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~stainless steel sheet, which 5 can be forned to an objec m,mmmmmww

hi gh di mensi onal accuracy w thout occurrence of cracking evensQy.severe or

mul ti stage deep drawi ng or cold-forging. Application of a stainless steel
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punp, which is usually exposed to a hum d atnosphere, is manufactured by
shearing a stainless steel sheet 1 to a predeterm ned size, drawi ng and

punchi ng t heg SORAROUNTEOF THEIINVENTION1Ee punched sheet 1, stretch
flanging formng the pierced sheet 1 so as to expand 15 a pierced part 2 to

an expanded edge XheapreshotvinvantfongreldtesAosd aofttstairdéss steek shedteedhiduch as
SUS304 is material nmuch superior in wrkability to ferritic stainless
steel . BOt, ocandre fommedustamohieetivy shapeewghdiigk|dimenppask aecaragy withontred to
an obj ective shape by severe working as shown in Fig. 1, fine cracks often
occur especioffysrenge tof ecragkingdevensdije sgversg op mw&a@ga&ehéiephv@mps or
i nvesti gated ﬁ]g’ researched for working conditions which enables formation
of an aust eff’tG 8% nl ess steel sheet to an objective shape without fine
cracks, cracking was not conpletely suppressed by nmere control of working
conditions. Then, the inventors investigated effects of materials on

occurrence of fi n@&;ﬁﬂﬁ:ﬁh@n AN s8R BE Gto N Bx @ hORE lcHSo A nt F2Rlst L ACKANT | S
assuned to be caused by the foll ow ng nechanism Wen a product

manuf actior edeby aekda) tanvarusisefibldsCasdaidticratiostdethes BacironmentsEsved,
strain-induced martensite is often detected. Generation of straminduced
mart ensi t e iisstding¢,i nmendier af hdydrhylicpdmopnwetich is usually exposed to a humid
atmosphere, is manufactured by shearing a stainless steel sheet 1 to a
predetermined size, drawing and punching the sheared sheet 1, piercing the
punched sheet 1, stretch flanging forming the pierced sheet 1 so as to expand
15 a pierced part 2 to an expanded edge 3, as shown in Fig. 1.
Austenitic stainless steel such as SUS304 is material much superior
in workability to ferritic stainless steel. But, when the austenitic stainless
steel is plastically deformed to an objective shape by severe working as
shown in Fig. 1, fine cracks often occur especially at the expanded edge 3.
20 Although the inventors investigated and researched for working
conditions which enables formation of an austenitic stainless steel sheet to
an objective shape without fine cracks, cracking was not completely
suppressed by mere control of working conditions. Then, the inventors
investigated effects of materials on occurrence of fine cracks, and reached the
25 conclusion that cracking is assumed to be caused by the following
mechanism:
When a product manufactured by v&llorking an austenitic stainless
steel sheet is observed, strain-induced martensite is often detected.

Generation of strain-induced martensite 1s distinct at a heavily deformed
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¢ part such as an expanded edge 3. Such the strain-induced nmartensite nekes
a stainless steel sheet 1 harder. Wen such a heavily deforned part is
further worked (expanded), a work stress concentrates at boundaries of the
strain-induced martensite due 5 to difference in deformation resistance

bet ween austenite grains and the strain-induced martensite. Concentration

-0f a work st "B shifl A8 hSpah Sﬁ%ggé’% SLE8 9L Eﬁ%ﬁn &&Eg%ﬁ%&? kes

devel oped by on i n uce during working an served I ne
cracks. Fine graskiesss@pl ldetntldeegr ades a commerci al val ue of a product)
ZO but al so causes troubles on the succeeding steps. It is also difficult
to install such a d¥hegstsudk ankedhely deforméy gaatiisi furtherpwodkedt Brparded), 4 | ne
cracks acts as starting paints of corrosion, so that a life tinme of a

hydr aul i ¢ pumponksstséssr comneuntrafeisret lonadisieaof thd strattetrsbiced martengteodarc t
which is nanufactured by 15 cold-forging a stainless steel sheet to an

obj ect i ve Sshdpediffgpprcsy iy defrmation renistanpr boblean agptopilgperatnesinsk the

st ai nl ess steel .includi Ion eV|§ of forgl dleﬁ is getting stronger and
stronger in cYF4B3pen oFeatibRe né’F?tB’F‘ sieg ?ﬁ@“?ﬁ‘érﬂth‘TYSH%“: 20
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gl abi |1 ty an SO superior o corrosi on resistance.
Fine cracks significantly degrades a commercial value of a product,
10  but also causes troubles on the succeeding steps. It is also difficult to install
such a defective member in a hydraulic pump. Furthermore, fine cracks acts
as starting points of corrosion, so that a life time of a hydraulic pump is
shortened.
Fine cracks are also detected in a product which is manufactured by
15  cold-forging a stainless steel sheet to an objective shape. Moreover, demands
for improvement on properties of stainless steel including longevity of forging

dies is getting stronger and stronger in correspondence with adoption of

severe forging conditions.

20 SUMMARY OF THE INVENTION
The present invention aims at provision of a soft austenitic stainless
steel sheet, which is formed to an objective shape without any cracking even
by severe or multi-stage deep drawing, cold-forgiability and also superior of
corrosion resistance.

25 A soft austenitic stainless steel sheet newly proposed by the present
invention has an austenite-stability index Mdso, which is defined by the
formula (1), adjusted in a range of -120 to -10, a stacking fault formability
index SFI, which 1s defined by the formula (2), adjusted at a value not less

than 30 (preferably 35) and Cu concentration of precipitates not more than



25 A soft austenitic stainless steel sheet newy proposed by the present

i nvention has an austenite-stability index Mi3o, which is defined by the
fornmula (1)) adjusted in a range of -120 to -10, a stacking fault
formability index SFI, which is defined by the fornula (2), adjusted at a
val ue not |l ess than 30 (preferably 35) and Cu concentration of precipitates

not more thag 2, Ly & O 0SS, 0050 A% 2T a0 SOARL & $50hyed Tr

a matrix at %
(C) =551- 462@-5%%3359. 2Si - 8.1 Mn-29(Ni +Cu)-13.7Cr-18.5M0 ... .. .(1) ,5 SFI
(m)/ nR)=2. 2N +6CuU-1 .1 Cr-13Si -1 .2M+32 -------- (2) Not less than 70 mass %

of nonmet al | heysh (el usinns4ehErensed dsh-a b 20REEoRy-eignablygopposed of
Mh0- Si 02- A120a contai ning not | ess than 15 mass % of Si 02 and not nore than

40 mass % of A120s, in order to inprove workability. Furthernere,-d1)

wor k- har denng exponent n defined by an 10 inclination of a true stress-true
strain cuf veSEE(mdren®)sy2.aNi ¢8€ul-¢el.1 €8+ 188d—al2Maatd2on El detect-ed By a

uni axial tensile test are preferably adjusted to 0.40-0.55 and not |ess
than 50% respectiMet yessj thasr d@rmass faalimaemetallis inchsiens dispexsed in a
occurrence of any crackjng even by nultistage deep drawi ng. 15 For use as a
col d-f or ged Pra&dtare Py r%ﬂ@épmé)ﬁm 01% Mn(; ?f&;éi%?w%ﬁw-%r@ laspthay py

dj usti .ot th 1200MP { . strai f 1.0 1
frue strose- if fsiot SR ednart el ¥ogs dupcalDlnertft Mty ai n
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preferably 20 consists of up to 0.06 nass % (C+tN), up to 2.0 nass % Si, up

to 5 masy % Melindfior Of B 6G1e%8tEEss 2ud sbRSs Urd defechedBpS fbnblle tost apd 0. 003

mass % Al and the bal ance being essentially Fe except i1nevitable

i mpurities. dibhegatunt &hidetected dynd ensaxdadletdnsiibaest aeegy ptafetdbdy adprted o at

| east one of u8 to 0.5 mass % Ti, up to 0.5 mass % Nb, up to 0.5 mass % Zr)

up to 0.5 ne84098H and net sy thmunbe%. wesmectively: on rder tassagyfdcturp ao d. 02

mass % REM (rare earth netals) and ?pato 0.03 mass % Ca. BRI EF DESCRI PTI ON
c

OF THE DRAWRKedugh gvithouts ogcwraprsentof cany esfaekigBartehobn prtstager geep

manuf act uri ngraz%vig punp nmenber. Fig. 2 is a graph show ng an effect of
each el enent on yg'el d strength of | 7Cr-12Ni -0.8Wnh stainless steel.

15 For use as a cold-forged product, the steel sheet is improved in
cold-forgiability by adjusting a true stress not more than 1200MPa at a true
strain of 1.0 in a true stress-true strain curve obtained by a compression test
at a strain speed of 0.01/second.

The newly proposed austenitic stainless steel sheet preferably

20  consists of up to 0.06 mass % (C+N), up to 2.0 mass % Si, up to 5 mass % Mn,
15-20 mass % Cr, 5-9 mass % Ni, 1-5 mass % Cu, up to 0.003 mass % Al and
the balance being essentially Fe except ineyvitable impurities. The austenitic
stainless steel sheet may further contain at least one of up to 0.5 mass % Ti,
up to 0.5 mass % Nb, up to 0.5 mass % Zr, up to 0.5 mass % V, up to 3.0

25 mass % Mo, up to 0.03 mass % B, up to 0.02 mass % REM (rare earth metals)

and up to 0.03 mass % Ca.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view explaining a process for manufacturing a



Fig. 3 is a graph showing an effect of each elenent on tensile 5 strength
of 17Cr-12Ni-0.8MW stainless steel. Fig. 4 is a flowchart fromdrawi ng to
expansion of a pierced part. Fig. 5 is a graph showi ng an effect of an
austenite-stability index Miso on maxi mum hardness of a pierced edge. Fig.
6 is a graph showing an effect of a stacking fault formability 10 index SFI
on maxi mum hardness Qf a pierced edge. Fig. 7 is a graph show ng an effect
of an austeniptugl%pa?ﬁﬁﬁeir‘ty i ndex Mlao on a expanding ratio of a pierced

edge. Fig. 81is a %@Pi‘issbg}“%ﬂggglﬁt{%ﬁgﬂéffe? td geém%?nﬂ?lbtfcﬁgwelé e ERAN! 1 LY

i ndex SFI on a expanding r ierce I'S a settional

view il lustrafihngra2floBVNagadidats agiegt obtai ned in Exanpl e 4. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The inventors assuned t hat

occurrence of craclHigg3disr angrdphr showing0 aaneffoct efichtlk cbment ass taitel
sheet was caused by generation of strain-induced martensite as well as

di fferencé i stmagtr ofal 7ON12Ns) SMmstaiesswetenl. aust enite grains and the
strain-induced martensite. On the basis o such the assunption) the

i nvent ors have i nv&dgi4itactiowsharbiaomfbawing trexpassionefiiapicrsed nsrbperti es

on generation of styaip-.induce rtensite... 25 Transfaormtion . an
austenitic phase to%&t?dr it ﬁ'mpg“egha%e%ief%cﬁ é’irﬁf‘oﬁ’b?t@’altﬁ'ft‘g?éﬁ{?’r Hdexon of
crystal latti of the. austeniitic phase dye to stress introduced during
wor ki ng and « ‘ﬁ%’e"ﬁ‘t?’&f“ﬁ‘%‘ﬁ“&’fa‘rg{‘?% & Mers ie(5]_§§' precipitates dispersed in
the austenitic phagg, f‘x‘é‘%r AN s winBears bERENof AIUSEENERGRLAN RIrnBblify

suppressed by such an
10 index SFI on maximum hardness of a pierced edge.

Fig. 7 is a graph showing an effect of an austenite-stability index
Mdso on a expanding ratio of a pierced edge.
Fig. 8 is a graph showing an effect of a stacking fault formability
index SFI on a expanding ratio of a pierced edge.
15 Fig. 9 is a sectional view illustrating a cold-forged product obtained

in Example 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The inventors assumed that occurrence of cracking during forming

20  an austenitic stainless steel sheet was caused by generation of strain-induced
martensite as well as difference in deformation resistance between austenite
grains and the strain-induced martensite. On the basis of such the
assumption, the inventors have investigated and examined effects of
mechanical properties on generation of strain-induced martensite.

25 Transformation of an austenitic phase to strain-induced martensite
is promoted by deformation of crystal lattice of the austenitic phase due to
stress introduced during working and concentration of stress in various
precipitates dispersed in the austenitic phase.

Generation of the strain-induced martensite is suppressed by such an



al 1 oying design as to maintain an austenite-stability index Mi3o, which is
defined by the fornula (1), in a range of -120 to -10, preferably -90 to
-20. However) neither cracking during working nor hardening is conpletely
inhibited by nmere stabilization of an austenitic phase, especially in a
process 5 for manufacturing a product with heavy deformation. That is, a

remai ni ng austenitic phase is also hardened by intr.oductio f strain
during vvor}lfi g{él.olymetd_e\ﬁgk %?a??@‘rﬁ‘%@‘?é‘ﬁ‘_a@}‘%‘ﬁ“f‘ﬁ'sﬁailf by qudex Mding thbéfﬁbésd bé
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fault formability 1 ndex SFI defined by above-nentioned formula

t he stacki ng jhaiHited 19 ARBE kidbYlidatdaxofIn ahstefitR! phaseCespetianiyanad peicaski ng
faults is accelerated even by a little energy, and propagation of

di sl ocati 6ns fbs nidmdacirsgse progud heith tlaaky ndpférandticn. Psataisr esremgining

di sl ocations are accunulated in the matrix, and an austenitic stainless
steel sheet ianstenific pdragensalsoThardened biynigtrosdyction of wiusin iduyingnweskisgl s
remar kably raised by solution of Cuin the matrix. In this regard, an
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drawi ng or c - i I tes ki i Mi30 and the

st acki ng fauﬁ#gp%&h 6??F¥§Hﬁﬁﬁg§§§§*&§?§E%?g%%%¥?”§ ?ﬁéted by an al |l oyi ng
desi gn ofjpan austenitic stainless steel. Mst inportant matter is to
maintain a ratio of Cu dissolved 25 in a matrix at 1.0-4.0 mass %

Di ssol ution of Cu gtossibelityttdegenatdte stakaik fhllys caarbie trsdibat2debyi £bthckingengt h
and tensile strength, as noted in Figs. 2 and 3, which show effects of each
el ement on yifehlt Stmahiith iadex Sdsddfmest b nbhove wentipaed fonpula. @3nWeai nl ess
steel, as reported in ISIJ International, Vol. 34 (1994), No.9, p.764-772.
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in the matrix, and an austenitic stainless steel sheet is work-hardened. The
stacking fault formability index SFI is remarkably raised by solutioﬁ of Cuin
the matrix. In this regard, an alloying element Cu is not only an alternative
additive replacing Ni to save a steel cost, but also an effective element for

20 improvement of formability and decrease of work-hardening during severe or
multi-stage deep drawing or cold-forging.

The austenite-stability index Mdso and the stacking fault formability
index SFI are properly adjusted by an alloying design of an austenitic
stainless steel. Most important matter is to maintain a ratio of Cu dissolved

25  in a matrix at 1.0-4.0 mass %. Dissolution of Cu at such the ratio remarkably
reduces 0.2%-yield strength and tensile strength, as noted in Figs. 2 and 3,
which show effects of each element on yield strength and tensile strength of
17Cr-12Ni-0.8Mn stainless steel, as reported in ISIJ International, Vol. 34
(1994), No.9, p.764-772.



P mthe matrix or the precipitates is detected by EDX-analysis of a sanple
observed by a transm ssion electron mcroscopy (TEM. Dissolved Cu can be
adjusted to a proper ratio by controlling conditions of rolling and
heat-treatment during manufacturing a stainless steel strip or sheet. For

I nstance, a proper ratio of dissolved Cu is assured by 10 annealing a hot-
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the stacking fault formability index SFI at a value not |ess than 30.
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1.0-4.0 mass % 20 Consequently, an austenitic stainless steel sheet can be
pl astical | y elseovaddhy a sransmipgier elegtronmisrosapphiEMegr adat i on of

wor kabi lity and softness. The austenite-séability index,Nﬂgo not re than
-20 assures formatPHEoled: 8 3R thehiadpusted 440, 3 PTORGTE EALIO oDY FopbyoLlang v e
shape under stabl.e Wor kilrll. con(ﬂ'tig_ps) si nce the tranifg&mation belhavi or
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are not necessarily added too much. The work-hardeni ng exponent nin a
range of 0. 4DhéreS5 mB@ANG restriction of a heating time, as far as the strip is heated at
1000°C or higher.

Generation of strain-induced martensite is suppressed by
maintenance of the austenite-stability index Md3so in a range of -120 to -10,

15 and occurrence of stacking faults is suppressed by maintenance of the
stacking fault formability index SFI at a value not less than 30. Furthermore,
hardening caused by generation of the strain-induced martensite and also
hardening of an austenitic phase caused by accumulation of dislocations are
suppressed by maintenance of dissolved Cu at a ratio of 1.0-4.0 mass %.

20  Consequently, an austenitic stainless steel sheet can be plastically deformed
to an objective shape without degradation of workability and softness.

The austenite-stability index Mdso not more than -20 assures
formation of the austenitic stainless steel to an objective shape under stable
working conditions, since the transformation behavior toward strain-induced

25  martensite is hardly influenced by falling of an ambient temperature or rise
of a working speed. On the other hand, adjustment of the austenite-stability
index Mdso not less than -90 favorably saves a steel cost, since austenite
formers such as expensive Ni are not necessarily added too much.

The work-hardening exponent n in a range of 0.40-0.55 and



$ , elongation El not less than 50% al so facilitate a severe or nultistage
deep drawi ng process for manufacturing a product w thout cracks. The

wor k- hardeni ng exponent n and the el ongation El can be adjusted to proper
| evel s by controlling conditions of rolling and heat-treatnent during 5
manuf acturing a stainless steel strip. The work-hardening exponent n is

cal cul ated as_incljnatjon of a trueostEeSE-ﬁrue strain cuxrn\é/lf_obt ai ned from
data of a terfdoneatioaskl net less than A% alspriagiitate  sevener oramuftiistagesdeapy ge
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plastically deformed with ease during press-working by adjustnment of a true
stress tosa |exehfabhiridps etdihRes dfeelldpfPYPa at a true strain of 1.0 in a
true stress-true strain curve obtained by a conpression test at a strain
speed of O A/ secorfthe Gudhhatdenady esgioment niis calcatated fasdhehmationrofl ohgevi t y
of metal dies. Consequently, a cold-forged product can be manufactured at
an econoni calsteesgtrueastyaimn cunvgdbtainedJrame|dasm ob e, teppile heshaming a sample,

wor k- har deni ngh_egponent n 20 in a ra}nge of. 0.40-0.55 and el ongati ogn El not
| ess than 509%DighinFwsofh asitpinlessisies] shaeledfons @ HansHsr e hgecionyrasyipg
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not or or sensor manufactured by severe nultistage deep drawing, and a

canopy of a lelongationtdfa disteacerbetweentmadedpointsoni ng: Workability of the
austenitic stainless steel sheet is further inproved by conversion of
nonmet al | i ¢ i ncl usiFowthegrmeee,pi staiddss steal sheet iscolastiealin deformed with ease

Mh0- Si 02- A1203. . The effect. of nonnmetallic inclusions ori wor kabi | i ':% is
appar ent | y nsuEhaRressmeskinghy adustmant ofimtrusstipgs do a lgyelmot morg by | i ¢
inclusio t -l 02- A1203 cont.ai ping . not |ess than 15 mass, %.of .S 02 and
ot or o 1ohar YA S A5 eS8t 10 g LR Iy Flieltelan obEIBEAEY at ed
by deoxi di zi ng t i, t i i ni | 8ss, {: ss %
of Al in pr es%e%%m%!%gﬁggitgﬂs?% ﬁﬁg%\?gﬁjh@éﬁ%&@%x. I z‘?%ga&a{?%gnse:)%grg e. The
MhO- Si 02- A12Qibsol Tedctist 36r 1oighviey 8NmeltslofHacchghandly, & MM Poredd P3dduct

contai ning nore than 40 mass % of A1203 generated in an ordinary refining
process) is ehobga@thfacturedpbasecémmniidalpdoatt i ¢ def ormati on of an
austenitic stainless steel during working so that it does not act as a
poi nt for initiatidnsodt saxinlers algel m@etn@?wo}x haoposal-karderingtaxponendi ml ess
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up to 0.003 in Srgd\g/geﬁl during working as plastic deformation (i.e., metal flow). Moreover,
softness of austenitic stainless steel itself is maintained during secondary
operation due to the alloying design resistant to generation of strain-induced
martensite and occurrence of stacking faults. Therefore, the stainleés steel

25  sheet can be applied to a member of a hydraulic pump as shown mn Fig. 1, but
also casing of a motor or sensor manufactured by severe multi-stage deep
drawing, and a canopy of a lamp or the like manufactured by ironing.

Workability of the austenitic stainless steel sheet is further improved

by conversion of nonmetallic inclusions precipitated in a matrix to soft



15 and up to 0.005 mass % S. The austenitic stainless steel sheet may
further contain at | east one or nore of up to 0.5 nass % Ti, up to 0.5 nass
% Nb, up too.5nmass%r, upt 00. 5mass%W/, upto3. Omass%vb, upt a0. 03nass% B, up to
0.02 mass % REM (rare earth netals) and up to 0.03 mass % Ca. 20 Al though

t he above-nenti oned conposition itself is already proposed by the applicant
in JP 9-263905 Al, a new austenitic stainless steel sheet good of
formability iMn@riGededOby Theopéetty of oxmineétaHicn gndlhgions sire rwarkabilapi isi ty

i ndex Mi3o and the stacking fault formahility index SFlI. The new austenitic
stainl ess st @Parydbt neled B conyiextine ot dassoianc 10 massnad the ngnmedatiicany
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corrosion resistance and_dinensi opal uracy. Effects of these alloying
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steel sheet raises 1ts 0.2%YVyie strength a dness

sol uti on- har aeth B®i dloyt@nbhiniifgeless ity 1 hedsden of Ml aa BréseduefbadiBklagnai t e,
and put harnful influences 5 on deep drawability, stretch flanging
formability, aseaocndar yr opmt-atidiving catomiapheérey Bhed MaOmBi€esAlo0sdaichusiabi 1 ity.
Excessive addition of C also causes occurrence of fracture (so-called
"season- cr acWiffierent ftornhped galawde iMpQs Al2) 2 edntaining gnerertbo HOf hasy Vo
formng. Defects caused by Cand N is inhibited by controlling a total
ratio of C add2®s generateyl pnas apglinary gginingopraress: ¥oelopgaied,isjrepronsg to

T R A R A
an austeniti (30%; ANl 8SS a'sﬁt,(ﬁg{ &hgﬁgat-&c&eclr h3hes wor k- hardeni ng, and
degrades secondary operation forma |f|ty. %I c%’ntent is 15 preferably

control | ed not nor ghkhaBwly 2prEpesed0du¥beifitiPr fa8flad Vst sHBMLE prb@Patily8 Mass
%, in order to increase a stacking fault formability index SFI to a val ue

of 35 or noreomtfabectip\te (.08 neispHEIN)p0pad 20 kads e Gnupdo 5 Mmab® Magi on
where Si content exceeds 1.2 nass % an austenitic stainless steel sheet is
i mproved in 46r%smasgp s Osi DA mascki Ny-I-@4iGkmans & 20, aptthdLgdB mass % Al
workability is sonewhat degraded. An alloying design to maintain a stack
fault di#3icardyn Hy8:008pnasy %Sy The austanitie skaipless stasl jsheef) may dprider ve

i h the. i d t [ | i
o1 acki ng. 1 esFENARGAL fowh Sug ebterp  HBel ALF SHHF of hcsth 14 52 A ohudos 25
As Increase QJ 0.%99@%% upScB 08 Hra'sé‘%lﬁeﬁip [ﬁaﬁ.beiﬁ'ﬂst% M(?, Lﬂfifod(l).l% mass %
B, up to 0.02 mass % REM (rare earth metals) and up to 0.03 mass % Ca.

20 Although the above-mentioned composition itself is already proposed
by the applicant in JP 9-263905 Al, a new austenitic stainless steel sheet
good of formability is provided by properly conditioning the
austenite-stability index Mdso and the stacking fault formability index SFI.
The new austenitic stainless steel sheet can be formed to an objective shape

25  without any cracks caused by generation of strain-induced martensite or
hardening of an austenite phase, so as to enable of manufacturing a product
good of corrosion resistance and dimensional accuracy.

Effects of these alloying elements will be apparent from the following

explanation.



generated, and 0.2%yield strength, a degree of work-hardeni ng and

resi stance to conpression deformation are reduced. However, excessive
addition of Mh nore than 5 nass % accel erat es damage of refractory during
st eel -maki ng and generation of M-containing inclusions which will act as 9
I, points for initiation of cracking during working. 15-20 mass % C C is
an essenti al , el enent é r. inmprovenment of corrosion resistance, and its
effect on cofr'd%iyhti¢ zﬁéFggb is apparently noted at C content not 5 | ess

th 15 % Coj pr. Ny kNt i fi th fect. of Cr [
e T s e e e
L osE TS RSB, T o RS N oty o

increase of Qruffavd@Bly haflehhitPaingaaicbd MArtdRRRE, ddhit Rirnthul eMiAREs i s 10
determned at 20 mass % 5-9 mass % N N is an alloying elenent effective

for inprdvenant dadp cdrakability, rstseteh afiapgisigc fomsalplity, i serondaryst apeeatiom
co-presence of Cr. The effect of Ni on corrosion resistance is apparently
noted at 5 nissmabildy andecomyression edefermability. NExessaivenaddisienaobtemise ¢
stainless steel is softened and ingéov?d in secondﬂ%é 8peration ,

f or mabi | i t y, cansep opsurremnel of fracture dsosenlleds gasng-eraekingl)| 2k 9 nart bgaplessi on
deformabi ity due.tg suppressjon of woyk-har i ng caus by. generati on of
Str o nei nductaigt: SraE B eEheluteing Tttt IR SR ot SRAbeher ve
Ni raises a Y2} upper . imi  of ' t o rmned at 9
mass % accou%[h?tﬁgecfgpzk%?t? @é‘?{ %(?nto&\%)lr% 0ic\?ict %IQ(li ﬁl trogﬁg(% ?%r?svx/n"s ?ﬁ%tgg'st eel cost.

1.0-4.0 ypsssffh 86 has@4 al loying el ement, which suppresses
wor k- har deni ng caused by generation of strain-induced martensite, softens

an austenitic staigigssn dHogingadlembreleavel fidal aVikexidednpdgent apésdts on
formability, deep-drawability , stretch flanging formability and

conpr essi on weften nebell duyging Tdieslemekingc tBxcessive pdditanl yf Sotredreatha@u 2dbnt ent
not less than 1.0 mass % Dissolution of Cu in a steel matrix is preferable
for realizingasuci¥t hardenecas, wsuatenibickagiinless i steeht Bheetdegeealerntes
I ncrease of v%lfkqgg(ﬁinri}ilgr} g e{gggirghésaée%ghdédf'yr%eirgti(?r{ folr(x)nability. Si content is
15  preferably controlled not more than 1.2 mass % (more preferably not more
than 0.8 mass %), in order to increase a stacking fault formability index SFI
to a value of 85 or more effective for suppression of work-hardening.
In the region where Si content exceeds 1.2 mass %, an austenitic
stainless steel sheet is improved in stress corrosion cracking-resistance
20  although its workability is somewhat degraded. An alloying desi-gn to
maintain a stack fault difficulty index SFI at a value not less than 30 is also
effective even in such the case, in order to well balance stress corrosion
cracking-resistance with secondary operation formability.
Mn up to 5 mass %
25 As increase of Mn content, strain-induced martensite is hardly
generated, and 0.2%-yield strength, a degree of work-hardening and
resistance to compression deformation are reduced. However, excessive

addition of Mn more than 5 mass % accelerates damage of refractory during

steel-making and generation of Mn-containing inclusions which will act as



1 i Cu-containing precipitates can be properly suppressed by controlling
conditions of rolling and heat-treatnent. Since Cu is an austenite forner,
Ni content can be selected within a broader range as increase of Cu
content. For instance, addition of Cu at a ratio of 2.0 nass % or nore
allows reduction of a 5 lower limt of NI content near 5 mass % However,
excessive additiop of  Cu nore than 4.0 mass, % puts harnful influences on
hot - wor kabi IPQW*’%&T&W"@GMWW‘E“%EQPﬁPé&rgt‘é’el sheet. Al up to 0.003 mass
Al content SQ@% be ﬁ% rolled to a value not nore than 0.003 mass % 10 in
order to con MRt 1ic i nclusions, which are precipitated in a steel
matrix, to soft an . - S 02~ t s 0.003
mass % hard A1203€EF%J§E12€?SI§?}P‘{'}\% %\:{E%ﬁgkﬁ&a??lag@eﬁ%ﬁ%ﬁg C?)g&tsfo% i gst%lgg%’ of

cracking durjng ;MO Bn Arfosighs irééistﬁ‘ﬁ@@"i@faﬁﬁareelﬁtlirﬁnét%dpatoéﬁ cORtent ljnFs_t

Hot - wor kabi l 1ty of an austenitic stainless Steel sheet in a hot-rolling
step is degrmdecthahf 15 masd aat 0oxHesse 0of00h iMREHsifes Ihal sfedpubss Grasnt ul

i nfl uences on secondary operation formability) deep-drawability, stretch

fl angi ng f oreoxbodion yesdstednceariute ani austerdatiorstainldsststeel Gher $§ miade daardérance i s
al so degraded, since dispersion of MiS inclusion in a steel matrix is 20
accel er at ed and jitic pecandany opexadioneformabilityndeen  drawphiditerathtigh dbanging | ed at
a val ue not re . than 0.03 nass % in order to reduce type-A incl|ysions,
especi al |y Megmahpitenand copaprsssign s defgrmability e IV ARy @P@radﬁ a2%or ki ng
step to expand a pi d rt, P-0,5 mass % each of ,Ti AL and V25 Ti,
b7t Cand Wi SRasIbhs o dot R 8 ledt oAl s Ert ARt Yo

aust eni tjigc s&&h%;&% alRphashget by fixing solution-hardening el ements such
as Cand N, resulting in inprovenent of secondary operation formability,
deep- dr awabi 4-9tyassStsMgt ch flanging formability and conpression
deformability. The effect of these elenents is saturated at 0.5 nass % A

lower [imt of eadi: iId an ialleyiigeelenigntpsffdctivabioy fepevemead ot cddrdionrass %

in order to convert
resistance such as pitting resistance in co-presence of Cr. The effect of Ni on

corrosion resistance is apparently noted at 5 mass % or more. As increase of
15 Ni content, an austenitic stainless steel is softened and improved in
secondary operation formability, deep-drawability, stretch flanging
formability or compression deformability due to suppression of
work-hardening caused by generation of strain-induced martensite. However,
since excessive addition of expensive Ni raises a steel cost, an upper hmit of
20 N1 content 1s determined at 9 mass % accounting the effect on workability in
relation with a steel cost.
1.0-4.0 mass % Cu
Cu is an alloying element, which suppresses work-hardening caused
by generation of strain-induced martensite, softens an austenitic stainless
25  steel sheet and improves secondary operation formability, deep-drawability ,
stretch flanging formability and compression deformability. These effects are
typically noted at Cu content not less than 1.0 mass %. Dissolution of Cu in a
steel matrix is preferable for realizing such the effects, but workability is

rather degraded as increase of Cu-containing precipitates. A ratio of

10



ponnetal lic inclusions to soft M0-Si02'~203. 0-3.0 mass % Mo Mo is also an
optional alloying elenent for inprovenent of corrosion 5 resistance. But,
excessive addition of Mo causes increase of hardness and resistance to
conpressi on deformation, so that an upper limt of Mo content shall be
determned at 3 mass % B is also an optional alloying element for

i h kabi | hi bi d -ro) lj . B
exbesstve addi GG, DEGRIHES B0 R gt OVOERIF I Ly PV soRtalny
upper |imt %% ﬁt %‘ to? Qllixﬁ}?ainld ﬁ? atc{%:ﬁmn@egml%g (%l Qs aH%%g ﬁoite t()pm%¥ rﬁss %

REM rare eart SO0 an opfion oyl ng erren ective

for inpr Ovemé&tnteﬁt ch?ﬁaeVé@felé%t?f Jvithih %r&hﬁr% e 48 11§:reI§1ﬂ?oieéI1 @6hteRt. FHEM i S

saturated at 0.02 15 nmass % excessive addition of REM nore than 0.02

mass % causesnétaﬁétf; I&ldﬂihcﬁﬂéi" @@at aWatisdPp 2|0 inysOh GNmaLs hRowE r@dlﬁt@hrdfass
steel sheet. An upper limt of REMis preferably 0.005 mass % in order to
convert ndnnmidvedd limii of Nisootent tne as &f tnabd O6. STORE verDBxceBsife Gl dimms of4CGa 20
Ca is also an optional alloying elenment effective for inprovenent of

hot - wor kabi | imare tham 4fG aeasso¥e patsohatrofulwimilugbied op het-warkabalitydohiano. 03
mass % and excessive addition of Ca nore than 0.03 mass % causes poor

cl eanl i ness @Pswlfa‘h%ttaé‘ﬂie?% gtegh shest-ess steel . An upper limit of Cais

preferably O. % ,{order to convert nonnetallic inclusions to soft
25 Mn0- Si 02- Each stainless steel having conposition shown

in Table 1 was refi 286 1p800hft HOUSh 4 o8EF Lo b GaheShAlimo RGN 0GL 1R o4 0

t hi ckness of 3nm a extracting tenperature o ot ~rol | ed

steel stipp YRSrddRAbGRNelt Hbﬁ}HEﬁlﬁé infel@6ns, Rl Rich Ot rebipHatéCinla sto¢dl then
cold-rolled to thickness of 0.4 nm Thereafter, the cold-rolled steel strip

was anneal ed rdathixN¥é SofdtandiOsgatabld MhOkS$i€- RGANIf Al Eattbneox@edobl0dd st eel
strip manuf actured in this way had nechani cal
mass %, hard Al203 clusters, which will act as points for initiation of
cracking during working, are easily generated. /
S up to 0.005 mass %

15 Hot-workability of an austenitic stainless steel sheet in a hot-rolling
step is degraded, if S content exceeds 0.005 mass %. S also puts harmful
influences on secondary operation formability, deep-drawability, stretch
flanging formability and compression deformability. Corrosion resistance is
also degraded, since dispersion of MnS inclusion in a steel matrix is

20  accelerated as increase of S content. S content is preferably controlled at a
value not more than 0.03 mass %, in order to reduce type-A inclusions,
especially MnS, which act as points for initiation of fracture in a working
step to expand a pierced part.

0-0.5 mass % each of Ti, Nb, Zr and V

25 Ti, Nb, Zr and V are optional elements, which suppress hardening of
an austenitic stainless steel sheet by fixing solution-hardening elements such
as C and N, resulting in improvement of secondary operation formability,
deep-drawability, stretch flanging formability and compression deformability.

The effect of these elements is saturated at 0.5 mass %. A lower limit of each

11



properties as shown in Table 2. 13 TABLE 1: COWPOSI TIONS Or AUSTENITI C
STAI NLESS STEELS USED I N EXAMPLE St eel ~l oyng El enents (nass

%9 MdShl di ssol ved CuNOTEKi ndao( mass

% CSi MiNi Cr SCUMoNI nvent i veAO. 0140. 371. 697. 911G 900. 0013. 200. 100. 021- 37. 843.
22. 9Exanpl el nvent i veB0. 0140. 331. 4712. 0217. 030. 0031. 930. 070. 012-114.745. 2l , g
Exanpl eC0. 0470. 4Q0. 908. 701. 8. 200. 0l 50. 200. 780. 029-17. 525. 30. 2SUS304Conpar at
i veDO. 0050 2clemend i53peefewpbly detagmipsd at 0.01 mass %, in order to convert

.. 0.013-4.628. 30. 1Exanpl eConpar at i veEO, 0201. 442. 03G 9915. 900. 0U4| . 95- 0. 028-
22.020. 41. 7 ceEnpeksilieinghsdons to soft MnO-S5i0z-Al20a.

(C) =551- 462(&5[}92- 9. 2§i HAr% | Mh-29(Ni +Cu) - 13. 7Cr-18. 5Mb SFI (mJ/ nR) =2. 2Ni +GCu-
|.1Cr- 13Si--P: 20232 T™8e underlined figures are beyond ranges defined by

t he present inventy ;gﬁa!rnﬁc- 1 158k Iﬁgﬁl{g’lj % W STEEL
SHEETS St eel KndO. /Q?/ia(la%() st en%} h gVéﬁ%‘%ensfﬁe st rer?géﬁl R/gg | ckers
hardness 5 H\)o2l@ngal IR’ excessive addition of Mo causes increase of hardness and

(99 A22051171155B22250210952C2746371 6057D33963115446E28862613055 * : A val ue

measur ed by xsistames &l cdngprebdion deformAtiohask thit ddrappen lonia v Me covtens hear ed
from each stainless steel sheet, and drawn to height of 7mmwth a
bl ank- hol di nghadl les deteemaiediatt bmass %.

B is also an optional alloying element for improvement of
hot-workability to inhibit cracking during hot-rolling. But, excessive addition
10  of B rather degrades hot-workability, so that an upper limit of B content shall
be determined at 0.03 mass %.
0-0.2 mass % REM (rare earth metals)
REM is also an optional alloying element effective for improvement
of hot-workability as the same as B. The effect of REM is saturated at 0.02
15 mass %, but excessive addition of REM more than 0.02 mass % causes
hardening and poor workability of an austenitic stainless steel sheet. An
upper limit of REM is preferably 0.005 mass %, in order to convert
nonmetallic inclusions to soft MnO-SiOz2-Al203.
0-0.03 mass % Ca
20 Ca is also an optional alloying element effective for improvement of
hot-workability. The effect of Ca on hot-workability is saturated at 0.03
mass %, and excessive addition of Ca more than 0.03 mass % causes poor
cleanliness of an austenitic stainless steel. An upper limit of Ca is preferably

0.005 mass %, in order to convert nonmetallic inclusions to soft

25 MnO-SiO2-Al20s3.

EXAMPLE 1
Each stainless steel having composition shown in Table 1 was refined,

continuously cast to a slab, and hot-rolled to thickness of 8mm at an

12



5 using a cylindrical punch of 33mmin diameter having a punch radius of
3mm and a die of 35mmin dianeter having a die radius of 3nm An openi ng of
| Ot in dianmeter was then formed in the drawn blank at its center, and then
t he opened edge 2 was expanded in presence of a lubricating oil having
viscosity of 60mR1ls (at 40C), as shown in Fig. 4, using a cylindrical

of. 3nm and a beaded die

punch 10 of 33mmin di aneter hayi & nch radgjus

of 35mmin diSHACER8{smnegatereo 153%?%% Esﬁfﬁqie%h%tﬁ%la%?@r?"aﬁ%&ﬁé@g bf the
pi erced edge 2. was ;ed.. and hardening of ,the blank.cgused. i eLCing
hae. eval uar edtiys il Tiad: Gunie O B h0S, Bha sPe *HATIER 5 FakheB Bl, P
quant i tati velys Gyal UbldoShEe 8l LAMGNAD oLl MRRL! kbl adiSIdl § s @0ge 2
was expanded by pushing a punch therein until ocCcurrence of cracking, a

di ameter of tipgoepemidgicRizdogeM.rence of cracking was neasured, and a
critical expanding ratio ERori.(% was cal cul ated according to the formula
of : ERcr5. _ (Rl- BychRoldXrdl¥d, stediastaipmm Roufastuaad imithisavaydhadeieghanicalP0 t he
opening and R~ is a dianeter of the opening on occurrence of cracking. 15
Resul ts are giroperties aSablown3dn Tablé 8. under st ood t hat the maxi mum har dness of
t he expanded edge 2 was nerely 310HV as for the steel A or 308HV as for the
steel B (I nventive Exanples), while the maxi num hardness was significantly
rai sed to a value of 360HV or nore as for the steels Cto E 5 (Conparative
Exanpl es). Cracks were not detected at the expanded edge 2, until an
expanding ratio of the edge 2 exceeded 70% as for the steel A or 69% as for
the steel B. On the contrary, cracks occurred at the expanded edge 2, even
when any of the steels Cto E was worked at a fairly | ow expandi ng rati o.

13



10 TABLE 3: MAXI MUM HARDNESS OF PlI ERCED EDGES AND CRI Tl CAL EXPANDI NG RATI OS
I N RESPONSE TO STEEL KI ND St eel maxi mum hardness of A critical expanding
ratio Kind a pierced edge (HV) (% A31070B30869C36252D38147E39043 Results
shown in Table 3 prove that the critical expanding ratio is 15 nore reduced
as a steel sheet was nade harder by deep-draw ng and piercing. Decrease of
the critical expanding ratio neans Iimtation of an opening defined by the
expanded edge to snmgl| diameter. Then,: thejinventors researched and

exam ned an effect of aniaustienite- 5tab2| ity index Miso on wor k- hardeni ng
as well as am effect gfma 2Q stacklm@”f @ubt formability index SFI on

el ongation. for fhe rgs (g 'S cand g E-dm' nati ons, various stainless
steel sheets|werte priepage age | s egl §¢-stability index Mi3o and

stacki ng faullt f%r meloil Kt Ve Bnider S8 eBelVari ed by increase or decrease of
each all oyi nq—eenpenen—t—én—t—he—b&&—s—ef—t—hf: conposition of the steel A 5 A
bl ank shearLgi fBom each st ai nl ess steel sheget was deeply drawn, pierced and
expanded undg¢r Ehe slane conditi ons as abovg-nmentioned. Maxi num hardness of
t he expand edgen2 arﬂ a ecrltl‘?i | parRi Mg ratio were investigated in

rel ation wih t’EeEaustenlte st ab I|ty i nde Mi30 and the stacki ng fault
formabilit nde><~/SFI. 10 Resultsiare showp in Figs. 5to 8. It is
understoodzhat a_bigger iexpanding ratio abhove 60% was gai ned while
suppressi ngijncr ease} of ma rrum har dness_, E t he expanded edge 2 at a | evel

not nore tf@mn 350HV, vﬁeh adstenfte-stability index Mi3o was controll ed
in a range Yf TZOto‘“lO "émd‘?‘he Stacki'ng fault formability index SFI was
control | ed hgt—tesstham 530 Accounting|t hese results, a stainless steel

sheet (whi bel gngsj t® th@ st eel ! Aqgn Taplle 1) having an
austeni te- §44bi IEty jrglex Mi3o fWf i-37.8 @nd a stacking fault formability
i ndex SFI cﬁ 43.72 was drawn to hei ght of " 7nm) pi eré:ed with a dianeter of
2%$mm and buj rred ;\pa..u & er ced cugc 21t8 20 deanmeter of 33mm under the
same condi t&gns as% apose- rr&m oacgeel finOONpl eges ofgbl anks were worked in
this way, wafhouf Bckur én&@ ofScraki ngat Bhe expanded edges 3.
Therefore, &he b ﬂ"'w WeF-e weH wsed—as—refbers inStalled in hydraulic
punmps. On ¢ ot he hagd,, en @l ank]s sh arled frorEstainl ess steel sheets
havi ng eit leer onJaS bet h an=25 dust e i tle=stabigity index Mi3o nore than
-10 and a $3cki hgfhult fnrn‘a-b+-1—|~¢-¥—t-nde9<—§ﬁl Iesg t han 30 were worked
under the sane c bngi tiﬁns,, o racki Ngw nevist ahly occarred at the expanded
Zl~|1 O N e N T s @ 57 N S
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JABLE, 4: EFFECTS OF VALUES Mi30 AND SFI ON OCCURRENCE COF CRACKI NG 00
Misafter piercingafter expandi nga nunber of oSFI maxi num hardness (HV)
maxi nrum hardness (HV) presencedefective goods (pieces/1000)of a pieced
edgeof an expanded edgeof
cracks-3843310357n00- 2821361 441yes113- 1820381446yes204- 232392453 yes
831- 53839045

o7 5423023 EANEE 5 MSBSHANIGAL FROBEREIES O, STALESS STRELSHEE S xavpL £ 2

Each st ainl | bavi t it h in.Table 5 fined,
cont i nuous! ytesel eE 4208 ?tfgg mi?ﬁs?‘%%i‘;hnétﬁntﬁﬁcg%%fdﬁ% oloaation” (%)
extracting temde} SHGPEMH FEep I

\

350C. A t he {hot-r d steeél strip was 5
annealed 1 mnutp at 1150C, it was pickledland cold~rolled to thickness of
0.4nm Thereabtef, the?ol d-rolled 3teel stjrip wabl¥ini shianneab®d 1 minute
at 1050C and--t-hep-pi-cki-ed-agairn:--—-A-bt-ank-stfear-ec-from-each--st-eet--stri-p was
observed by apm troscape, 502 109 59

C 274 637 160 57
.................................... I S
D 339 631 154 46
........... [ S N S
E 288 626 130 5o

* . Avalue measured by a uniaxial tensile test

A blank of 74mm in diameter was sheared from each stainless steel
sheet, and drawn to height of 7mm with a blank-holding pressure of 1 ton,
5 using a cylindrical punch of 33mm in diameter having a punch radius of 3mm
and a die of 35mm in diameter having a die radius of 3mm. An opening of
10mm in diameter was then formed in the drawn blank at its center, and
then the opened edge 2 was expanded in presence of a lubricating oil having
viscosity of 60mm?2/s (at 40°C), as shown in Fig. 4, using a cylindrical punch

10  of 33mm in diameter having a punch radius of 3mm and a beaded die of
35mm in diameter having a die radius of 3mm:.

Thereafter, hardness of the pierced edge 2 was measured, and
hardening of the blank caused by piercing was evaluated by the maximum
value of the measured hardness.

15 In order to quantitatively evaluate stretch flanging formability, the
pierced edge 2 was expanded by pushing a punch therein until occurrence of
cracking, a diameter of the opening on occurrence of cracking was measured,
and a critical expanding ratio ERecri.(%) was calculated according to the
formula of : ERceri.=(R1—R0),/Ro X 100, wherein Ro is an initial diameter of

20  the opening and R} is a diameter of the opening on occurrence of cracking.

15



and S 02 and Al 20s concentrations of nonnetallic inclusions precipitated in
a 10 steel matrix were neasured by EPMA analysis. Results are shown in

Tabl e 6, together with an austenite-stability index MI3o and a stacking
fault formability index SFI. Cu concentration of precipitates, which was
measured by EDX analysis in a visual field of TEM is also shown in Table

5o L0 et N TE0 ShRAOBCITRRRLICH ATRPLAY R SFRLBIL

EXAMPLE 2 St n o (ITBSS
No. CSi MiNi Cr ‘mﬁfgidﬁg%ﬂgl%‘pgh@g%?% 587 96’1’@7”%{03 19615 28 487 3185768 148.-%0. 0200
. 600. 568. 9118081E. 2032 tA Q132 BOI LR ROEL3APIedh biAA R (a8 adialnh Aded86Q. 0280.
0026- 40. 0400. 441. 448, 31 17. 810. 0011. 950. 0220. 0024- 50. 0520. 291. 217. 3118. 460. 0
012. 030. 0400 wAG 2Rg1fificHAR2Y rofsad 12 8. 2id 05860V 1866 84 6. thd1dedld DROB. 500. 5
1 9. 1221 .510. 0022. 210. 02Q0. 0013- 80. 0100. 411. 318. 1918. 430. 0062. 010. 0100. 0011-
90. 0200. 55! . {Ognpanativel Bxaoglesd oragky Gvewe 1Ot Hotpcoxbat the egpam ded18lge3R). 0012.
230. 0200. 0014Mo: 2. 55110. 0130. 590. 557. 9116. 410. 0031. 950. 0220. 0008NMb: 3. 02120.
0100. 500. 707ty an@xpandmg raty d1be edea Jpxceesied 70% sk the stepdd en 6%%250. 00

12. 850. 0120. 0010- 140, 00 2 017.9317. 980, 0023. 05 0.0018Ti.: 0. 002150. 01
10. 831. 126. 32&% ﬁB ?’czi‘ Ehssep eallgw:a@k@Qg%r%gaggﬁ%sx%@gie@@@eéo 0021

. 780. 0150. 00 0 4 7 : 32. 0. 0041
80. 0210, 352, 1541 é"q‘fg‘ 186 96043 Hal G R Rl Lot S RSB IR 0. 5
0. 0013. 350. 0. {9, 0012REM 0. 001 20  TABLE 6: Mlao, SFI AND | NCLUSI ONS OF
EACH STAI NLESS STEEL nonnetal lic inclusionsCu

concentradi onSt eel MU30oSFI Si 02A12030f

preci pi tat esNo. concentrati onconcentrati on(nmass % (nmass % (mass

99 1- 30. 443. 99350. TABid 83MBSNMUMBAFDNESSIHG PIDRCEIBEDIFAS aBI3B20. 25- 27. 73
4.745290. 56- 13. 635. 06050, 17-99. 534. 652180. | 8- 20. 934. 91750. 39- 39. 534. 533210.
110- 54. 935. 0251 36RHAIC.AJ EXPANIZENG RATION I BESKEISESQR STERIZEINGS10. 314- 38
. 540. 161120. 415- 427738, 9[/4130. /16- 36. 535. Z82140. 2Z17- 16. 037. 965310. 218-72. 43
7.242280. 119- 46. 4355683 @aginpum hayAmess of. | MECHIN] exparRROPERIO ES OF EACH
STAI NLESS STEEL St eKimL2% pipp¢rdedndge Wk ker sel ongat(%@n El *a

wor k- st r engt hst r engt-hHarghess{t—)rhardent-ngiNo—MPag{MPa)-< H‘v,cxpunent
n1195489112640. 402203612f 23630. 485225530108650. 44426#4$52151610. 52528867| 158
590. 516210514131630..41.72091675165610. 43820393111 8580..419201525121530. 4910281
551158560. 51112955811716}10. 42122%649813165) 431322250] 125660. 40141985331216
50. 4115234541126610 162415811 338B0. 44172186021386 X 4218205591118590. 4019
198570113580. 41 *: ~A-valjpe neasured by a upi-axi-alr tensrte-test- 22

C 362 52
D 381 47
E 390 43

Results shown in Table 3 prove that the critical expanding ratio is

15  more reduced as a steel sheet was made harder by deep-drawing and piercing.

Decrease of the critical expanding ratio means limitation of an opening
defined by the expanded edge to small diameter.

Then, the inventors researched and examined an effect of an

austenite-stability index Mdso on work-hardening as well as an effect of a

20  stacking fault formability index SFI on elongation. For the researches and
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A blank of 74mmin dianeter was sheared from each stainless steel sheet,
and drawn to height of 7mmwith a winkl e-suppressing pressure of 1 ton,
using a cylindrical punch of 33nmin dianeter having a punch radius of 3mm
and a die of 35mmin dianmeter having a die radius of 3mm The drawn 5 bl ank
was pierced with an opening of 26mmin dianeter at its center bottom and
t hen burred eramipatithst heapioas cathipdst Zteel phestncwerd ardpared,cawhoge oi |
havi ng vi scosity of 60nmR1s (at 40C) using a cylindrical punch of 33mmin
di anet er wi t lauatepitiecitabdity usdexd Milsmaaddstacking fadlt Sommahilitylindest ST wereh a
die radius of 3 as shown in Fig. é 10 ~ Each bl ank was obser'veg to
research it s VABeR i Ieraasy OF sleanease pheafdcalloyane somporenicaq thy basis pgthe
expanded edge 3. Furtherpore, after a 5% NaCl sol ution of 35C was

conti nuouslycgﬂpﬁ?g‘ﬂnf’géggﬁ‘&?ﬁ} “to each bl ank, a surface of each bl ank was

observed By an ot iCel i GLOSEORR Q0P APHL RN SHecPlid flOUEAShON Al

30 points. Pitting resistance was éva according ept h

of pi tffi ng C?s'ie,rr@é{! Oih@@&ﬁnHB@ IRASUIRE ¥AhdCSondigsnd tas %b@vé%‘ﬂ!@ioh@d.'ram €
8. It is understood that 'the steels Nos. 1 to 3 are materials suitable for

a punp nenbeMaxitived Hlrdhéssbef thnsk@aidedestigey2 andey eritidalllekpsh digg HarRp
drawi ng process, since the steels Nos. 1 to 3 20 were fornmed to an

obj ecti ve shagee whtdstightalmirdlgiiae with thecdksten)teasthbility imndax ddddoharal thei t ti ng
corrosion was suppressed less than O lmm On the other hand, a punp nenber
nmade of the staskingsuluformebiityiindex®FE t han, 0.06 mass % of (C+N) had the

defect that necking occurred at the expapded edge 321 alih ugh itsb, itting
resi stan&@ was 25 F‘F‘tﬁiaéﬁts.hoﬂ”‘pb‘?'rﬁﬁgngéf’ SratielsoRnders %O?iegqatl\ﬂ). 1Eger

cont ai ni ng much re Oft'é C+b’\(%r i ?I ved nurre&:ﬁlou & acks_ at .the expandetd edge
3, and Seasof RIAEREnFRUS stoec Y Ped i AT aPuTe, RBPrRine IpERERE T The
o1 £ ng cor  aponaa blEdshial i SEpARIRNTR. £aL BALER s e MDA, 6
contai ni ng | g3ent thdMukfe MBS Statiiy oY VEdRHORES BintPSH fha FhARILNGA20 to
formability, but poor of pitting'resistance as noted by maxi num depth of

pitting corr exl, andahewtachihgnfault\fiem dhiktysindek SW.was e@mbttodiedimvg lessrthanhan 20
mass % of C was forned to a 5 punp nenber, nunerous cracks occurred at an
edge 3 ekpand@d by stretch flanging formng. The steel No. 8 containing

nore than 0.005 mass % of S was good of piftin esi stance) hut could not
be formed to a punpCrRIiES @eﬁ%éeﬁﬁ’g@k?ﬁéallﬂie@ﬁls?eé’iis %eta(f‘(%é‘g’glgﬂgn%&tﬁ ed by
stretch flangjng formng. Jhe steel No. 9 10 coul d not far to, a punp
renber el t ebledbd i TahE 4L Reviper gt ensientipanpinthan dR Mbaal RES 451 And 11 s
prtting resi §€a@ﬁﬁfg it 'fggxﬁéﬂiﬂgy A8dIOEPE PYI3.2 was drawn to height of 7mm,

pierced with a diameter of 26mm and burred to expand a pierced edge 2 to

20 diameter of 33mm under the same conditions as above-mentioned.

1000 pieces of blanks were worked in this way, without occurrence of
cracking at the expanded edges 3. Therefore, the blanks were well used as
members installed in hydraulic pumps. On the other hand, when blanks
sheared from stainless steel sheets having either one or both of an

25  austenite-stability index Mdso more than -10 and a stacking fault formability
index SFI less than 30 were worked under the same conditions, cracking

inevitably occurred at the expanded edge 3.
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maxi mum depth of pitting corrosion above O lnm Any of the other steels
Nos. 10 and 12 to 19 containing one or nore of Md, V, A, Ti, Nb, Zr, V, Ca
and REM at a ratio defined by the present 15 invention was superior both of
stretch flanging formability and pitting resistance, so that it was forned
to a punp nenber w thout any cracks at the expanded edge 3. However, when a
steel No. 11 containing nore than 3 mass % of Mo was forned to a punp
menber, occurrence of cracking was detected at an edge 3 expanded by
stretch flanging formng. 20 24 TABLE 8: WORKABI LITY AND PI TTI NG

RESI STANCE OF EACH STEEL Steel Nocondition of anmaxi mum depth

Emm i nt egr at ed. expanded edgeof pitting corrosioneval uati oni good0. 0202goo
d0. 030G3good0. 0204necki ng0. 075season

cracki ng0.%26googd0. 227cr acki ng0. @38necki ngo. 069n¢ck|ngo 1510goo0d0. 030l1crac
ki ng0. 04128do .goodO 05C&4good0 OlC&SgOod -

0. 01016goc£ao. EXAMPLE 3 Each
st ai nl ess agle 8 was refined,
conti nuou y oja slab h@tvr@lled to thlckness o? Snmm at an

pel strip was 5
COVPCSI TI ONS OF
byi ng El enent s

extracti ng-t
anneal ed I=m
AUSTENI TI &S
(mass %di@s
% CSi \nN

.011. 327. I :
0. 10. 03212%5823. ?

SFI Kii n dNUBo(n1a$s : :

0140:3 6 7 9 16. 900. 8013m20 0%@-38.443.22.980.020I
2“66 i0 93 61“9CO>0426 52@»908.1018.200.0040.2
>0 . 0050 61I ‘

. 829. 1219.310.,0086- ; 3 FO01805214492118. 210. 0042. 90. 20
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Md3o (C)=551-462(C+N)-9.2Si-8.1 Mn-29(Ni +Cu)-13. 7Cr-18. 5M SFI

(m)/ m2)=2.2Ni +6Cu- |.1Cr- 13Si- |.2W+32 The underlined figures are beyond
ranges defined by the present invention. -, A columar test piece of
3.0€min outer diameter and 4mmin height was sanpled from each stainl ess
steel sheet. The test piece was conpressed at a strain speed of 0.0llsecond
al ong an axi gk AipeRtd on of the colum, in order to investigate
relationship of a true strain with a true stress during 5 conpression

def ormati on. Tabl eEaéh $baWEsa stédlUeavihg ahb IddenpobitRTs sMéwh ia T4ble 55%aai n of
1.0 at the tinme period when hei ght of each test piece was reduced 60%
conpar ed wi t keforedgicoatinheaditcast to ias slabddostroldbel tdhahidkness of Saimva sheel s A
and B exhi bited deformation resistance(represented by the true stress) |ess
than 1200 MPextraginghitempdedtoreneli dB30Usi aftencthofhasaoHed osteak atiipewsseel s C

to E was fairly higger than 1200 MPa. A test (gi ece of the conparative steel
F was cratkednifaled d wigtemds Ho@ ehit vas@iddedpnd ekt ralipds toothighnpsy tof

def bilit d., 15 TABLE.10 : COVPRESSI, DEF Bl LITY OF
STANLESS STikdiity EReSRIEE e Pold Tolipd stoel pPay Seaimie sABTeH dripiuLe A
def or mabi | i t yMIEEALf 999 cked-again-

A blank sheared from each steel strip was observed by a microscope,

and SiO2 and Al203 concentrations of nonmetallic inclusions precipitated in a

10  steel matrix were measured by EPMA analysis. Results are shown in Table 6,
together with an austenite-stability index Md3o and a stacking fault
formability index SFI. Cu concentration of precipitates, which was measured
by EDX analysis in a visual field of TEM, is also shown in Table 6. On the
other hand, Table 7 shows mechanical properties of each stainless steel

15  sheet.
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.On the other hand, any of col d-forged products made froma conparative
steel C having an austenite-stability index above -10 and the stacking
fault formability index bel ow 30, the conparative steel D having a stacking
fault formability index below 30 and the conparative steel E having 25 the

structure that precipitates containing Cu at a ratio above 1.0 mass % was
| ower than ITARLE! 61 MdooSFExANEY ﬂNﬁIﬂéﬁ@UﬁOOtF wsClr 8SAINGESSUST EBler

hei ght was a—vatgetessttram—80%conmpared Y\n pr.edeterm ned hei ght.
Decrease of hei gt means | SI gni f il canfoRBetallie MARsipRs 5| dicqlscon@&gkrgﬁgf{es
short ' | ongeSteely 2)&1dm9t a glg, Wheg;g.est )| ecg§2(§§rrpl
compar at i ve sNeel wer ecoggen%&? o | DGR A0l g 4* 50t he
obj ective shape dque to o currendd %Ck ‘92,_\’8)( par romthe
begi.nni ng of —pregs-workiHg—30 FRBRE £ EFEEFS— o vBao;—SH—AR
DI SSOLVED CU C ON $HARB LOF | CAs» FORGED JIRODUCTS w 35 Aust ehi t eSt &cki ng
Faul t Shape of--colld-f-or-ged--pr-odugt---af t-ef---1.00Q--t-i-res--pr-esgt-ngSteel---Stabi-l ity
Index F bilit ¢ qdi S0 ved F3uRr y 177 8 0.3
3 -65.1 39.3 65 21 0.1
4 -34.9 34.9 31 32 0.2
5 27.7 34.7 45 29 0.5
6 -13.6 35.0 60 5 0.1
7 -99.5 34.6 52 18 0.1
............................................................ e L LT L T e
8 -20.9 34.9 17 5 0.3
------------------------ J.---.-_-_----.----_-----------------y--—-----_--.---------L-----_--.---------------.-.
9 -39.5 34.5 33 21 0.1
10 -54.9 35.0 25 13 0.1
11 41.7 34.7 85 5 0.1
12 41.2 46.4 96 2 0.8
13 ‘91.3 W 35.2 98 1 0.3
14 -38.5 40.1 61 12 0.4
15 427 38.9 74 13 0.7
____________________________________________________________ ’,______-________--_-__-__-.---.--___-__--___._.._-
16 -36.5 J 35.2 | 82 14 0.2
__________________________________________________________ T
17 -16.0 379 65 31 0.2
--------- .1------.----.--{.-.-.------.q.-.-.------.-.-.------._--.--_-----_---__---..-__------_.-.-------------
18 72,4 37.2 42 28 0.1
........................ T"-"--"""‘----.---"“-----"--- fcceccececcesceremmmafarcam et e e
19 -46.4 35.5 33 11 0.2

21



.n exKi ndMd3oSFI (nass /) height (m)a ratio (% to aat a convex

part predet erm ned

hei ght Judgenment A- 38432. 91. 24990B- 25311. 91. 22980C13230- 220. 76
61D 11220-110. 83 66E-91411. 80. 82 66F- 135543. 9cracked from the begi nni ng of

pr ess-wor ki ngx
present invent

The soft stainless steel

sheet newly proposed by the
SRy ek Bhch BRI PERT At 0

bR BRI A PR

wi t hout either ormat1on strains -1 ncrease
har dness cause% by |omp%rwbidop tefisitd r[aiViekerduge mar { e l*te ansorkar denl ng of
an 5 austeniti N’?ﬁ S@trefigeh t DstRbngthl (Oardnedesi® g% Ogﬁglpr edmrdariagat i on of
strain-induced rt en$Mlpg)and aapgeni ngrof) an austé‘ﬁi tic [peasodknas
above- nment i oned: a resuft] the Stlainl ess gteel sneet dan be formed to an
obj ective shape W tlh saB5i ci pent489 onjgat 1th, 4nd def4cts quch &40 cracks are
suppressed evehn--duriing- severg -of--Aul --st-age- geep- dr awi-Ag-f -The -stai-al ess 10
st eel sheet cand@e al sg gol drf os@ed o ggg objiecti vgg shapg W tgiyg ess danage
of metal dies, _ due_[to_decreake_of _resistance|to_caonpressijan_deformation. 32
t ~ f GAAMS 1. Al|sof taipl ess, stleel eetl excellent iin b|||ty and
col d- forglablllt§ gﬂghas éﬁhst nigé stabilit é|ndex NE@% fﬁhlch IS
defined by thé Tornwa (I), gpdjusted 1n a ranpge of -120 tlo -10, a stacking
5 fault formabildty i n@6% SF|, &% ch| i s18kfifed bybthe fdrmui®b22),
adj usted at a-val-uer1ot-41-essi-thatr-30r-and--Cu-¢oncentr at-i-ory-of -precipi t at es
not nore than 1.€ nass2g8so ps ¢T nt a; Cy conte;t di gsol WESiLin a natrix
at 1.0-4.0 mass. % Md30_ .. . o._.__ --------.d ............... o
(C) =551-462(C+N) 2Si | M} 294 N +Cu) - 7Cq- 19%. 10 .|. .. . (1) SF
(m)/ne) =2. 2N +6_@_&£_.L-.'__8?_9__'_.5"{__:@_!2'_\/!1 _l.:_%_%.1 __________ SM) -(2) [2.- The. st
stainl ess steel sheet defined in Claim1l mhlch consi st s jof to 0.06 nass
% C+N), up to 2.0 nass2¥si, | upfto 5 rraé§5%wm, 15650 mads %W} 5-9 mass %
Ni, 1.0-4.0 nass--%(ix,"up'to-e‘oos' ss™ 9% A -apto-15-07{005 mass % S and
t he bal ance bei ng He exospt § ned3i abl e irpurijti es. b8 0.41

9 201 525 121 53 0.49

10 281 551 158 56 0.51

11 295 581 171 61 0.42

12 216 498 131 65 0.43

13 222 501 125 66 0.40

14 198 533 121 65 0.41

15 234 541 126 61 0.46

16 241 581 L 131 68 0.44

17 [. 218 602 138 62 L 0.42

18 L 205 591 118 59 0.40

19 198 570 113 58 0.41

*: A value measured by a uniaxial tensile test
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3. The soft stainless steel sheet defined in Cdaiml or 2, which further 0
contains at least one of up to 0.5 mass % Ti) up to 0.5 mass % Nb) up to
0.5 mass % Zr, up to 0.5 nass %V, up to 3.0 nass %Mo) up to 0.03 nass %
B, up to 0.02 mass % REM (rare earth netals) and up to 0.03 mass % Ca. 20
4. The soft stainless steel sheet defined in Claiml, 2 or 3, wherein 70

mass or more of nonpiAl €74 ME %H%ﬁe@f%spéﬂeﬁl-@djfﬂoﬁl bhéh BBlikleds 3R]
MhO- Si 02- A1203 contai ning not |ess than 15 mass % of Si 02 and not nore than

40 mass % of shd@)Anddrawkhed BOght 8f &inh @&th &tvaehkBhRQpreaindpebssireastyl one
of the preceding Cains, which has a 25 work-hardeni ng exponent n, which

corresponds ttonausingal éyidrizal phineh df 83mst hedsniatee hatingi mpooechyeadles eft ed
by a tensile test; in a range of 0.40-0.55 and el ongatlon El detected by a
uni axi al tendine ansba diooel Bglygl tthdiansger hgvinghe disoradiag of mas SThe deawnsheet

defined in an ne of the pr‘eléedl ng C a| , Which has a true strgss of
1200Mpa of | ddankwag nienced &yifh ap openingpfisommyp flaweterat its grnter pofitemgo

curve obtai ned b a,60 SSIO st _at stra n speed o cond, 33
“AnY, AR, AY, AgDA th Rp DUL n&‘i i‘( %é 1eppIRrCe t?A ‘%“e‘)\‘fe ‘l&ﬁ?“% ca ‘&’E %A ANs. A

A 4. AL A AAY °

2~| wr mhc”Y] cali] ccgﬁs:a] é?%‘g]zésa CA] ff?aﬁ cac]vhn]i’rlc ]ncar] ca] ca

] ca] ca] ca] Ca](ﬁﬁh@?e]rc@i]tﬁad ﬁé‘ﬂ&ﬁ}&ﬁhg Bﬁhﬁ‘m( ahd a die of 35mm in dxameter with a

VQ! nV@- | } xsni d_Z] ] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca]ca] ca] cal ca

] ca] ca] ca] ca]ds@}£dihis af Balnt adscshomal affigajica! #OB| 8y&s05c¢

INTHEH ###=%} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca

] ca] ca] caPca] ca] ca]Ew]lchl]a@&] wa]s Gﬂ)]sea]eda]ocat]&ear%%#%&t@)im&hmﬂg to

(T(((E)W) ) & R+++" | v, , - --- Y] ca].ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc

a] ca] ca] ca] ca}:@a]re%qecﬁ]%ql@ag @&f}é‘afﬁ&]%@]ﬁéﬁ]’ 8a]calcajcajcalcal % *.,...3Z6_

66 7778888" 9V999(

. <<C=z======?| wr mé”w%amfc&ftea]acaﬁwaﬂ] %QA]"&}%‘]‘ f] 3T S fWHIEY] ca ca
e cobs bR PBIGT SRk AR o e sbppa g

cal cal o 2l pheplealaion R B R 3y Ty e e e

a] ca] ca] e8] cabgidfsaab Gods oy alahea] aedotdingafoClagihail dedthadfCpittial carmeioa] ca]

aljcalcalcajcal ZZ[[[[>\]]~"~~"~ P R _H x " aQaaa, bzbbb, csccczupkfalWca] ca] ¢
a) ca] ca] ca] cahm]gd&]eaaémx]reé]/ahl]esa] ca] ca] ca] ca] ca] ca] ca] c*a] ca] c*a] ca] c™a] ¢
a]J ca] ca] ca] ca] ca] cal c' dsddeWe] eee. f ghl hhh4i |iii 3jjj knmo~ &xsnl d Z]c
] ca] ca] ca] ca] ca] ca]F@a]lBa]aéapba‘yeapc cB] '@au}llf&]f%fa])@ai‘%ﬁa}ft?agég? 9d] ca] ca

I g
Ica] ca] ca] Ca]tg %] é:r%]zﬁ? e(;"f%lls suitgbsls f}nt' Eltpulilrlljpu}/nv(\elmber which shall be manufactured

by a severe multi-stage deep drawing process, since the steels Nos. 1 to 3
20 were formed to an objective shape without occurrence of cracking and
maximum depth of pitting corrosion was suppressed less than 0.1mm.

On the other hand, a pump member made of the steel No. 4
containing more than 0.06 mass % of (C+N) had the defect that necking
occurred at the expanded edge 3, although its pitting resistance was

25  sufficient. A pump member made of the steel No. § containing much more of
(C+N) involved numerous cracks at the expanded edge 3, and season cracking
also occurred at 20 hours after the expansion. The steel No. 5 was poor of
pitting resistance, as noted by maximum depth of pitting corrosion above

0.1mm.
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wiwW W | >| Al ~~~2ag9} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca! *pJZB<KMKG wr | ga\ V] c*a
] ca] cMa] ca] c”a] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca! Q4 Z>Y9eo;

% N6} xsni d_Z] c”] ca%ca] cal ca] ca] ca] Ca]f(;:gll ca] ca] ca] ca] ca] ca] ca] cat][ ca] cal] ca] ca

] ca] ca] ca]ca]calc c:m]n@m]mex}lb@] oxd deapl shes s3] MG’ @uORtaRing dfss” Thpc 3§ ca) ca]
ca] ca] ca] ca] ca] Cc) cal] c™a] ca]
a

U] c”al cnal ¢ aﬂlé% pE&rcwpe ﬁ"@ﬁ]‘tfaﬁté%ifh dlanging ferm abilibnhed) P:%’f of | PIFYEE #t SKNM

0 St S ot b b gl

V1098 () q@?ﬁ? e T AR e AP TS bl 20 mass %of G s formed to a

1090& () 5SZ" e Endmh grqu@l‘géx())ls_c AR QLRYREY at an edge 3 expanded by s retch
410%9&() Y1 O/do&() +10%& ()-M, )" 10%b& () - /£&() Vi 00b& () - Vav
K@@l0% 10b fipid @ Réiahago& ()-I S; 109 bF
b& ()-910%& () - 710%& ()-O0f f5109%& ()-7 Y  2aBVK@ELO%

1 10%& () - 109&' () - THeDste] NoSBQvBt Ainirlg merel (s oposma@&%(qf S whd Bkl 0%b
109%&' () - F" 109& () - 9&10%& () - F10%&' () - f 109& (2%&10%& | VJEVK@@L0%
#109&' () -! 1094ig r@@anoe/«gbt(t)co&yiombe Yorvgid (p)mmmn( er\ﬁqmredwk@o%)

SOy10%& ()- ch-l?:{%d (a)t anlg gé g)ex;%n(( ‘ga by stLr)etlc / ar(xgmg %())rmmg. The steel No. 9
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shaping as the steel No. 8, and its pitting resistance was inferior as noted by
maximum depth of pitting corrosion above 0.1mm.
Any of the other steels Nos. 10 and 12 to 19 containing one or more of
Mo, V, Al, Ti, Nb, Zr, V, Ca and REM at a ratio defined by the present
15 invention was superior both of stretch flanging formability and pitting
resistance, so that it was formed to a pump member without any cracks at
the expanded edge 3. However, when a steel No. 11 containing more £han 3
mass % of Mo was formed to a pump member, occurrence of cracking was
detected at an edge 3 expanded by stretch flanging forming.
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Steel No. condition of an maximum depth (mm) integrated
expanded edge of pitting corrosion evaluation

1 good 0.02 @)
e | e | 0038 | o
s | wa | 00z | o

4 necking 0.07 X
5 | scasmecracking | o2 | x
6 | ged | 022 | <
N cracking | 003 | <
s | vecking | 006 | <
R necking | o5 | <

10 good 0.03 O

11 cracking 0.04 X

12 good 0.02 O
---- 8 |  god | 05 | O
""" 4 |  gea | o | o
""" 5 |  gea | . om | o
""" 6 |  god | o2 | o
""" 7 | geda | o4 | o
""" 8 |  god | o6 | o
""" 9 |  God | o006 | o
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z10% & (5 - G11@0°¢%br& fmlindde, pickled and then cold-rolled to thickness of 2 mm. The
cold-rolled steel strip was annealed at 1050°C for 1 minute and then pickled.
Many test pieces of 1 m in width and 2 m in length were sampled
from each annealed cold-rolled steel strip, and continuously pressed to a
shape of cross-section with ruggedness, as shown i Fi. 9. Height of a convex
10 part of the test piece was measured for evaluation of deformability, after the
pressing was repeated to 1000 test pieces. Test results are shown in Table 11,
together with an austenite-stability index Md3o, a stacking fault formability
index SFI and a ratio of Cu dissolved in a matrix of each stainless steel.
It is understood from Table 11 that a cold-forged product
15 manufactured from the inventive steels A and B, which had
austenite-stability indices Mdso in a range of -120 to 10, stacking fault
formability indices SFI not less than 30 and ratios of dissolved Cu not less
than 1.0 mass %, were of 1 mm height or higher at the convex parts, even
after the pressing was repeated 1000 times. Such the height was a value of
20  80% or more compared with predetermined height.
On the other hand, any of cold-forged products made from a
comparative steel C having an austenite-stability index above -10 and the
stacking fault formability index below 30, the comparative steel D having a
stacking fault formability index below 30 and the comparative steel E having
25  the structure that precipitates containing Cu at a ratio above 1.0 mass %,
was lower than 1 mm at the convex part after 1000 times pressing. Such
lower height was a value less than 80% compared with predetermined height.

Decrease of height means significant abrasion of metal dies, and proves short -

longevity of metal dies. When test pieces sampled from the comparative steel
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2. The soft stainless steel sheet defined in Claim 1, which consists of up
to 0.06 mass %(C+N), up to 2.0 mass % Si, up to 5 mass % Mn, 15-20
mass % Cr, 5-9 mass % Ni, 1.0-4.0 mass % Cu, up to 0.003 mass % Al, up to
15 0.005 mass % S and the balance being Fe except inevitable impurities.
3. The soft stainless steel sheet defined in Claim 1 or 2, which further
contains at least one of up to 0.5 mass % °'I‘1 up to 0.5 mass % Nb, up to 0.5
ma;s % Zr, up to 0.5 mass % V, up to 3.0 mass % Mo, up to 0.03 mass % B,
up to 0.02 mass % REM (rare earth metals) and up to 0.08 mass % Ca.
20 4. The soft stainless steel sheet defined in Claim 1, 2 or 3, wherein 70 mass %
or more of nonmetallic inclusions precipitated in the matrix are
MnO-SiO2-Al203 containing not less than 15 mass % of SiO2 and not more
than 40 mass % of Al20s.
5. The soft stainless steel sheet defined in any one of the preceding Claims, which has a
25 work-hardening exponent n, which corresponds to an inclination of a true
stress-true strain curve detected by a tensile test; in a range of 0.40-0.55
and elongation El detected by a uniaxial tensile test not less than 50%.
6. The soft stainless steel sheet defined in any one of the preceding Claims, which has a true
stress of 1200Mpa or less at a true strain of 1.0 in a true stress-true strain

30 curve obtained by a compression test at a strain speed of 0.01/second.
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