ro

val ue andgt hecr-9Q-uakderareihncreased Waicheot Bedr olrcEr W@l We iing; decreased, so
that the I Arl of the formula (1) decreases; hence, it is estimated that the

effect of tredugiRg bherbAnkdi stsaburat edrato anihepper atiuf ex it hen Arti point +
50C. [0029] Accordingly, in the present invention, in order to reduce the
Ar;" the tinak pagseis-pebhgraiednaphanbighonohkiyngcarpenatswie @fasArs31-50C or
nore. However, the finish rolling tenperature is preferabT,y set to 950C or

| ess in tefperotheedychbonrebtseake kayerslyl naaddiwkiroiecilnl the gpresent

i nvention, after the finish rolling,, spontaneous cooling is perforned for a
pr edet er nefedrt the. afhegr easenmbor bhi §.28 phabfi stoeder itso udecr.ease the i Arl,
a processed austenite structure formed by finish rolling is recrystallized in
an aust enWhenr égeoagtogr ander 2é theecedggr€giife , stsiucturtde ArRtehiisilst age,

sl Thce the recrystallization of the processed austenite structure is no enough
when the SpehtaiiedascbasbrAgdisiper toppbaorsatiess ortharid. Steeesivds after the
finish rolling, in the present invention, the cooling tinme. is set to 0.5
seconds ofNApPESSE0H3OTNY COPRERIPRE MiAtsRe PBICETAGSTS pércSnédieat a hi gh
tenperature, and the spontaneous cooling is then performed for a_l ong period

o] f
of time aBrdestri peat éBo%@Fr?ﬁéeﬁATlO?st@%c?E%EEd?aﬁgme%grFhﬁxééséﬁve coar se
cramn fOE gkon ichis. a ch%hactﬁr of B—-adied.s&eel, o%purs, and as a
result, a H? & PorhedS pPoHGEt “hss CPEGGR. T8uPfacéd ! Aedrder FYSES ve this
problem the final pass,redquction. rate. (reduction rate in the final. pass) is
set to 15&@0Prﬁ§?3m§hd%98rggp%gfSsgbﬁﬁ ﬁéwﬁgFeo oﬁﬁﬁgrgggeHFﬁg nunber of

recrystalé%é?ék§§lgtsgkeko apdythe cogling time after the final rolling is

further s conds or | ess and preferably less than 3 seconds to
suppr ess qbgzgaain growm h. of austenite grains, so that the size of crysta
grains after the farrtransformation is controlled in an appropriate range.

(5) Manufacturing process

On a steel slab obtained by casting steel prepared to
have the component composition ranges described above, a
final pass of hot rolling was performed at a rolling
temperature of Ar;+50°C or more and a reduction rate of 15%
or more immediately after casting or after reheating,

spontaneous cooling is performed for 0.5 to 10 seconds after



I n addi tion, the above reduction rate is preferably set. to ....than 25%in
0.,--der to inprove the steel-sheet shape. [00311 After a predeterm ned
hol di ng. (spontaneous cooliha) tinme passes, cooling is perforned to 700C or
less at a cooling rate of 20'Ciseo or nore, and coiling is then performed at
590cO to 700'0, In order to suppress the grain growh during cooling, the
cooling rate nust be set to 20' C/sec -origmere. In addition, when the coiling
tenperature is nore than 70000, the surface conditions are degraded by scal es
generated during codling, and when the coiling tenperature is |ess than 590C,

i th ds.20 MPa, th h [ t er.i al It duri
Cr anspor t BP0 ohndCit 6P g TRAPLFGER, PREMGBN i POTBEPRIrg s sat in a.
range of 530CL0F00C 1088ccol! 100, L Mmer ab e, s, pref g abhy. B25C op more. I
addition, “In"order to avoid a. Targe cosSt increase, In eeneral, The upper

limt of Ig@?eab?}éé 889'1&@% %@t €nks BABREOXLIRE %ltya5‘%%§{g%‘%%rtu[r%0%2f] For ‘the

hot rolle St ée sheet 0o e present invention, properties of a. pickled
material gpgemof, dvééc@:r.enmftheﬂphh%eigf ndtbhack samt-er irdl ool ;addifiap, even
when hot dip galvanizing is performed after pickling or on a black materi al

whi ch. isgBetnpreeessedvBy rehekking, teapRr-aRLeEs eeuhi: iNldt heugh eondi tions
for tenper rolling are not particularly limted, since the elongation

per f or manger@bracst agbematendak ibs degeadednwaerut-le selfangatd o naitrgy t her eof
is too high, the-elongation rate of tenper rolling is preferably set to 2% or
l ess, - E@8B3tature ahA addigkhemallllepketforakldedtsteelenrsheett ofe tdre present
invention is a soft hot rolled steel sheet. suitable for deep draw ng
applicati onoha¥ ngo al ys@ld W .stress of approzlmately 250 MPa or | ess and a sheet
t hi ckness of approximately 2 to 6 nm [ Exanples] [0034] (Ezanple 1)

After steéPORAVi ng conponents shown in Table 1 was forned, and a worKking
For.nmaster test piece having a dianeter of 8 nmand a height of 12 mm was
obt ai ned t her efrom byt cuetiad heatingheot1addec, webol Pngst 61950es& a. cool i ng
rate of |1 OcC/sec, conpression at 950C at a strain of 301, and coolind to 200C
at a cobl thqthat Br6Fe1O0CI88ENREPE / péPf OFREd 6 T1FEVa0FESt dst Pidét%® in this
order. The Arj point neasured froma therml expansion curve in cooling was
823C" Aft BR1ERFSOBYebRChasthelied £6°19606 ol P iPrg Was et orded under

t he condi%ions shong in.Tabl.e 2, .so that a”thot roile s%e%] sh%gt” havi ng a
t hi ckness*8f B 2°FM R&E 86t é?n@&?ngt’j‘éﬁ@f' +t 1S important to optimize

the finish rolling temperature and reduction réte, the
cooling condition after the finish rolling, and the coiling
temperature.

[0028]

The present inventors investigated the relationship
between the |Ar| of a B-containing hot rolled steel sheet
having the composition as described above and the rolling
temperature of the final pass of hot rolling. In this
embodiment, the final pass of hot-rolling indicates a final
pass, that is, a final reducing stand, in finish rolling of
hot-rolling, and the rolling temperature (also called a

finish rolling temperature) is a temperature at an outlet



After the hot rolled steel sheet thus obtained was processed by pickling,
tenper roiling at an elongation rate of 1% was perfoxned, and eval uation of
mechani cal properties " 1:9 and texture observation were perforned. For the
eval uati on of nechani cal properties, a No. 5 test piece of 315 2 2201 (1998)
was obtained along a rolling direction (RD), and a tensile test was perforned
in accordance with JIS Z 2241 (1998) .- [10036] For measurenent of the
Lankford. Value, NO 5 test pieces of JIS Z 2201 (1998) were obtai ned al ong
the roiling direction (RD), a. direction perpendicular thereto (TD), and a.

direction at 45 to.the rolling directi d t f or ned
at. o stratfAcon T80 o1 ReAUA PPoR >Becor B iy 167 Che fof ndFa [3Y70t RESC, 1 or was
bt ai ned. [ 00371 luatian of the AL, aft _ 5 test. pi f
L1 552 2201 (16659 “wabCoBtA: AB Sr0RG EheSFOFFi AGCAPFREt] 67 (D), a heat.

t t t : 3 1 nut - - St rai f. 7,5%
appli 0, S0 00| GaTPaASGaESpaFT bl Hod 1By Re i 1S SAed BeCiead The M 1 ose.

(stress uagn gopue: siual o of 7onohpas, ApRLE o) haleer 6.t g heat s eptrent and

the yield stress after. e heat treatnent, The 's eet at a.

position QfokbAd Lhi gkpessihAtaidepbisdibnectboncvasy et chedhushnga-80hal
solution, and the average crystal grain dianeter was neaSured in accordance

with a cutbi-ngniet hed deschiebedciBadh$ GnB2%23t68998)/hehhene esulitigy are al so
shown Tabl e 2.

temperature of the final pass is in the vicinity of the Ar;
point, the rys value of the formula (1) 1s larger than the rg
value and the rgy value, and as the rolling temperature of
the final pass is increased, the rg value and the rg; value
are increased while the rys value is decreased, so that the
|Ar| of the formula (1) decreases; hence, it is estimated
that the effect of reducing the |Ar| is saturated at a
temperature of the Ar; point + 50°C.

[0029]

Accordingly, in the present invention, in order to
reduce the |Ar|, the final pass is performed at a high
rolling temperature of Ar3+50°C or more. However, the finish
rolling temperature is preferably set to 950°C or less in
terms of reduction of scale layers. In addition, in the
present invention, after the finish rolling, spontaneous
cooling is performed for a predetermined time. The reason
for this is that in order to decrease the |Ar]|, a processed
austenite structure formed by finish rolling is

recrystallized in an austenite region to randomize the
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aggregate structure. At this stage, since the
recrystallization of the processed austenite structure is
not enough when the spontaneous cooling is performed for
less than 0.5 seconds after the finish rolling, in the
present invention, the cooling time is set to 0.5 seconds or
more.

[0030]

When the finish rolling is performed at a high
temperature, and the spontaneous cooling is then performed
for a long period of time as described above, the |Ar| is
decreased; however, excessive coarse grain formation, which
is a character of B-added steel, occurs, and as a result, a
press formed product has rough surfaces. In order to solve
this problem, the final pass reduction rate (reduction rate
in the final pass) is set to 15% or more and more preferably
20% or more to increase the number of recrystallization
nuclei, and the cooling time after the final rolling is
further set to 10 seconds or less and preferably less than 5
seconds to suppress the grain growth of austenite grains, so
that the size of crystal grains after the ferrite
transformation is controlled in an appropriate range.

In addition, the above reduction rate is preferably set
to less than 25% in order to improve the steel-sheet shape.
[0031]

After a predetermined holding (spontaneous cooling)
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time passes, cooling is performed to 700°C or less at a
cooling rate of 20°C/sec or more, and coiling is then
performed at 590°C to 700°C. In order to suppress the grain
growth during cooling, the cooling rate must be set to
20°C/sec or more. In addition, when the coiling temperature
is more than 700°C, the surface conditions are degraded by
scales generated during coiling, and when the coiling
temperature is less than 590°C, since the AI exceeds 20 MPa,
the change in material quality occurs during transportation
and storage. Therefore, the coiling temperature is set in a
range of 590°C to 700°C. The coiling temperature 1is
preferably 625°C or more. In addition, in order to avoid a
large cost increase, in general, the upper limit of the
above cooling rate is approximately 500°C/sec.

[0032]

For the hot rolled steel sheet of the present invention,
properties of a pickled material are not different from
those of a black material. In addition, even when hot dip
galvanizing is performed after pickling or on a black
material which is not processed by pickling, no problems
occur. Although conditions for temper rolling are not
particularly limited, since the elongation performance of a
steel material is degraded when the elongation rate thereof
is too high, the elongation rate of temper rolling is

preferably set to 2% or less.
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[0033]

In addition, the hot rolled steel sheet of the present
invention is a soft hot rolled steel sheet suitable for deep
drawing application having a yield stress of approximately
250 MPa or less and a sheet thickness of approximately 2 to
6 mm.

[Examples]
[0034]
(Example 1)

After steel having components shown in Table 1 was
formed, and a working Formaster test piece having a diameter
of 8 mm and a height of 12 mm was obtained therefrom by
cutting, heating to 1,200°C, cooling to 850°C at a cooling
rate of 10°C/sec, compression at 950°C at a strain of 30%,
and cooling to 200°C at a cooling rate of 10°C/sec were
performed on the above test piece in this order. The Ar;
point measured from a thermal expansion curve in cooling was
823°C. After this steel was heated to 1200°C, hot rolling
was performed under the conditions shown in Table 2, so that
a hot rolled steel sheet having a thickness of 3.2 mm was
obtained.

[0035]

After the hot rolled steel sheet thus obtained was

processed by pickling, temper rolling at an elongation rate

of 1% was performed, and evaluation of mechanical properties
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and texture observation were performed. For the evaluation
of mechanical properties, a No. 5 test piece of JIS Z 2201
(1998) was obtained along a rolling direction (RD), and a
tensile test was performed in accordance with JIS Z 2241
(1998).

[0036]

For measurement of the Lankford Value, No. 5 test
pieces of JIS 7z 2201 (1998) were obtained along the rolling
direction (RD), a direction perpendicular thereto (TD), and
a direction at 45° to the rolling direction (DD), and
measurement was performed at a strain of 15%. In addition,
according to the formula (1), the |Ar| was obtained.

[0037]

For evaluation of the AI, after a No. 5 test piece of
JIS Z 2201 (1998) was obtained along the rolling direction
(RD), a heat treatment was performed for 30 minutes at 100°C
after a pre-strain of 7.5% was applied, and evaluation was
performed by the difference between the stress (stress when
a pre-strain of 7.5% was applied) before the heat treatment
and the yield stress after the heat treatment.

[0038]

The steel sheet at a position of 1/4 thickness in a
depth direction was etched using a nital solution, and the
average crystal grain diameter was measured in accordance

with a cutting method described in JIS G 0552 (1998). The
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results are also shown Table 2.
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[ 004i ]

present invention,

rol |l ed steel

According to conditions B, C, G and H of the exanples of the

t here was obtai ned a hot sheet of soft/high

ductile properties having a yield stress YP of 220 MPa or |ess and an

el ongati on El

of 48% or

nor e;

suf ficient

ing- esistance having an AT of 20

MPa or less; and a snall anisot.ropv having a /_\3: of 0.25 or less, In

addi tion, the avera w0 FBu O tNe nat steel sheets
manuf act ured under tlhe Z G @RI of 2t € wyanpF ed of the
present invention E\eLs Lz alo 51@%@& hence the
generation of rough |sur SR £ pIR S &1‘%@ FE|t hernore, it
was found that sinc 5 Baf|E B Stife [ﬁ]&iﬁi ns E, C, and H
of the exanpl es of tlhe prese|8 Tvent i 8n \89r 8e iIch 6258 08 mp(?)e, the Al of
each of the hot roll[gg Stgel|sheers thus pbtai ngd was [I0 MPa|or |l ess, and the
agi ng-resi stance wasl 2 Ecul ar |y, superior ., [ Q42] | « | wO ¢ he, dt her nand,
under a condition A |e2ghilchl the $pontlaneows| eoold Ngstli el was rshort,
conditions E and Kiggﬁtﬂsh he|rolll'ing tenperature ofl the Tinall pass of the
finish rolling was ||6w _a bndift i g ' ichithe. reductidn rate of the
final pass of the fini sha ol S | the recrystailigation in the
austenite region did no‘fguf tthe anji sotropy df each of the
hot rolled. steel gheets— ese canditTans yds hi gh, and
the | Arl was nore than G 25. > hotSriold ed; s;tﬁzl sheet s
manuf act ur ed under congiti poptraneoysicoot iAg tine was
long and a condition JWwg > Was<l jow, | INaf ge |[and coar se
grains were formed. |[In acd ef |st,eel sheet, |manufactured
under a condition F.| i §h rat|ux e WaESlless t han 590C, the
Al was nore than 20 [FRa— Streel—ecopt-aini-4g conmponcnt s
shown In Table 3-1 s b wads neasured irn a manner
simlar to that of asgﬁ 2r tlhe |steel was |heated to
1,200C, the final pgss5@t t| ol Fi 1%\\/@ performed at a
reduction rate of 22%a@iH C,C sp8nt &nedls Ldol i ng was t hen
performed for 4.2 seco‘ﬁ@ ng,| cool i ng was [subsequently
performed to 630C at| a. Fcool b, and [coiling wds then
performed w thout any @dditi The nechani dal properties,
the Lankford Val ue, [t h&ULAB, tall gram n diagdter of each of
t he obtai ned hot-rolll ﬁ@ﬁee e€d |bY et hods <sijmilar to those
of Exanple 1. The r¢gsubts*-ar e 3-2.| -|25|- ,| REMARKS 1
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[0041]

According to conditions B, C, G, and H of the examples
of the present invention, there was obtained a hot rolled
steel sheet of soft/high ductile properties having a yield
stress YP of 220 MPa or less and an elongation El of 48% or
more; sufficient aging-resistance having an AI of 20 MPa or
less; and a small anisotropy having a |[Ar| of 0.25 or less.
In addition, the average crystal grain diameters of the hot
rolled steel sheets manufactured under the conditions B, C,
G, and H of the examples of the present invention were each
within a range of 12 to 25 pm, and hence the generation of
rough surfaces may not occur in press forming. Furthermore,
it was found that since the coiling temperatures under the
conditions B, C, and H of the examples of the present
invention were each 625°C or more, the AI of each of the hot
rolled steel sheets thus obtained was 10 MPa or less, and
the aging-resistance was particularly superior.

[0042]

On the other hand, under a condition A in which the
spontaneous cooling time was short, conditions E and K in
which the rolling temperature of the final pass of the
finish rolling was low, and a condition I in which the
reduction rate of the final pass of the finish rolling was
low, since the recrystallization in the austenite region did

not sufficiently progress, the anisotropy of each of the hot
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rolled steel sheets manufactured under these conditions was
high, and the |Ar| was more than 0.25. 1In addition, in the
hot rolled steel sheets manufactured under a condition D in
which the spontaneous cooling time was long and a condition

J in which the cooling rate was low, large and coarse grains
were formed. In addition, in the hot rolled steel sheet
manufactured under a condition F in which the coiling
temperature was less than 590°C, the AI was more than 20 MPa.
[0043]

(Example 2)

Steel containing components shown in Table 3-1 was
formed, and the Ar; point was measured in a manner similar
to that of Example 1. Subsequently, after the steel was
heated to 1,200°C, the final pass of the finish rolling of
hot rolling was performed at a reduction rate of 22% and a
temperature of 875°C, spontaneous cooling was then performed
for 4.2 seconds after the finish rolling, cooling was
subsequently performed to 630°C at a cooling rate at 25°C/sec,
and coiling was then performed without any additional steps.
[0044]

The mechanical properties, the Lankford Value, the AT,
and the average crystal grain diameter of each of the
obtained hot-rolled steel sheets were measured by methods
similar to those of Example 1. The results are also shown

in Table 3-2.
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l. 9 8 - 26 - 27 - [0046] According to steel Nos 3 and 4 An wh.ich
t he conponent conpos4tion of the present invention was satisfied, there was
obtained a hot rolled steel sheet of soft/high ductile properties having a.
yield stress YP of 220 MPa or |less and an el ongation. El of 43%or nore;
sufficient aging-resistance having an Al of 20 MPa or |ess; and a snal

ani sotropy havingl Ari of 0.25 or less. 2m-addition, since the average crystal
grain diameter of the hot rolled steel sheet of steel. No. 3 was 20 pm or

| ess, the probability of formation of rough surfaces was smaller. [0047]

t he other Q%%% in steel No. 2 in which the anobunt of C was high, the average
crystal # gf t he hot roIIed steel sheet was fine, and the yield strength

ves | ncr eased. abloshecl Mo Bim Walch the, gmpuny of: 2,ves. SEBEL. Lhe average

crystal grain o ed steel Sheet was |arge an n stee

6in “h'cggﬁggsﬁgggﬂtgfthQb %Qelk %ﬁ%@n%?%ﬂewéedsékﬁéklga %hb&'“h'Ch the

anount of |'arge, since t e recrystallization in the alstenite region did

not suffigienthy pregrgssott E‘%l@@HSQEE@@ysﬁtee‘i:h%fhgbfrtqwl%g st.eel; ;gheet was
hi gh, and the | Arl was nore than 0.25. En addition, in stéeel No. 7 in which

t2 BeMaggunbr@beBtm@g sHelihg, at el atrthe Rot orobredysteel sheet as more than
an elongation El of 48% or more; sufficient aging-resistance
having an AT of 20 MPa or less; and a small anisotropy
having a |[Ar| of 0.25 or less. In addition, since the
average crystal grain diameter of the hot rolled steel sheet
of steel No. 3 was 20 um or lesé, the probability of
formation of rough surfaces was smaller.
[0047]

On the other hand, in steel No. 2 in which the amount
of C was high, the average crystal grain of the hot rolled
steel sheet was fine, and the yield strength was increased.
In steel No. 5 in which the amount of P was small, the
average crystal grain of the hot rolled steel sheet was
large and coarse. In steel No. 6 in which the amounts of Nb
and Ti were large and steel No. 8 in which the amount of B
was large, since the recrystallization in the austenite
region did not sufficiently progress, the anisotropy of the
hot rolled steel sheet was high, and the |Ar| was more than
0.25. In addition, in steel No. 7 in which the amount of B

was small, the AI of the hot rolled steel sheet was more

than 20 MPa.



;I ndustrial. Applicability] [0048] According to the present invention,
when a 0-added hot rolled steel sheet for processing is added with 0,01%to
0,03% of P, is then processed by a. final pass at a reduction rate of 15% or
nmore, and is subsequently processed by spontaneous cooling for 0,0 to 10
seconds, a hot roiled steel sheet having, besides aging-resistance and
soft/high dactie properties, an inproeveg i-Arl w thout causing excessive coarse
grain formation can be obtained., CLAIM [Caiml] A hot rolled steel
sheet containing, on a percent by nobs basis, 0.03%to 0,07% of C, 0.1% or

| ess of Si 05%.t . 5% of , M1, 0,01%to 0,03%o0f 2, 0,03%or |oss of S

0, 02% to[SP%}oﬁgFlégl gpﬁ}cé?%@%%’%r less of N, less than 0, 005% of t4b+li.,
0,0003@6t20949 20% of S, and the bal ance being re and inevitable inpurities,
wherein an average crystal grain. dianeter is in a range of 12 to 25 hm and

I'Ari 5,10, 25. ﬁ@goréiﬁgzpb“4ﬁ@"p£@%ékt[fl@éﬂ%igé, when a B-added hot

rolled steel sheet for processing is added with 0.01% to
0.03% of P, is then processed by a final pass at a reduction
rate of 15% or more, and is subsequently processed by
spontaneous cooling for 0.5 to 10 seconds, a hot rolled
steel sheet having, besides aging-resistance and soft/high
ductile properties, an improved |Ar| without causing

excessive coarse grain formation can be obtained.



A nmet hod for manufacturing a hot rolled steel. sheet conprising the steps of
pertormsig a. final pass of hot rolling on a steel slab which contains, on a
percent. by mass basis, 0,03%to 0,07@@059C3 0.1%or less of Si, 0.05%to 0,5%
of ME, 30 0,01%to 0.03%o0ir 0, 0.03%or less. of S, 0.02%to 0,1% of sal,.
A, 0.005* or less of N, |less than 0.005% of Nb4.Ti, 0,0003%to 0,0020% of 13,
and the bal ance being Fe and inevitable inpurities et a roiling tenperature of
An24-50' C or ngre and. a. reduction raéﬁéﬂ%%1596or nmere; performnp

spont aneous cooling for 0.5 to 10 seco ter the hot roiling; then
performng cooling to 700C or less at. a cooling rate of 20h:/see or nore; and
perform ng répﬂ?h% bt a tenperature in a range of 590C to 700C, where-in an

average crystal grain dianeter 13 in a range of 12 to 25 nm enck | Anl C, 75 and
AT3120 Ma hol d, A hot rolled steel sheet containing, on a percent by

mass basis,

0.03% to 0.07% of C,

0.1% or less of S8i,

0.05% to 0.5% of Mn,

0.01% to 0.03% of P,

0.03% or less of S,

0.02% to 0.1% of sol. AL,
0.005% or less of N,

less than 0.005% of Nb+Ti,
0.0003% to 0.0020% of B, and
the balance being Fe and inevitable impurities, wherein an

average crystal grain diameter is in a range of 12 to 25 um,

and |Ar|<£0.25 and AI<20 MPa hold.

[Claim 2]

A method for manufacturing a hot rolled steel sheet
comprising the steps of performing a final pass of hot
rolling on a steel slab which contains, on a percent by mass
basis,

0.03% to 0.07% of C,
0.1% or less of Si,

0.05% to 0.5% of Mn,
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0.01% to 0.03% of P,

0.03% or less of S,

0.02% to 0.1% of sol. Al,

0.005% or less of N,

less than 0.005% of Nb+Ti,

0.0003% to 0.0020% of B, and

the balance being Fe and inevitable impurities at a rolling
temperature of Ar;+50°C or more and a reduction rate of 15%
or more; performing spontaneous cooling for 0.5 to 10
seconds after the hot rolling; then performing cooling to
700°C or less at a cooling rate of 20°C/sec or more; and
performing coiling at a temperature in a range of 590°C to

700°C, wherein an average crystal grain diameter is in a

range of 12 to 25 pm, and |Ar|<£0.25 and AI<20 MPa hold.



