19 Oct ober 2004 AUSTEN TI C STAI NLESS STEEL EXCELLENT I N FI NE BlLiAMNSABLLIoBY
BACKGROUND OF THE | NVENTI ON 5 The present invention relates to an
austenitic stainless steel excellent in blankability, especially fine

bl ankabi lity. Shear process, especially blanking, with a press has been

Peel “and_ 10" nont o1 rous met al MLy AT eSS S-SR GBban b of {1 ci ently

sized to an objective shapg: , bl anki ng i s rugged
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wi th poor dinensional accuracy, a net y “to be drooped at
its broader surface, and thickness of the netal sheet is reduced at a part

near the bl ankin | ane. 15 When bl anking is adopted to a process for
manuf act uri ng Q%&QUN%FCﬂHmNWQGMi mensi onal accuracy, a bl anki ng

pl ane is ground by ost-treatnent such as barrel finishing. Such
post-treat Rent is bakitapieyentexnyentpmoceiseanth causest@ate ptadises i sebly. | n
this regard, a_fine hlgnking. nethod has, been ado_ﬁ)_t ed for manufacturing a
pioduct with H§ QZH’IB?DE‘%W&? Wty esrecigllychine blankpbility.ne bl anki ng met hod,
clearance is determned at a very small value to suppress formation of a
fracture plane, and inflow of netal is suppressed to reduce generation of

droopi ng during bl a@ﬂé&@-pr@bs%h@sp%kﬁ%r ﬂigﬁﬂinﬁskv%hng &)? s8> aese{)?ﬁq]gs }e%ntoused

so far for use exposed to a corrosive or high*tenperatiure a

Especi al |y, SUS30s RmdsSoff @Rtels eRéatt i(@hSiRhhess §t§e§§|st§m11:e§sb%€eei QYpgsuch
use. SUS 304 austenitic stainless steel is hard material, so a [ife of fine

bl anki ng dPes noxnferons enethl, karcdndss noftaSlBe&@4cal SeeatficiehtBt aifless st eel
al so causes in%r_ea,se of aratio of a fracture plane, which degrades quality
of a bl anki n§PHickYE, shapendioweysr, s elanes forsfeddho blpinking By enggdd waths pear

plane is i 1 9.Cctaober,2004 fornmed with high dinensional accuracy by
bl anki ng, a \/vcgﬁir1 %eﬁam@g%tacf%raﬁ?”g?ué?et\gbﬁgﬁ‘?te’(f Vﬁ?lﬁ tg b“(:élé‘f‘)ppératbit&ryh@?fbar

common steel. sﬁ%(agntahagtlﬁp%% digsadv SUS 304 austenitic stainless
steel is blanked by a usua mstshodﬁlgng{%t%lggﬁegertolgnlﬁf%%?g nﬁfpﬁ% d’reiaﬁghﬁ
product whi ch bddaltihghange. a 5 bl anki ng pl ane wi th hi gh di nensi onal
accuracy. SUMMARY OF THE | NVENTI ON The present invention ains at provision
of an ausi@enitic staVheeddastiegls alopteliitol pakteniongnaaiecairaty higryd@fs an
austenite phase are controlled so as to increase a ratio of a shear plane,
especi al |y suittdph enqeds highe dnemséonaj. a¢owraes or ddauleing phinanisagpeatd of t he
invention, there js F{Eov%deglpa agst‘e iIi_%c;Bstai nl ess steel, which has an -
excel | ent prop8rt kfef" PhEUBE Ak Bditet EpisiiRgi Speh post treeimeniis Bgsicslly. 060
mass % Si Upl@alefd 9 up to 5.mass. %, S.up to 0. 00 s % 15-20
mass % Cr, 5- eerErlljfss c%o algng/éﬁl“\@ueps EOQOI.Sp rrcr’ﬁlrs{atl%ty 'oI|5‘t f}l}ﬁgﬁgﬁﬁi’ Lﬁogflgﬁ?‘bklﬁﬁss %
and the bal aneetheédNthas been adopted for manufacturing a product with high
20  dimensional accuracy. In the fine blanking method, clearance is determined
at a very small value to suppress formation of a fracture plane, and inflow
of metal is suppressed to reduce generation of drooping during blanking.
On the other hand, stainless stee! has been used sd far for use
exposed to a corrosive or high-temperature atmosphere. Especially, SUS304
25  is representative stainless steel suitable for such use. |
SUS 304 austenitic stainless steel is hard material, so a life of fine
blanking dies is shortened. Hardness of SUS 304 austenitic stainless steel

also causes increase of a ratio of a fracture plane, which degrades quality of

a blanking plane, as well as increase of drooping. Even.if a shear plane is



essentially Fe except inevitable inpurities, under the conditiop dddk So0a
val ue Mdso which represents a ratio of a strain-induced martensite phase,
defined by the under-nentioned fornula is adjusted within a range of-60 to
-10, which has netallurgical structure minimzed to #8 to #10 by grain

si ze nunper.; MiB ﬁlgg Sdﬁg%n_éu s%(aggMc%%go?%%{%n%é N g&%{gégoﬁ%g}%hé%pé%e 6}21&5 The

austenitic 'stain el s na
i nvol vin tz.rallin anneal i ng,..picklin cold-rolling and finish
anneal i n‘%spprpg{%g 8?”%?8? %ﬁ%s‘écqu [ yJE‘égeidﬁggvan@éFsdgﬁéI3p%g“5§?nétﬂ°e“"il’éless
referably . caontrol]ed at a yalue of 20% or nore_ as Vickers hardness. The
gt ai nl es%g%fsgg‘f‘mﬁea&' Agsuel WF*\S(‘HdélPﬁ\ QF@@“@‘?@E@“P%faﬁPEF%‘F Bisdyet sk shalbhasg to a
metal lurgical structure of grain size nunmber (regulated in JI'S G0551)
wi thin a ¢ Blglengplage with highydipensiogaiacprpoN OF THE DRAWNGS Fig. | is a
schematic view Fig. | is a schematic view for explaining generation of
drooping in a blanked piece and positions for detection of drooped parts. 2
19 Cct OM%ET@WVEN%BW“ c view for explaining formation of a
shear plane at a bl anking plane of a product and positions for measuring
t he shear pl Hepresehignvedtips aimsg ppovisnolian gustenitel sdinlessstel) iro#hivhl Seftevigu e
wth aratio 5 of a shear plane. Fig. 4 is a graph showing a relationship
of (C+1/aMstabilithofanramtteniteqfhage ars bemrollpd s to Hicgeasda tasio af gElaphplafOW ng a
relationship of S content with a ratio of a shear plane at a cl earance
rati o ofesgéiallyQuitable fob fihsblanligigph showi ng a rel ationship of S content with
aratio of a shear plane at a clearance ratio of 5% Fig. 7 is a graph

showi ng a r el Rttansdipwih aVhphros RANCRASS, tMérk b Rovidditd Qushnisft Shifas pl ane.
Fig. 8 is a graph showing a rel ationship of hardness increase caused 15 by
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adjusted within a range of -60 to -10, which has metallurgical structure minimized to #8 to #10 by

grain size number.

Md3o = 551-462(C+N)-9.25i-29(Ni+Cu)-8.1Mn-13.7Cr-18.5Mo

The austenitic stainless steel is manufactured by a conventional process involving hot-
rolling, annealing, pickling, cold-rolling and finish annealing. A ratio of hardness increase in a
cold-rolled state is preferably controlled at a value of 20% or more as Vickers hard.ness. The
stainless steel in the finish annealed state is preferably conditioned to a metallurgical structure of

grain size number (regulated in JIS G0551) within a range of 8-11.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view Fig. 1 is a schematic view for explaining generation of
drooping in a blanked piece and positions for detection of drooped parts.
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ductility, conpared with an austenitic (y phase) matrix. EXceSSigu$:tober 2004
generation of the strain-induced martensite ((x' phase) neans degradati on
of 3 19 Cctober 2004 ductility, early occurrence of fracture at a bl anki ng
pl ane and decrease of a ratio of shear plane. |f generation of the
strain-induced martensite (a' phase) is too little on the contrary, the
austeni tic stainl es¥isten a schdrhaikedw &8 esptdining fob@ayiophdseshafreslhgs of
ductility, resulting.in early occurrence of 5 fracture at a bl anking pl ane
and decrease 8 % Plaftkipsgrlashedra praduct But asisionst for meangimmithe chear

stai nl ess steei is well balanced with the effect of the strain-induced
martensite (a'p ap{'rs?ase) on the quality of the fracture plane, so as to

suppress occurrencepf (eJo] o) | ankin |.ane_is i oved.in

di nensi onal accur acy,i)g a:)ﬁgg %%&%\ Fgw&gpgéggnlﬁgﬁhlglﬁpﬁgﬁao 5?%0‘%@5 L8P %nitic
st ai nl ess Bt eef aghed2pAReVari ous all oying conponents at predetermn ned
ratios as follows: (C+1/2N) up to 0.060 mass % C and N are conponents

ef fective for adjusFimgt stapidphtshoafingn relbioadbipest (08 1pNISQithHOWRYESS o
excessive addition of C and N nakes the austenite phase harder due to

sol uti on- har déh‘?adfg?laaﬁd al so makes a strain-induced martensite phase
har der. The har deni Fg& cgauses increase of bl anking | oad and short |ife of
i

dies. Therefore, a Disot erany shaying wedptiprihin@f $t copteowithiss ratio of
|l ess. 20 Si u ) mass % Si_is_an alloying conponent added as a
deoxi di zi ng agesl;ﬂl?a%{) aélessteae‘f{earraé‘tc? ﬁ?ﬁ&ot#%p. Excessive addition of Si makes

an austenig e phase pgJfaefs dufapi thﬁﬂlngha' &?%ﬁ@ﬂﬁqgg)?g coglﬁgnt \ggcilaﬁg?%i? o(f;f Si

d
bl ankabi lity of the stainless ‘steel. Isre upper
content is dehehsanphhnadtath desfgse Yatiddr . up to 5 mass % M is an alloying
component effective for stabilizing the austenite phase and inproving
bl ankabi l ity of theFi & sl ®gsamst elsiwinghesdaabfiddp of bacosre haappedsenithas
i ncrease of Mi confent. But, excessive addition of Mh nore than 5 mass %
causes i ncr ea¥H1OP! H8RPARRIRNEC i ncl usi ons which put harnful 4 19 Cctober

2004 influences on goOrr,0si on resistance .workabjlity. S up to 0.006
mass % A ratio of aﬁ 84p Wrgﬁg %Wén%ﬁé%%r?é‘shpa?fjehﬁrgn?w' s§<LaERd ease
of S congentyy {g}gﬂgﬂfmﬁﬂg witith SR8 RVESoRaLEul i nfluences on corrosion

resistance, 5 which is npSt I nportant property of stainless steel. In this

regard, an upper |Fig. 9 i0fa Sa0BHRRing & rdRERHhILSE @-Freﬁn% HB®$elyith
Especially, for such a product which shall have a blanking plane with high
di nensi onal azcafiacfa sBear plane.

Fig. 10 is a graph showing a relationship of a grain size number
with a shear droop ratio.
20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The inventors have researched from various aspects on the
relationship of material properties of austenitic stainless steel with a state
of a blanking plane formed by fine blanking, and discovered that a ratio of a
25  strain-induced martensite (o' phase) puts a significant influence on a ratio
of a shear plane to a blanking plane.
The strain-induced martensite (o' phase) is harder and inferior of
ductility, compared with an austenitic (y phase) matrix. Excessive

generation of the strain-induced martensite («' phase) means degradation of
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content is preferably controlled to 0.003 mass % or | ess SO as 1b@ctdBer®ase
a ratio of a shear plane. 10 C: 15-20 mass % Cr content of 15 mass % or
nore i s necessary to ensure corrosion resistance of stainless steel. But,
excessive addition of O nore than 20 mass % nakes the stainless steel
harder and put harnful effects on die life. N: 5-12 mass %15 N is an
al | oyi ng el emdwdtilfityy estlgbictimence vhfraciumst eniatldaphiangeplabecind ddeecfefadct is
realized by additign of Ni_at a ratio of 5 mass % or nore. Blankability of
the stainl esst&fi®ef sheay| glgnpnpf @eaaration pt thasyrain-igdueehtresttensitpieler
Ni is an expensive.ele and.rai ses a steel cast, so.that an er limt
of Ni cont entgﬁ‘résegé? é?cgﬁgtgﬁ opthg sopfaLy %%GZWS@EPI% stindessetee %Sélljg edyn
al l oying ele 3 i -' V, : bl ankabi | it and al so
Stani |1 vati onfor @hat aht VBt hEREHERLLSY. RAMERCIR, il RERRhETof o
more than 55 nBast ik RYEShIBAKHU 1ahd hhHHRERIOBE Ho4eivRr KabilditYe. Mo 0-3.0
mass % 25 Mo is an optional alloying elenment effective for | nprovenent of
corrosi on resi st anc8oftibess, ofetteesadtenitdstainlos ofeeMy Wollehdlhase Bwdthess %
makes the stainless steel too harder, resulting in degradation of fine
bl ankabi | i t y. effeapapfhabsrriprinpnessle martensiter ft'i phask) ans thai qualitduefethe
martensite): 60 to -10 5 19 October 2004 An effect of a strain-induced
martensite (a*2pHEEdIaBh 30 palP GUBPress ccREArngs eindrooging. Hihyskienblapkinge is a
result discov - the i.nveptors. from various experinments. Aratio of
the strain-i nﬁ%@gdg)r{r%lp Fassp ed}fngmlﬁﬁgg%‘jcué%cﬁ ’ aBi d@:%ﬁietﬂséirg "8¢&m conponent s
and contepifs of an austenitic stainless steel. 5 In the case where the
austenitic stainless steel is designed to the conposition having the val ue
Mi30 controlled w tThe gropasdeatbtenfit teainks RedlatdRalfs Aarisheaillopidne is
hi gher as expl ained in under-nentioned Exanples, and a blanking plane is
formed with héagphpetientnsi predetemmeimedaytiofas &dllowrsof har dness i ncrease of an
austenitic stagflzifhsteel: 10 20% or nore by Vickers hardness A
col d-rol | ed austidmi}ep &2 0P &assst eel sheet is harder due to introduction
of many transpositiggns u&jng cold roIIin& compared. wi.th an,. nneFIed
sheet which invol ve¥ PBSs 't PEhSSBRORFARs SIS K1q8 ngt SR AT A
caused byjscol Qﬁsrt]g}llﬂté Bake r]?géjﬂlé“b%},e&(i%siv% 4dtitiGn 9{' Cﬁaﬁ{){/{’ R eriPJsetthaL%§en\a:eCker S

hardness, et al ow toward a lower part of a bla I's suppresse _
resulting in plegheChi@izr dduddt®@Rlutn-HAidefiakl Anaf al8arAAIeSS ai 84iRaSQuLSR]

defined by the fornula of [(Vickers hardness of a cold-rolled steel sheet)
- (Vi cker s hardnaesnsté phnsahaskl fhshealening causes increase of blanking load and
short life of dies. Therefore, a ratio of (C+1/2N) is controlled at 0.060 mass %
or less.
20 Siup to 1.0 mass %

Si is an alloying component added as a deoxidizing agent at a steel
refining step. Excessive addition of Si makes an austenite phasg harder due
to solution-hardening, and degrades blankability of the stainless steel. In
this regard, an upper limit of Si content is determined at 1.0 mass %.

25 Mn up to 5 mass % |

Mn is an alloying component effective for stabilizing the austenite

phase and improving blankability of the stainless steel. These effects become

apparent as increase of Mn content. But, excessive addition of Mn more than

5 mass % causes increase of nonmetallic inclusions which put harmful



sheet)] / (Vickers hardness of an anneal ed steel sheet) X 100 (1%0cioBetdtios
20 specification. The ratio of hardness increase of 20% or nore is
necessary to suppress occurrence of drooping caused by blanking to a half
or less of drooping which is generated by bl anking an as-anneal ed st eel
sheet. However, a, extrenely hardened steel sheet causes increase of shear
resi st ance dumifligncdd @ankdrngsi@nckspatonmt a8l wbrkasilin. of dies. In this regard,
an upper limt of the 25 ratio of hardness increase is preferably

det erm ned atS 10908 want ¥ng the effect on reduction of drooping in

bal ance with die life. Gain _Size Nunber : #8 to #11 As crystal grains are
coar sened, the stai‘lz*\lréglg Ogtae%’lea}'Ql%ftto@r!’lagﬁwgaplap%tl? sehrced agBgHeas ghe to
a bl anki ng pl i i r. b t,he bl anked steel 6 19 QOctober 2004 sheet
s heavi 1y aroagulsiet R RmeRt 1o Qs Y pEBap St REHEPE it tinRin! o

for manuf act Uhn® B MEQSUHor it PRosdiay bf Q@Eﬁegd- %EE ilﬂqgis : P('Laé:r}'ugﬁe its

bl anki ng pl ane as well as ‘snpot hness.” On the ot han e propose
austenitic sthmil e sberht iis deeftiihb®NRA).006 ana®t &, | Re@icrdly, F6rr UGERITL
conposed 5 of mnimzed grains at a grain size nunber within a range of #8
to #11 in a Pprodushwhibeshadldhasteat blanBaigoplgnaivnitlshizh diorensioniad afriugger, S
conpared with an ordi n%ry rain sjze nunber of #6 to #8. The m nim zed
grains are reXnteRigisppreieragiyceandrplise ten0-PRP srassréregyless s asatenidarqasy & he
st ai nl ess sterealt. at. a ﬁel aézi?vel y lower tenperature or in a relatively short
time. Due to Such the EORdS oni ng 10 of grain sizes, occurrence of

droopi ng 1igs sgPPIessRdBj e a ratio of a shear plane is kept at the same
| evel . Exanple 1 Various stainless steels having conpositions shown in

Table | were 15 neCt @dntea@ W, 1550aKEW, @ thé20iCne@BshrhOlo £4dr8thokfosion
t hi ckness of 10mm Thereafter, the hot-roll ed. steel sheet was anneal ed |

m nute at 115@s@tangsi oklsbainisiss vteal. Fitd exosbiter alditidntef Chimkrtesbammf206nm
annealed 1 minute at 1050' C and pickled again with an acid. 19 Cctober
2004 ma) a) 33 ¥pake) by siejplepspieg) haydarjandputtharmipheffecsy on die hfea-.

Ni: 5-12 mass %

15 Ni is an alloying element for stabilizing the austenite phase. Such
the effect is realized by addition of Ni at a ratio of 5 mass % or more.
Blankability of the stainless steel is also improved as increase of Ni content.
However, Ni is an expensive element and raises a steel cost, so that an
upper limit of Ni content is determined at 12 mass %.

20 Cuup to b mass %

Cu is an alloying element effective for improvement of blankability
and also stabilization of the austenite phase. However, excessive addition of
Cu more than 5 mass % puts harmful influences on hot workability.

Mo: 0-3.0 mass %

25 Mo is an optional alloying element effective for improvement of
corrosion resistance. But, excessive addition of Mo more than 3.0 mass %
makes the stainless steel too harder, resulting in degradation of fine
blankability.

A value Md3g (representing a ratio of a strain-induced martensite): -60 to -10
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An effect of a strain-induced martensite (o' phase) on a ratio of a
shear plane to a blanking plane is a result discovered by the inventors from
various experiments. A ratio of the strain-induced martensite (o phase) can
be calculated from components and contents of an austenitic stainless steel.

5 In the case where the austenitic stainless steel is designed to the composition
having the value Mdso controlled within a range of -60 to -10, a ratio of a
shear plane is higher as explained in under-mentioned Examples, and a
blanking plane is formed with high dimensional accuracy.

A ratio of hardness increase of an austenitic stainless steel:
10 20% or more by Vickers hardness

A cold-rolled austenitic stainless steel sheet is harder due to
introduction of many transpositions during cold rolling, compared with an
annealed sheet which involves less transpositions. When a degree of
hardening caused by cold-rolling is adjusted at a ratio of 20% or more by

16  Vickers hardness, metal flow toward a lower part of a blank is suppressed,
resulting in reduction of drooping.

The ratio of hardness increase is defined by the formula of [(Vickers
hardness of a cold-rolled steel sheet) —(Vickers hardness of an annealed steel
sheet)] /' (Vickers hardness of an annealed steel sheet) X 100 (%) in this

20  specification. The ratio of hardness increase of 20% or more is necessary to
suppress occurrence of drooping caused by blanking to a half or less of
drooping which is generated by blanking an as-annealed steel she_et. However,
a, extremely hardened steel sheet causes increase of shear resistance during
blanking and promotes abrasion of dies. In this regard, an upper limit of the

25  ratio of hardness increase is preferably determined at 150%, accounting the
effect on reduction of drooping in balance with die life.

Grain Size Number : #8 to #11
As crystal grains are coarsened, the stainless steel is softer, and a

ratio of a shear plane to a blanking plane is higher, but the blanked steel
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15

sheet is heavily drooped. In this regard, coarse crystal grains are unfavorable
for manufacturing a product which shall have dimensional accuracy at its
blanking plane as well as smoothness. On the other hand, the proposed
austenitic stainless steel is conditioned to a metallurgical structure composed
of minimized grains at a grain size number within a range of #8 to #11 in a
finish annealed state. Said grain size number is bigger, compared with an
ordinary grain size number of #6 to #8. The minimized grains are realized by
reduction of an input energy, e.g. annealing the stainless steel at a relatively
lower temperature or in a relatively short time. Due to such the conditioning
of grain sizes, occurrence of drooping is suppressed while a ratio of a shear

plane is kept at the same level.

Example 1

Various stainless steels .having compositions shown in Table 1 were
melted, cast, soaked at 1230°C, and hot-rolled to thickness of 10mm.
Thereafter, the hot-rolled steel sheet was annealed 1 minute at 1150°C,
pickled with an acid, cold-rolled to thickness of 5mm, annealed 1 minute at

1050°C and pickled again with an acid.

@D
0;



icy 10 r--1 Q) ?--1

p
352
o
NS
2,
hale
T o
@_ O
2o
rMN
el )
g &)
©
G.Imwm
©6.88
85950
06 <3
4.@ m
- S0.0
-5
O .2 O
— m o
| o
— o
— o
610
z°508
© 8
8 —
LL m
m
l
o
=)
.||v
>

Co 0 0 00 CD r-i444-1C --~0000~-O O rirr+r

co000O0ONt - 0006¢ci 00000006CO600 a) Hr 1rA i

-4 nmO00CV0000Cl

U)

sopdmexe | 0917 | 8070 | 60°0 | 80°0 | 600°0 | OT'6T | T2'6 | 90 | 90 | €00 91
aatyeredwod | gge. | 200 | 60°0 | 80°0 | L000 | 16'8T | Lg0T | 80 | #0 | 100 ST

8'€€- | 20°0 | LOO | 010 | 9000 |0T6T| 686 | 0T | 90 | 200 )
sepdwexa | 75 | 200 | 60°0 | 010 | 7000 | 1681 | L30T | 0T | 90 | 00 g1
9AT}URAUL

6733- | 00 | 80°0 | 180 | 1000 |938T| 188 | 80 | S0 | S0°0 z1

0¢T | $0°0 | 800 | OT°C | 1000|9381 | 128 | 40 | 90 | €00 T
sordurexo 0'8- | 1T0°0 | 80°0 | 0T'0 | T00°0 | G281 | €86 | L0 | €0 | 100 01
saneredwod | e-g/. | 700 | 800 | OT'0 | 1000 |€28T [28II| S0 | 90 | 300 6

¢g9- | 100 | 800 | 010 | T000|OT'6T |02IT| 2T | #0 | 100 8

g'LS- | 300 | 00 | 80°0 | 2000 |BPBI[CTTIT| 80 | €0 | 300 L
SO[AWeX3 | ey | 100 | 80°0 | 80°0 | 3000 | 9581 | T00T | 0T | ¥o | 100 9
BATFUSAUL

€0¥%- | 100 | L0'0 | 128 |T000|OT'2T| T08 | LT | €0 | 200 g
sargeaedwoo | I'86- | G0°0 | 90°0 | OT'0 | TOO'0 | O9T°L1 | €3°0T | O'T ¥0 ¥0'0 ¥

9'ge- | €00 | LOO | B6T [2000{01'8T| 888 | OT | S0 | €00 €
sopdwexs | g-op | 00 | L0°0 | OI'Z | €000 | 0L8T | 1238 | 2T | 90 | 200 3
9ATIULAUL “

T°28- | 100 | 80°0 | OT°0 | 1000 |G38T |SL0T| OT1 | S0 | 100 I

N OW | nD S D |IN | YN | TS 0 "ON
ajou 08PN
(% sseur) sjuouodwos 3UTAo[y sjdwmeg
T ATINVXE NI QESN STAHLS SSHINIVLS DILINZLSAV T 998l




C cl r-t Cue-t Cqgr-i Co-nCod r-i mO00oOCOO0000000 O 00Q9RRAVHCHIY00
, 0 a) 0,-~Co-tnNOOn?-.1Cor-ir-t Co 19 Cctober 2004 Each anneal ed st eel
sheet was exam ned by the under-nentioned blanking test to research shear
resistance, a ratio of a shear plane to a blanking plane and a ratio of
droop to thickness, _and its Vickers hardness was neasured as Rockwel| B
har dness regul at ed Becly |agnzglgdostegl gheedsvapicueminad bbftheelaéielanﬁ@mw st eel
sheet was bl pe with clearance of . 25mm (a
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Each disc (a ala@wmupécpg@mmemmeagsmgmﬁea%gts m@o noncont actl ng
position sensor at 8 points, i.e. every 2 points along a rolling
di rection,5 a crosswisesidpicee tiipbfifandh antieaRdt§tesl dhaet waethlwhkdl dba degy ees
wth respect tothe rolling direction as shown in Fig. 1, to detect a
degree of dro®prpezwith elamnp@lqﬁto e ormdimmdavatameacoentio aabndaed, asand a
ratio of droop to 15 é cknes was cal cul aged as a ratio OL t he rrea_n val ue
to thickness Bfatafsettigknes; % testhpicrpés £%00r 8% Kemechrelye at soblapkir di sc
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45 degrees W §fd dr&9PHGI L@ Imbd'6n (il | dimdidyeCti On, as shown in Fig. 2.

The nmeasured val ues were averaged, and a ratio of a shear plane was
cal cul ateth as a ratEgctof dishe(am@asnkedal pigce) Owkbi flcaeSRdOfwitinea t Rebr-pyRCE.

The ratio of a shear plane formed by blanking each test piece with a
noncontacting position sensor at 8 points, i.e. every 2 points along a rolhng
direction, a crosswise direction and a direction inclined with 45 degrees with
respect to the rolling direction as shown in Fig. 1, to detect a degree of droop
Z at each point. The measured values were averaged, and a ratio of droop to

15  thickness was calculated as aratio of the mean value to thickness of the test
piece.
Thickness of a shear plane S of each disc (a blanked piece) was also
measured at 8 pointg, ie. every 2 points along a rolling direction, a
crosswise direction and a direction inclined with 45 degrees with respect to
20  the rolling direction, as shown in Fig. 2. The measured values were
averaged, and a ratio of a shear plane was calculated as a ratio of the mean
value to thickness of the test piece.
The ratio of a shear plane formed by blanking each test .piece with a
clearance ratio of 2% was researched in relationship with a value Mdso of
256  each test piece. Results are shown in Fig. 3. It is noted that a blanking
plane with a ratio of a shear plane being 100% was gained at a Mdgo value
within a range of -60 to -10. Although Sample Nos. 4, 15 and 16 had Mdso

values within a range of -60 to -10, their blanking planes were exceptionally

poor with ratios of a shear plane being 85%, 95% and 71%, respectively.



clearance ratio of 2% was researched in relationship with a valweddidodk
25 each test piece. Results are shown in Fig. 3. It is noted that a

bl anki ng plane with a ratio of a shear plane being 100% was gai ned at a
Md30 value wthin a range of -60 to -10. Al though Sanple Nos. 4, 15 and 16
had MI30 values within a range of -60 to -10, their blanking planes were
exceptional |y poorAnirektioashus off (G+FRNAr wiharsee tadiongf 8819%ar9 ¥ rmendw 74 %
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ot her hand, Sample No. 4 contalning nore than S

bl anked wig h withahiratiofofa sisdeailand 88@g0f0085%n PROBLIRNOS:d, Badn@edNd 3t 16,
~whi ch had values Md3o within a range of -60 to -10 and contai ned (C+l/2N)

| ess than 0. 0entassngy(CadBN)bank ldan 0@6winhks &% elaediamoesl wath o ratio2¥oa A
ratio of a shear pl.ane fornmed by the bl anking was researched in
rel ationshi p WeaF Mappat 8dt- of each Sanple. Results are shown in Fig. 5.
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cl earance ratio even in case of blanking the sane steel sheet. That s,

when Sanpl e Noss ré8eanbed 4n welnéiobkhipkethvd tbnt@nt of eaclaSamplat Results 286 a
bl anki ng pl ane was formed with a ratio of a shear 20 plane being 100% The

ratio of a shedwplindiswasli sdneted thet SrmmledN®8%;3, Feapédtd switginingéh
Sanpl e Nos. a 14 e bl apked wjth a_ clearance atio of 5% as shown
in Fig. 6. T@SP@&P&”@@%% a‘ffele,emapéwiw@hg B4R 6he Shees P lERg Hom03
mass %is eff o VELEQr ki t.ee heet w th a.bi l.ear an
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St ai nl essisst egbfe PRKKEH vEAPRPLE,S SONShER YU Peifig D56, 2nIe1 S, g&' bedvelycast,
hot-rolled to thickness of 10mmat an initial tenperature o 1330C

Thereafter, each hoThe aklaeibnshiebf Sheaterwasithnnealieds b shaditgant id 13QC, 10
19 Cctober 2004 pickled with an acid, cold-rolled to internediate thickness
of 5-8nm anfitd¢ddn reaponsectoar clpBaGe watib preklirdasyaf hlaskihg dhe aoint:. Sone
of the steel shleehs wel; e provided_as anneal ed steel sheets (A, Bl) of 5mm
in steel sheet. That 1s, when Sample Nos. 13 and 14 were blanked with a
clearance ratio of 2%, a blanking plane was formed with a ratio of a shear
20  plane being 100%. The ratio of a shear plane was reduced to 92% and 88%,
respectively, when Sample Nos. 13 and 14 were blanked with a clearance
ratio of 5%, as shown in Fig. 6. The results prove that controlling S content
less than 0.003 mass % is effective for blanking the steel sheet with a big
clearance ratio which causes reduction of a ratio of a shear plane.
25
Example 2
Stainless steels having compositions shown in Table 2 were melted,

cast, hot-rolled to thickness of 1I0mm at an initial temperature of 1230°C.

Thereafter, each hot-rolled steel sheet was annealed 1 minute at 1‘150°C,
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thi ckness. The other anneal ed steel sheets of internmediate thigkrRESeVROE 5
further cold-rolled to thickness of 5mm and provided as tenper-rolled steel
sheets {A2-A6, B2,B3). 11 19 Cctober 2004 >P4 0 occ' CeDQO
00 z 00 CDo 000Co..Qo0 Ca

pickled with an acid, cold-rolled to intermediate thickness of 5-8mm,
annealed 1 minute at 1050°C, and pickled again with an acid. Some of the
steel sheets were provided as annealed steel sheets (Al, B1) of 5mm in
thickness. The other annealed steel sheets of intermediate thickness were
5  further cold-rolled to thickness of 5mm and provided as temper-rolied steel

sheets (A2-A6, B2 B3).
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effective for sufficient reduction of drooping. Each test piecegowtber 2004
continually blanked until exchange of dies, to 20 research an effect of
mat erial properties of the steel sheets on life of dies. Die life was
eval uated as bl anking cycles until exchange of dies. Results are shown in
Table 3. It is noted that any steel sheet of type-A can be blanked wth
greater cycles unti A &gt hiasgevastcudiofissacb aiphe ednedleth andeestpeeiroBbdetes] of

type-B. That i type- A steel sheets are eff_ectiye for extension of die
life. It 25 i§ﬁ‘§?t§og%tbé3dhﬁeﬁowg&nﬁaﬂ%ﬁ rafio of@% ypderather seare eonsbitisneach

h h d ' f | d f
bl anki ng.cycl 24 IR0 BRSSP R e B R e R 68 i s

wer e somewhat pide8OWaeds asSt{05¢ & hge n re t 50%
13 19 Cctober 2004 Tabie 3: EFFE%?%Egg%W%T%R%A@gﬁgggéﬁfﬁéé%gﬁﬁﬁ?%E@ EETS
ON DI E LI RE Neethpanidlhgl Syglpbs Nosalauatd ABNGLES bkl ﬁi@ﬁhﬁ%ﬁo%f?g'éﬁ%aﬁ'

302969 Q - - m-mmmmmm e e A2

------------- plane being-100%. On the ether-hand; Sample N330BG29 @3 corrddbdizdd Q0
----------------------------------------------- A5 354824 Qo

oo ...t08US304 were blanked with low ratios of a shearngang neg0 45%103288X - -
........ - B252783XW FO --r - oo oo B39879XCD 0D : the sane
or longer die life, y{c%}?ﬁﬁrdépaowff‘tﬁot“ﬁé ce{dited aslay ragjo Ofs‘zro"p to thickness

in a temper-rolled steel sheet) / (a ratio of droop to thickness in an annealed

10  steel sheet), to research an effect of hardness increase by temper-rolling on

generation of drooping. Results are shown in Fig. 8. It is noted that a shear

droop ratio of any temper-rolled steel sheet A3 to A6 hardened by 20% or

more as Vickers hardness was less than 50%, i.e. less than a half of droop

generated in the annealed steel sheet Al. On the other hand, a shear droop

15 ratio of the temper-rolled steel sheet A2 hardened at a ratio of hardness

increase less than 20% was about 70% compared with the annealed steel

sheet Al. The results prove that hardness increase of 20% -or more is
effective for sufficient reduction of drooping.

Each test piece was continually blanked until exchange of dies, to

20  research an effect of material properties of the steel sheets on life of dies.

Die life was evaluated as blanking cycles until exchange of dies. Results are

shown in Table 3. It is noted that any steel sheet of type-A can be blanked

with greater cycles until exchange of dies, compared with the steel sheets of

type-B. That is, type-A steel sheets are effective for extension of die life. It

25  is also noted from comparison of the type-A steel sheets each other that

excessive hardness increase unfavorably causes decrease of blanking cycles.

For instance, the blanking cycles until exchange of dies were somewhat

reduced as for the steel sheet A6 hardened more than 150%.

13



O : dielife inferior to the steel sheet Al but superior to thegg®i®sl 2004
sheet Bl X : remarkabl e abrasion of dies Exanple 3 5 Stainless steels C,
havi ng conpositions shown in Table 4 were nelted, cast and hot-rolled to
t hi ckness of 10mmat an initial tenperature. Thereafter, each hot-rolled
steel sheet was annealed 1 m nute' at 1150C, pickled with an aci d,

cold-rolled to thickneskehig 35EEEEC§‘|$n@EIMGTERﬁﬁMRI%OBERT§ES 1100C, and then
ekt g agetn'w Ohan acid. 1 d8 CPLOPEE W pp e D || 0

z od 00 0
blanking cycles _ :

No. until exchange of dies evaluation note

Al 302969 ©

A2 323341 © g

_________________________________________________ 5

A3 309629 ©) 3

_________________________________________________ 0

A4 314211 © g

_________________________________________________ g

A5 354824 © @

A6 248142 O

B1 103288 X o o

................................................. w B
B

B2 52783 X g

""""""""""""""""""""""""""""""" e g

B3 9879 X ®

© : the same or longer die life, compared with the steel

sheet Al

O : die life inferior to the steel sheet Al but superior to the
steel sheet B1

X : remarkable abrasion of dies

Example 3

5 Stainless steels C, D having compositions shown in Table 4 were
melted, cast and hot-rolled to thickness of 10mm at an initial temperature.
Thereafter, each hot-rolled steel sheet was annealed 1 minute at 1150°C,
pickled with an acid, cold-rolled to thickness of 5 mm, annealed 1 minute at

800-1100°C, and then pickled again with an acid.
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a) ZU1Q O~, 19 COctober 2004 A test piece was cut off eac et
pi ckl ed after being annealed, and blanked with a cl earance rapig?cg)?lsﬁag
under the same conditions as in Exanple 1. Aratio of a shear plane in the
bl anked test piece was calculated to research its relationship with grain
si ze nunber of 5 the steel sheet. Results are shown in Fig. 9. It is noted
that any of type-C A eebt pheet saacear difngadho st §HRSepitkleAVEfEi RiNEAS

bl anked with a ratio of a shear plane being 100% regardless its grain size
nunber. On t he anieeledhaamd, blankedofvithy pecPastreel ratieef s2%onnéspohei sagnd o
SUS304 was bl anked. with a |lower ratio of a shear plane near 45% 10 A

rel ati onshi p ofcoBddkasrasgmoEyamply & B raiioaolyp fheasplanenimbes blanked test

LUt |0 g 0 TR PRI D RERNSR R T 50
tall i cgl | i t ype-C
el vl op abiwanune) ppaedhespubindy o o1k aechi 4y Sogpl e

any steel sheetst&s3 shbeth Ac&RdBRCH thag&é@nm@iemtﬁhmasmwhmd Wohe A OB 1S
reduced to a half or less, conpared with steel, sheets C, C2 of grain

si ze nunber | eshethplang®eingFHIN rastrdipbeite gras stantumbal. On eartkedhamt,i |

exchange of dies, to evaluate die life from bl anki n% cycles. Results are
shown in Tabl e @y ¢of tpsD sed shentst camgsprondiag wh8PB304 wampblagkedvite a

bl anked with greater g)yctj esg until 20 exchange of dies, i.e. suitable for
el ongation of dPEeY Fatly olanshsar 8lpnG 1937 1R& st eel sheets of type-D. But,

bl anki ng cygl es sone .1 eguc as;.increase. of grain.size nunber
ﬁ? %gélia}r{]ﬁé_glslé octl"ﬁ gﬁear drégI_J I‘al?lﬁiWItR a gygin size num%ﬁla £

nore than 1, as note eel eet sres proves t

excessi ve m ni M1agrhea iﬁfFi%. Iﬁ‘:tﬁelﬂéle&ioﬁahﬁﬁﬂob'% Mﬁov&ﬁe%&feé’%e%@ld?o&m di e
life. 25 16 19 QOctober 2004 Table 5: A RELATI ONSHI O-F DE LI FE WTH MATERAL

PROPERTI ES OF SifihlaShitreSsd\of i gyrkimgizey alsbeeVak Uaiinoniret emetliurg@ychange
of dies Cl structure) regardless kinds of steel sheets. As for type-C steel sheets
according to the present invention, a shear droop ratio of any steel sheet C3
15  to C6 each having grain size number more than #8 is reduced to a half or
less, compared with steel sheets C1, C2 of grain size number less than #8.
Each test piece was continually blanked until exchange of dies, to
evaluate die life from blanking cycles. Results are shown in Table 5. It is
noted that any steel sheet of type-C can be blanked with greater cycles until
20  exchange of dies, i.e. suitable for elongation of die life, compared with the
steel sheets of type-D. But, blanking cycles somewhat were reduced as
increase of grain size number more than #11, as noted in a steel sheet C6.
This result proves that excessive minimization of a metallurgical structure

is unfavorable for die life.

25
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austenitic stainl ess el profeselhnpe dffdgespr egentvalngéen i gnnete | 5 be
bl anked to a product hi gh di mensi onal™_accuracy, due to excet]l ent

bl ankabi lity, especiaCly| fine bl agtk®gpl ity. Even wheg@ t he steel gheet is
bl anked with a smal [-Tl-egr-ance -rat-i-o;--a-fratto-o9f--a-shear--pklane tq a

bl anking plane canibgoklept at a figgher |evel w’thou@ occur|r egce |of
substantial droopi ng----The-stai-nless.-steel._sheet_.i.s_al.so._advafit ageous for
el ongation of die |if 10 conpargd with conventional_austdni£ic |stainless
steel sheets such a$ %8304. Con L}Jéntly, bl gnked Pt oduct|s @i th high

di mensi onal accuracy are obtained fromthe prgposed austenitpc gtainless
steel sheet without]i@ériease of a3428Rufacturing cos® 17 19 Ectagber 2004
Claims 1. An austenftic gtainless steel; whithjmas-am-excef|l et groperty in

fine blankability, | C5 315522 © 3
C6 236981 O

D1 112011 X o o

.................................................. ¥ B

0 g

D2 49876 X 28

-------------------------------------------------- o

o

D3 5621 X o
© : the same or longer die life, compared with the steel sheet

Al

O : die life inferior to the steel sheet Al but superior to the
steel sheet Bl
X : remarkable abrasion of dies

An austenitic stainless steel proposed by the present invention can

5 be blanked to a product with high dimensional accuracy, due to excellent
blankability, especially fine blankability. Even when the steel sheet is
blanked with a small clearance ratio, a ratio of a shear plane to a blanking
plane can be kept at a higher level without occurrence of substantial drooping.

The stainless steel sheet is also advantageous for elongation of die life,

10 compared with conventional austenitic stainless steel sheets such as SUS304.
Consequently, blanked products with high dimensional accuracy are obtained

from the proposed austenitic stainless steel sheet without increase of a

manufacturing cost.
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conisisting of (C+1/2N) up to 0.060 mass % Si up to 1.0 nmass %y dvkbbbfedod 5
mass % S up to 0.006 mass % 15-20 mass % Cr, 5-1.2 mass % N, Cuup to
5 mass % optionally Mo up to 3.0 nmass % and the bal ance bei ng Fe except
inevitable inpurities, under the condition that a value MI30 representing
a ratio of a strain-induced martensite phase defined by the under-

menti ongghiih®rnula is wthin a range of -60 to -14.3, which has

metal lurgical structure mnimzed to #8 to #10 by grain size nunber.
Mi30=551- 462( C+N) - 9. 2Si - 29( N +Cu)-8.1 M-13. 7Cr-18.5M0 2. The austenitic
stai nl egs Stﬂﬁlalﬁt‘efﬁ%détaiafe%g s@e’f' Whith Rl &0 e'xéeli@ﬁf g?brélﬂ%%ﬁ%n%rblgma%iﬁtgpy

Vi ckers hardness -rolling after annealing an i ng

articl eCC?f’éﬁi‘“é'nﬂr‘-‘tﬁméﬂz%lhgﬁ Eng- Pﬁ‘é Masg "n| A3 ta fldbmagg to M weyta ® masydheS 6P t he
pr ecedi By deinaBs %1854 IQéésO%ebr A4 ABSTRAC U dPR @ﬁ\@sx /?

9 rdﬁﬂ?ﬁﬁ Mo u?
austenitic stai nI ess steel has conposition consisting 0

0. 060 n®sk0 mass’e gpd the belancahsingdie averting\ialle "ﬁﬁ@rstle% U'Eieﬂﬁ”'et@ndlt@o@a’fmss
% 15- 2D vame M4 Fpresenty 8%&d dﬁ’d\@tralrghdu&& RarensteBhgse F{%fe r% Stﬁpthcon | rZ | on

and the bal ance bei ng Fe except inevitable inpurities u
that a WEMiRpeguoonyladpr WlinG rRNce Pfarf® tof-14.3. shich has merfelbuginglr steustire e)

defi nedmpmgzg@tm%r#ﬁm@tgrglﬂegqizefrmnmgra is controlled wthin a range of -60
to -10. Hardness_increa eel sheet after being cold-rolled is

preferably 2@%0055%6%%%') 9@%@9@'1@? chNda- 13X Crol &Rl | urgi cal structure of
the steel sheet is preferably adjusted to grain size nunber of #8 to #11
in a finish annealed state. The steel sheet is blanked wth high

di mensi®nal Hecavsieytic stamless steel preqrding ta Claimpt ovidefyischardgrme=20% or more
551- 46 2§Sfitkers hafinédSh by 84idlrdifiAY afte? abMbalihg af@pickfhgM 19

3. An article made from an austenitic stainless steel according to anyone of the
preceding claims.

18





