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

applied to various kinds of n steel, stainless
steel and 10 nonferrous netal W@gmgﬂgtﬂ@%@iﬁ&an be efficiently
sized to an objective shapgxdioveyer bl anki ng i s rugged
wi th poor dinensional accuracy, a lﬁg‘tIngglﬁgg?L‘%@W&%Yto 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_;f_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 %io%tnol%er 2(304 f or med tWLt hi ghyﬁi mensi onal accuracrymby
bl anki ng, a worCAG L8s ACFEaRY ghdretab aBsset? Vikell t begaqored athitaepadpr
common steel. sﬁgfﬁggntahggtﬂi{;]&%g digsagdv SUS 304 austenitic stainless
steel is blanked by a usual method ang{%t%lggﬁegertolgn{f%%?g nﬁfpﬁ% d’reiaﬁghﬁ
product whi ch bdhatihghaxge. @ 5 bl anki ng pl ane with high di nensional
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¢owraess or ddauleing phinanisagpeatd of t he
i nvention, there Ls ProvL dedha agste i.ti.c stainless '
post-treatment such as barrel finishing. Such post-treatment is basically
extra process and causes poor productivity. In this regard, a fine blanking
method has 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



steel, which has an excellent property in fine blankability com@lﬂdb@gzd&
(C+1/2N) up to 0.060 nmass % Si up to 1.0 nass % M up to 5 mass % S up
to 0.006 mass % 15-20 mass % Cr, 5- 12nass % N, Cu up to 5 nass %
optional M up to 3.0 mass % and the bal ance being essentially Fe except

i nevitab r Lon th Miso whi.ch
repr esen{ gmgwg{l !hlt(%h ?i?m enﬂﬂS glﬁcélln?cﬁcc})&%qdﬁ“ e £ 9% 1?%(306?133’5}‘6%1?%56& {14 he
under-nent n .0r My ust ed in.a rang 0 to,.-10, which has
met al | ur i cg’f Efé nking ¢4 Plgo?rftﬁ?lrﬁg tﬁ%“epbsai‘ﬁ?@taﬁ?ﬁ gHgéP austonific eSS Mi30
= 551- 46%%%#}%1@@?5? -29 8 INh 13. 7Cr-18. 5Mb The austenitic stainless
steel is 24u E‘e G’éir]ttllF‘bﬁr&Pn fop eawfastities 3 Pioguat sthichyshall hayg,
anneal i ng IDI ckling, cold-rolling and finish annealing. A ratio of hardness
i ncr ease? ¢ hlagking glage wgh high dgnepsionplaceiradyer abl y control | ed at a val ue of 20%
or nore as Vickers hardness. The stainless steel in the finish anneal ed
state is preferably conditioned to a netallurgical structure of grain size
nunber ($eUAIAR! 100 G NM thin a range of 8-11. BRI EF DESCRI PTI ON
OF THE [SSI;?AW NGS@gRg&P?ltl S aﬁ};i%?erratl c viewFig. I is a schematic view for
expl ai ni ng geHerpeseotingintionnigwpt pyvisionaf bh amkedictadessated], frowhich estenfrer
detection of drooped parts. 2 19 Cctober 2004 Fig. 2 is a schematic view
for explandrsiabiity of aveustonitegfhase &b eatroflbdistess taincieabd Anakib 09a eanglagd a product
and positions for neasuring the shear plane. Fig. 3 is a graph showing a
r el at i onshéqialyfsulidbdOfoy heBlaiking) a ratio 5 of a shear plane. Fig. 4 is a
graph showing a relationship of (C+t1/2N) with a ratio of a shear plane.

Fig. 5 is a gnhaptorahowivis a@aé’p@&t&ifﬂ%ﬁ%nﬂo@fthf% GREAMI AVaddenfticd Blih1fssOf @
shear plane at a clearance ratio of 2% 10 Fig. 6 is a graph show ng a

rel ati ongdu mvlﬂéhh%sa@ei&n&ntwéperlﬁlﬂﬁélﬂa&%bm@y P& FUf{’@-?I/ Cﬁpers pance

ratio of 5% Fig. 7 is a graph showng a rel atlon I p of ardness

with a pakin slpd lsb'ﬁﬁﬁs% %&t&%%as@%‘ 8 u t@é@@@]{ﬂ%&q’ X ar %&@‘Uroj‘sm p of

har dness i ncrease caused er -t ol roop ratio.

Fig. 9 om0y mhcﬁngm f'gla?s‘% gﬁén%ﬂa' t(gE 0P 8 g alghed %ﬁ%ﬁ“ f__nt‘ 2

rati o of a shear show hg a be

grain S%%‘@%?{%&Eﬁvﬁaﬁggﬁﬂm 169 WBadr M Qnaidn Hal4'velue Mllo witien | O F THE

PREFERR

represents a ratio of a strain-induced martensite phase, defined by the under-mentioned formula is
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.

2



The inventors have researched from vari ous aspects on the rel afgsyat fogaf
mat eri al properties of austenitic stainless steel with a state of a

bl anki ng plane forned by fine blanking, and discovered that a ratio of a 25
strain-induced martensite (a' phase) puts a significant influence on a
ratio of a shear plane to a blanking plane. The strain-induced martensite
(a' phase) is hardeFigilii aberdmatioViewdfottaxpidiyingclompatiod ofid Shar plane
austenitic (y Ehase) matri x. Excessive generation of the strain-induced
martensite ((R¢ phAngaiage (g aedvcgrnst pesitivnecioobeeaoine dbetsheaty,
early occurrence of fracture at a blanking plane and decrease of a ratio
of shear pl an&20% generation of the strain-induced martensite (a' phase)
is too little on the; rar, tenitic stainless steel i.s bl anked
as such in the y phgéggq?%sf %tg%%‘?ﬁ gﬁo‘gﬁ%t?F%]tabl,ong%lgu?r}tllﬁﬁéo ivﬁleu@awt; "’oﬁ%ﬂ?rence
of 5 fracgurefakheadp@nki ng pl ane and decrease of a ratio of shear plane.
Softness of the austenitic stainless steel is well balanced wth the

ef fect of the strai Fid.ndiscegraphrdtenshg & réRitiopeRSEHf (09 1141¢) Wuald tatiobe 4 he
fracture plane, so as to suppress occurrence of drooping. Thus, a bl anking
pl ane is i rrpréb‘é@fl?lﬁn@ti mensi onal accuracy, and die life is prolonged. 10
The proposed austenjtic stainless steel contains various alloying
conponents at predeFtﬁ*rﬁ Ketieraph shovdgsrrlatigrshimef Sxqptent wihoa oo whss %

Cand N are c nM.s effegtive for .adpjyusting stability of an 15
austenite phaggm%ge\@\?gr%t ae&g%%aﬁc‘%agﬁawcﬁ’on of C and N makes the austenite

phase hargpr due t opgoldis PDrAAr deming . AREiAk0, TR ofe.d 1Ak Liduged

martensite phase harder. T causes I ntrease o anki ng I'oad and
short |ife of adhesr plEherafaodlearance 2kii® oPb%(C+1/ 2N) is controlled at 0.060
mass % or less. 20 Si up to 1.0 mass % Si is an alloying conponent added
as a deoxi di zi ng agBi Tats mgsagebhowiekinralgtisndp oFAidast \teradelist with ©f Si
makes an austenite, phase harder due to solution-hardening, and degrades

bl ankabi | i ty BAi¢ Ak shearplase steel. In this regard, an upper linmt of Si

conent |, et e Bigh SuiSRthe 22 ANbBL 7 IR M. L 20 1) 1 0
o anab 14 B o ohaif o, Sebeh ohggg ol ooy Decome sporent
causes increase of PpNWekal driaphi heliss 8NSlaMYnehiPst a BALIATSMe number with
a ratio of a shear 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



v

4 19 Cctober 2004 influences on corrosion resistance and wor kabildctoper 2094 UP
to 0.006 mass % A ratio of a shear plane to a blanking plane is reduced as
increase of S content. The elenent S also puts harnful influences on
corrosion resistance, 5 which is nost inportant property of stainless

steel. In this regard, an upper Ilimt of S content is determ ned at 0.006
mass % Es peciiatttﬁlj!ty, Eerlywcmrancepobﬁacﬂurm}, ahblshkirlg flave aadodenddsegpipl ane
wi t h hi gh di mensi onal accuracy, content is preferably controlled to

0. 003 nass % Bitie @§sshegr aplapg: |Iﬁ<ﬁeéawwal of 4hp ostodingindneed mentaesite dolr
15-20 mass % f 15

% t
corrosion re8 %Stz Socb}l td¢ QPﬁgascgnE"tag{é'I tIE%rB"ﬁ’tsltngglggzgﬁs %aﬁﬁg‘?l'?’ﬁnzﬁa?eylfe%
th 20 | d d t _har nt ul
o than 20", 6 RSy A AL NI s TP b

stabilizing thacalslaen BlanRiASAansYsh detnfé%s@f)f £¢htid of {8l AgMe by addition
of NI at aratio of 5 nmass % or nore. Blankability of the stainless steel

is al so inproved asSéoftinemasfethef ahdtetidizt @ainlessHobsel &5 welli bdlanédl expetisd ve
el ement and raises a steel cost, so that an upper limt of NI content is
det er ni ned atefi@tn@fs@%stmn@ndu@dt mBteraite (' Qohass) am 4h¢ oyiakigy edfethent
effective for rovenent of blankability and also stabilizati on of the

austenite phagéc G R, Soe%égéi%reéadacwraﬁn@r of ¢ypopbize Titien asblgakingy, put s

har nf ul fl h
oot onal ol 1 ofARESs MRalRed BIdIRBRL I o dBiacl Sad P RE iRIer 5 "

resi stancgy But, excessive addltl on of Mo nore than 3.0 nmass % nakes the
stainless steel too harder, resulting in degradation of fine blankability.

A val ue MI30 (repreSratiragosed atbenithc atfhleds NstbdldeiREi K LAPSE tA)oyind0 tO
-10 5 19 Cctober 2004 An effect of a strain-induced nmartensite (a' phase)
on a ratio ofcempwirads apba&@temi&eﬁlratikds agigloase is a result discovered by
the inventors varl ous experl ments. A ratio of the strain-induced
martensite (a' (ddﬂ B8 mass bl at ed from conponents and contents of an

austenitic stainles t he case ere,the au tenit st aj nl ess
steel is designed t ‘g ]goﬁf)om HPSHen%aeff%gwtehéorvéfiW@ 3f)t3k’glht[yr 8¥Iaé'd

~within a 1r5an9§usqranft@9h59e.Ti&wev%r,r@cé&n%f adHition of C and N makes the austenite

phase harder due to solution-hardening, and also makes a strain-induced
martensite phase harder. The hardening 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



shear plane is higher as explained in under-nentioned Exanpl es,jg@anreébar 2004

bl anking plane is formed with high di nensional accuracy. A ratio of

har dness i ncrease of an austenitic stainless steel: 10 20% or nore by

Vi ckers hardness A cold-rolled austenitic stainless steel sheet is harder

due to introduction of many transpositions during cold rolling, conpared

with an annealflednséont cosbisidn Fasisshvesardessriabiftgposi tions. Wien a degree

of hardening caused by cold-rolling is adjusted at a ratio of 20% or nore
by 15 Vi cker sSHartgde@¥ maps ¥ flow toward a | ower part of a blank is

suppressed, resulting. in_requction of drooping. The ratio of hardnes
increase is defi ned‘k’ﬁgt’f’ﬁ’éaf ﬁﬁpgar@fw[a( an m%splaﬁ%e%ﬁ%@@%fasan%%a ?& | ed

steel sheet) r rdne f an _annealed.steel sheet / i ckers
har dness.of a5 “AaEE) Bt BhRERE Bidin P MR O Eh o SE b fort Yo,
The ratiosof Haran | | S
ocour rence of I on o oaeea Drafetth B oBRLEsd fiePPIENAR dogly, SLABBESY
whi ch is genelimttedf 8/ cbh@nkiingletdrntise@nite@bes Bagehs. ShartiallfoBY 8lch =2,
extrenely hardened steel sheet causes increase of shear resistance during
bl anki ng and proghet whickovhadl lmveof bldinking plane wiith hishatidenaivnappeuradyyist  of
the 25 ratio of hardness increase is preferably determ ned at 150%
accounting t h&@RteRk Bchredsraplentraliedote 4PBHpmaRg %rrrplepase @sviorImeriase |4 f e.
G ain Size Nulgrtgleorot; 8at01f191 As crystal grains are coarsened, the

stainl ess stedl 1% AB1PEP 2 Mhd a ratio of a shear pl ane to a bl anki ng
plane is {y ghﬁf;,wb%n.; gopl anked steel 6 19 COctober 2004 sheet is heavily
drooped. In this regard, coarse crystal grains are unfavorable for

manuf acturing a prodrebnivhi G halass Rae b e s heRalardCRUEAdite Aortdsfon

bl anki ng pl ane as well as snoot hness. On the other hand, the proposed
austenitic stisrtanss sf ebdinless coerdi tHuonesicdssiva additibh wfgCe ahost thad B0
conposed 5 of mnimzed grains at a grain size nunber within a range of #3
Lo B11 in a AR Smahkpediccuasler steokhnmias andp i hiemiuhtiéects on Bighr
conpar ed vvithNar})_ grdi nary grain size nunber of #6 to #8. The m nim zed
grains are reali%z HWS feduction of an input energy, e.g. annealing the

stainl essjgsteel at g selatiivslye o L EURALALUE &R 2 dsPe B 'v@ short
time. Due to such t e COI’l_ddI tO?orﬁ %5% o% gr ai n lsteg,a osg%uﬁér ghggeé'o oh
droopi ng is sihepefesders whill-8d By akiRiodf cANshaah rdUABL 5 f1ds8P% At nide. same
| evel . Exanple 1 Various stainless steels having conpositions shown in .
Tabl e | wer e Blhnkabllitedhf thastainkeaked] &t ali@30pfivednd ihotcaso bt B covtent.
t hi ckness of 10mm .
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



Thereafter, the hot-rolled. steel sheet was anneal ed | m nute akdlbdr 804
pickled with an acid, cold-rolled to thickness of 5mm annealed 1 m nute at
1050' C and pickled again with an acid. 19 Cctober 2004 ma) a)
Co4-3Qa)0)0) w) 4-Da) a) 'l ~4 -tii ~EN1 a) . Nala~. Q eQO0 UW
00CDr - i CoCH0LC) CQOCC) Cpl aba) cat COMO u-@00rL6 CI NOco L) iClmmr-~
zrl d) Co LOr-i ,Anbef@ictrofsa €rain-intfluddd Ghar@knditeCla’ @hase) 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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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

5  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

10 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
15 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.
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Each annealed steel sheet was examined by the under-mentioned
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 measured as Rockwell B hardness regulated at JIS Z2240.

5 A test piece cut off each annealed steel sheet was blanked to a disc
shape with clearance of 0.1mm or 0.256mm (a clearance ratio calculated as
clearance/thickness of a test piece is 2% or 5%, respectively) at a blanking
speed of 600 mm/minute, using a punch of 50mm in outer diameter and a
die of 50.2mm or 50.5mm in inner diameter.

i0 Each disc (a blanked piece) was measured with a laser-type
noncontacting position sensor at 8 points, i.e. every 2 points along a rolling
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 points, i.e. 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.



0, -~Co-tnmNOOn?-. 1 Cor-ir-t Co 19 Cctober 2004 Each anneal ed st eglocgfageeigowas
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
hardness regul ated at JI'S Z2240. 5 A test piece cut off each anneal ed steel
sheet was bl anked t& aehitimshithagfe (G /BN | witharceradfo ©f 1simagr pla@5mmy a

cl earance rati o cal Cﬁ| at %d §s fl earance/ t hi ckness of a test piece is 2% or

|

5% respect i vEFRIheda 2piankimgle Noeelitsndebbesrh hroe yalussMdgo avighinch of
Fach di so. (5 B g opBosd: et e aPouniiti it ddholed st RomadRRet ng
position senserg ghd S2PPAdH Sonthirfing U1\ 1801 Bhak BN, r«y@!vJJﬁQgga%egdr cos

direction, a crosswi se direction an rection inclined wt

with respectwith hhatibdfld sigeadig1864 beihgaR0IN WA thé oflidd- halhd, tSandabags. £
-degree of droop Z at each point. The neasured val ues were averaged, and a
rati o of droogenteinife t{Ri+diidsmonashaald anes Yawaa Wankal witht heatpasf aval ue
to thickness of the test i ece. Thickness of a shear plane S of each disc
(a bl anked pi 82%ar Ri@se af 88%- neasured at 8 points, i.e. every 2 points al ong

35 degroes w th r oo SREPIS Bo3o L nd 4P iingrtrh et nue Sl RGH I FrEgs 2.
The neasur ed l ti:Q 0 sheay, pl an
cal cul at ed aséﬁg ér{gﬁ \c,)\ﬁjog m% %}éﬁ%ggﬁg ((\}/gpgggt%%t %h%(? k(fr)fggsm%?s f’ hgv r%?ilﬁl?eedce.

The rati o1of @ithhgaleaphideeraftd oreds DY r2ligBKh BHe£301RNE 8Sitndl BF EndMbiaRkeh
cl earance ratio of 2% was researched in relationship with a value Mi3o of

25 each test phecesedRebed is ralatiosnkbbipnwith Ficgntedt of taéls Saaipdel Rbatltaare

bl anking plane with a ratio of a shear plane being 100% was gained at a
MI30 val ue wPRMW® in Kigngeliofs n@gdithat fomple hasudhs, Seivphé IMosontaining Sand 16

had Md30 val yes wthi range of -60 to -10, their blanking planes were
exceptional |y esﬁ&ﬁ?nw'ﬁﬂgr‘%’ﬁ%z Yﬂ?reagléﬂgﬁﬁl Ath feraids A 3853'%31'93%%1#61%1%
respectively. ok 9, 4% tionshi.p.of «(Ct+1/ i a ratjo of
shegr pl aneyw}a@?%’r ‘é"g%?%ﬁéﬁ,%ogg&fﬁ gl;é(gr%gl %nﬁ%lgl,m%sglm%ed%il\%“ QAQ?E rﬁﬁ% %g

val ue MI3G Wi dBidibRinkbaR@eh OhtioO8k 4 SheatPlaRebihl D59 £n 'g%%éﬁ)%eﬁi%lyﬂ- It

is noted that Sanple Nos. 1-3 and 12 each contai ning ess’ t han
0. 06 mass % wer e bl Hhkedlationship of S content with a ratio of a shear plane is also
varied in response to a clearance ratio even in case of blanking the same
steel sheet. That is, 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 shee£ 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,

10



Swith aratio of a shear plane being 100% On the other hand, 1§RbE s 4
containing (C+1/2N) nore than 0.06 nmass % was bl anked with a ratio of a
shear plane of 85% Sanple Nos. 1-3 and 13-16, which had val ues Mi3o within
a range of -60 to -10 and contained (C+1l/2N) less than 0.06 mass % were
bl anked 10 wi.t clearance ratiQ o % A ratiq of a shear p]ane fornmed
by the bl ankipﬁ‘gl‘q\‘?\}iswi &&r @R Fﬂg'rl‘eh%{f i t9ndmfepmeiate higheant top-

Sanpl e. Resul ' i ko D t. ks noted that Sanmple Nos..,1-3, 13
and 14 cont aia?ll?lﬁgfe% 1%21212@? ﬁgnl%égo%Ganr#a *sclkf%dv\g aembvrlatﬁkaenda%gt Eoréler(gtﬁ%‘g of a
shear pl ane heid)Osheb@)%erhiofidBampl Goested1&eaNdhddis A@Nt 3 1) HsRmpe than
0. 006 mass % 15 were blanked with ratios of a shear plane being 95% and
71% respect ithlkpess. The: behaat aonsbéd stafel SheaptFrihtarniddier Alidlneet wershear
plane is also varied in response to a clearance ratio even in case of

bl anki ng fhe ftiher colderdlledhioethiclitess of Smmiserd Sanpled doemis - @hidd Istealer e

bl anked with cl earance C@gbio of 2% a blanking plane was fornmed with a
ratio of a sk ﬁ?tsz(gzﬁgﬁ’n%z: ¥ng 100% The ratio of a shear plane was
reduced to 92% and 88% respectively, when Sanple Nos. 13 and 14 were

bl anked with a clearance ratio of 5% as shown in Fig. 6. The results
prove that controlling S content |ess than 0.003 mass %is effective for
bl anki ng the steel sheet with a big clearance ratio which causes reduction
of aratio of a shear plane. 25 Exanple 2 Stainless steels having
conpositions shown in Table 2 were nelted, cast, hot-rolled to thickness
of 10mm at an initial tenperature of 1230C. Thereafter, each hot-rolled
steel sheet was annealed 1 minute at 1150C, 10 19 Cctober 2004 pickled with
an acid, cold-rolled to internediate thickness of 5-8mm annealed 1 m nute
at 1050C, and pickled again with an acid. Sonme of the steel sheets were
provi ded as anneal ed steel sheets (A, Bl) of 5SmMin thickness. The ot her
anneal ed steel sheets of intermediate thickness were 5 further cold-rolled
to thickness of 5nm and provided as tenper-rolled steel sheets {A2-A6,
B2,B3). 11 19 Cctober 2004
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Q ~06 0 OCR oa ccao UCD OQ 19 Cctober 2004 A test piee@cwas: Hidh
of f each of the annealed and tenper-rolled steel sheets, and blanked with
a clearance ratio of 2% under the sane conditions as in Exanple 1. Fig. 7
shows a relationship of Vickers hardness of each test piece with a ratio
of a shear plane. It is noted that any of annealed or 5 tenper-rolled

Sanpl e Nos. Al to A® Wb risicamesduioffesghradthe anfiealed hedrterpeamelloditegl 100%
On the ot her h@mdﬁ, Sa Ee Ngs._ gi to B3 corresponding to SUS304 were

bl anked with FB% FafPddlatked with4 clpruanse satie o488 undanidgrsamoenditions was
cal cul ated as ' f. drogp.to thickness. i tenper-roll ed steel
sheet) / (a rg%%%%%%lggpg%% tﬁhocgvl?naelsegaﬁl?flsi‘ﬁpgﬂ}@gﬁé%ga dess gbfacdnigst ), to
research an epfigctwih Qatfa@i&eéisa'é}&%f-‘gﬁs?%lylé E”HS’{egr@Lét't&gygﬁ SGRG[A Lon of

drooping. Results are shown in Fig. I's note a ear roop

rati o of ahy tanperrslidd BAmpledosshgeto A8 &8s Ab@dRneda B¥tid03p OrshedPre as
Vi ckers hardness was |less than 50% i.e. less than a half of droop

generated i n planeabrieal l90% teethe hidet halnd, Sanipie NashBil todBal coxresh@dinglr 00p
15 ratio of the i}grper-rol | ed steel sheet A2 hardened at a ratio of
hardness i ncfea8eVdserephankegowithdowsetios shashennelane napx H5¥%he anneal ed

steel sheet Al. The r,esulis prove that_ hardness, incre of 20% or nore is
effective for suffi '%}kﬁarrdtéa?fgf?%% vt C(ﬁ‘}%‘g?)l'ieﬂgﬁ!s (earaiio ‘gi;roﬁpé;{?éﬁ\’rééless
continual l'y blagked \Wpt.bhef I.es, ¢t esearch an effect. of
material properties po?lrt llhee é‘%gg%ﬁge(ta?%% ficggo%?o E}Pglgness inan 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



Die life was eval uated as bl anking cycles until exchange of di g.0.R8sWdos
are shown in Table 3. It is noted that any steel sheet of type-A can be
bl anked wth greater cycles until exchange of dies, conpared 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 fromconparison of the type-A

steel sheets each ot herTabigp: EBREESS QB MATHRIAE FREPEZSEESnS avor abl y
causes decrease of bl anking C or_| t he bl anki ng cycl es
until exchange of dies were @fréml‘sli tgﬁﬁ %%Id] Fhe stee|l sheet A6

hardened nore than|150% 13 1Bla@kimgpercled004 Tapl e 3: EFFECTS OF| MATERI AL
PROPERTI ES OF STEEL MSHHETS @ilRixEhhddeFoMiedl anki AtplegtPes [epaleuat i onnot e
until exchange of dies |AI 302969 Q
------------------- -At-f--------3802069---------F- A2823341Q
Ce s fReesfess s e s e s e 0 1--A3300629Q0 ~ AA314211Q0
------------------- -Az----------3233'4-1---"""' A5 4824 =]
I il il A P g e B R A S _4'_8.142 0(%11 )3288)( -
-------- - B252783%w, FOp --- ------------ ---- }---- B39879XCRH OD : the sanme
or longer die Iife| ‘tonpared witA°347 ,s_t_e_e_l_H__s_w_eec_ez__@g3 ______ 3
[17]
Ad 314211 © g
_________________________________________________ g
A5 354824 © @
A6 248142 O
B1 103288 X o o
................................................. w B
o
B2l o ewmes | ox |8
B3 9879 )4 @
© : 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.

14



0 : dielife inferior to the steel sheet Al but superior to thegsi®el 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 mnute' at 1150C, pickled with an acid,
cold-rolled to thickness of 5 mm annealed 1 m nute at 800-1100C, and then
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A test piece was cut off each steel sheet pickled after being
annealed, and blanked with a clearance ratio of 2% under the same
conditions as in Example 1. A ratio of a shear plane in the blanked test
piece was calculated to research its relationship with grain size number of

5  the steel sheet. Results are shown in Fig. 9. It is noted that any of type-C
steel sheets according to the present invention was blanked with a ratio of a
shear plane being 100% rggardless its grain size number. On the other hand,
any of type-D steel sheets corresponding to SUS304 was blanked with a
lower ratio of a shear plane near 45%.

10 A relationship of a shear droop ratio with a grain size number is
illustrated in Fig. 10. The relationship proves improvement of a shear droop
ratio as increase of a grain size number (i.e. minimized metallurgical
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

16
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© : 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

An austenitic stainless steel proposed by the present invention can

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

manufacturin

g cost.
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25 16 19 Cctober 2004 Table 5: A RELATIONSH P OF DI E LI FE W TH NABTRALr 2004
PROPERTI ES OF STEEL SHEETS No. bl anki ng cycl es eval uati onnote until exchange
Oof dies Cl 321962 --------mmmmmm e oo m oo oo

C2339672 - - - - s s m e e e e C3321111
------------------------------------------------ C4342632

------- ChlEimg - ---------=--=-===-==-cc-cc-cc-------- (5 315622 --------------
---------------------------------- C62369810 D1112011xCD
-------------------------------------------------- D249876X ------

- - 1- - - - An -gustBnitic- stamress stéé?5@'h’r%%0nd%[)ar( @«:@Ikﬂ%a gﬁfb@ﬁy% fln%nﬂgﬁke@)thy i fe
conpared wi.ith the_steel she X fe interior he steel ‘sheet

Al but QIpEstingof (G /RN) U%tce%pf@ A@ass ‘Vélslxp to Ach@ara i, Mravp osP 010s81%.d% 6B An
aust eni {oi £0g4 Mass ?@35320%13390%0@9%3412 sk BENDIERPER o 5 LR Qﬂ)tlﬁﬁé]lly Mo B
bl anked to0_a product with h di ménsi onal accuracy, due t'o excellent
to 3.0 mass % and the balance eing Fe except inevitable [mpurltles under the condition that
a value Mdj; representing a ratio of a strain-induced martensite phase defined by the under-
mentioned formula is within a range of —60 to -14.3, which has metallurgical structure
minimized to #8 to #10 by grain size number.

Md30=551-462(C+N)-9.2Si-29(Ni+Cu)-8.1Mn-13.7Cr-18.5Mo

2. The austenitic stainless steel according to Claim 1, which is hardened 20% or more
by Vickers hardness by cold-rolling after annealing and pickling.

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

preceding claims.
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bl ankability, especially fine blankability. Even when the steelioghestr 2094
bl anked with a small clearance ratio, a ratio of a shear plane to a

bl anki ng plane can be kept at a higher |evel w thout occurrence of
substantial drooping. The stainless steel sheet is al so advantageous for
el ongation of die life, 10 conpared w ntional austenitic stainless
steel sheets such as SUS304. Consequen ?@gﬂﬁﬁanked products wi th high

di mensi onal accuracy e ined from.the. pr ed austenitic stalnless
steel sheet without iqﬁ{cer é%g’tgg l%gosefira% tﬁ%’?ﬁr Fﬁasr?%g%ts. € 7%‘@ ‘@5"(%’53?0”2004
Cains 1. An aush&Bi;hi ' , I ¢zh b ty in
i ne bl ankabi |11y ng e & 21 ENTSE 15 000 Ry ST § Qb ate L i PR Y
1.0 mass % Mh nugsst?, S upets 9.006 Hash%, 1920 36 %8s S5-¥2 rds 2 N1ReS Whto@
5-1.2 mass % N, Cu up to 5 mass % optionally Mo up to 3.0 mass % and the
bal ance bei Ag Meassx¥ep? 3idhewdssall Boi apdirtht i Bganeentieingt Re coeagl inatablat a
val ue MI30 representing a ratio of a strain-induced martensite phase
defined by the 1BRY&Ities jarer She gondiripm that & valuenYdsa(repregentong agutivef-al 4. 3,
whi ch has metal Lurgi.cal structur inimzed to #8.to #10Q0 by grain size
nunber . Nd30:5§kr-a3fgi?%¥ﬁ§- @afgin-sgg)( Eeﬁ@:ﬁn% Zl@’ ThgnuRderspentiion OT?}‘ﬁ?hés
austenitic stai : r.di Glaj ich is r 20% or
nore by Vi ckercghﬁgg?jﬁgg@lgéc%gﬁgg-o?g? fbngb aﬁqﬁ#eéﬁﬁ‘éépﬁeg“&%&d%?eg%F‘F%tg. 3.
An article madeffer a58iag caldSioBBl tik GrefeRhBly 658 St 6Rbreass UidicRY HaaRnuyone of
the preceding clains. 18 19 Cctober 2004 ABSTRACT The newl y proposed
aust eni ti c18t aindtelsrgtdatrivasreodthesicel sheet tnpiesdriably afjudted 16 2N)inlzd 0
0.060 mass % Si up to 1.0 nass % My up to 5 nmass % S up to 0.006 mass
% 15-20 nass BMopbermfB tpkkl op Rifinighy anpealed Stats. Fhs stel] shee3.i6 himslsed% Mo

and t he bal ance .hejn e except inevitable jnpyrities under the condition
that a val ue I\/ny‘g‘ %’fé‘p‘ié‘?é’ﬁ’t"inﬁga%?uf%&yi BH%F‘ dlégﬁ iz glse-pralnrged nartensite)
defined by the u - PR I f-qy.n . KolJ Wi t.hi D & e of -60
fo .10, rordness | orss SRRPHANL YR Al Pt e e s B ad BiPea <
preferably 20% or nore as Vickers hardness. A 10 netal lurgical structure of
the steel sheet is preferably adjusted to grain size nunber of #8 to #11
in a finish anneal ed state. The steel sheet is blanked wth high

di mensi onal accuracy, and a die |life is al so prolonged. Mi30=
551-462(C+N)--- 9.2Si -29(N +Cu) -8.1Wh-13.7Cr-18.5M 19



