G H % # # %380 %) (2009)

UDC 669 .14 .018 .8 :669 .74

BHRESINIES —XT7F1 PRI T2 L AFTNSSC® 304JSDEAF

Development of NSSC® 304JS, Ultra-soft Austenitic Stainless Steel Providing Excellent Formability
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Abstract

In this paper, we first describe the designing chemical compositions of NSSC 304JS, we investi-
gated the influence of Mn contents and deformation microstructures on the formability in detail.
Finally, we introduce several properties and applications of NSSC 304]S steel sheets. This steel has
an ultra soft hardness and excellent deep drawing formability, reducing of « ’ phase induced by
cold-forming in comparison with conventional SUS304 and SUS304J1L steel. This steel is suitable
for many applications using such as stretch flanging after cold-forming and deep drawing. This
steel sheet is used for automotive parts and deep drawing cups, electric parts based on the several

formability of NSSC 304JS.
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1.2, 1.3, 1.5 : Stretch flanging ratio after 40% cold rolling
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d30

#roH 8k o B389 %

(2009)



BRESMIMEF — X7+ 1 PRI T > L ENSSC® 304JSDFFIF

L7223 i R c oW Tk B,

M,,, & ZRINTAEOFHERRE & L727diid= (1) Lo
BIRERI3ITRT . EMOTESIE, WTNLHHVIZ0RE L
BAEHIGAK L, AL, BhoTay MIEHT S E
M, PIETFIZE D EAL, —20CH5 — 40COFEEHiPH
WBWTHKEZRLTWA, DX 7% A DL, it
KOWEPEHMT 2, I THEHTREER, M, =30
CHEICHAANEBHID ADNKRELCEL>TVWELIET
bHho INHLOFRIE, ZXIMTHEDFEHITH LT, M,
EFEMOMSITIAT, £30WFE LTHEEILEICLD
ZAL T 5 I LD FAAEIZ DOV TRIEL T 5,

M 3 DEBRAERZ TR » BIC X VB LR ER4 12
Yo FRE y B, SR RERR OB 2 S Wl L
oo’ BEELIIWIEE Lz, K2, £6480Mn
BEM, ZHRE L7 By BIEMnEO B L & b2
L, ADWKRIEE & 258 y BAMFAET 20 M= —30

140 T T I T T L] T I T T T T I T T L] L]

[ ULC,N-17Cr-8Ni-Mn-Cu i
S o o .
~ [ Lo : ]
3 r . .
£ 120 —
E ]
on B . 7
g . ]
= - . .
< 1o . -
j [ O ]
) [ i

ol 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 -

40 30 20 -10
Maso (°C)

3 M, EREETE(A) DRIR
Stretch flanging ratio after 40% cold rolling dependence on
a M, -stability of austenitic stainless steels

140 B I T T T I T T T I L] T T i
| | | B

|| I | .

_ i I it ]
S 130 O~ B
=~ - .7 2.9%Mn - i
S - . i
2 0 ' ) -
2t O
z i 4.4%Mn
= | u
5 10| ) -
5 - . 7
& F O v ]
100 - ® ULC,N-17Cr-8Ni-Mn-Cu |

C I 1 L L I L L 1 I L L L -

IS
=

60 80
Retain ¥ content (vol%)
M4 HEByEEADER
Effects of retain y content on the stretch flanging ratio after
40% cold rolling
M, (C), O:1.4%Mn=—15, 2.9%Mn=—28, 4.4%Mn=—38

d30

M, (C), @:1.4%Mn=—31

(=3
(=]

CIEHT AL, MnEE @m0, FREy S3mhnL,
AMIEFLTWD (BIL:1.4%Mn, FAL:29%Mn)s ¥
bbb, MaOIEH L LT, M, DADIT LD 40% 5 HIE
RO o ZHHIL T A% LA S54RSS N7 (X
4 OFEIT )

X 4 QI L, FREE v BHU4~TT% DHPAIZB W T,
MIFERE y =BT 5, 2F D, MIEKC, NFRy @B
WTC, ADEFITNT Sy OFGIIREVWESR D, £
T, AOEBEBHNFLLT, o« DOERIZESTRIPIZNZ
T, y BRI kg ZE L, 1 & (1) XokHic
Foak L7z,

A=X+Y (1)

X: o' OERIZLADTRIP, Y.y HIROIITAEL

() XDBEED S &T, F1IR$Mn, Cu, NigDR
% HMD O bNIEBREREHWT/NT XA —=8X, YIZ
x5 A KA EILHEOREE MRGHT L7ze 155 NI
Fx (2) RERS5ITRTY,

A=14.1A + 150B — 23.5 (2)
A =133 — (Mn + Ni+ 0.72Cu),
B = Mn + 0.91Ni — 0.78Cu
BAL DA (%), B (mass%)

2) KI2BVT, 141Ak e BTHY, 5y ERITHET
HY o OEEEWHIT AMn, Cu, NUIEDRHE RO,
fih i, 15.0Bi%, y BAEROMLELEEIFIET 5. DR
e FFoMn, Nild IR TR L6 C oy AN TA L 2
B, WICEROBREE O Culd y MO TR L % B3
LEMRTEL, 22T, Nild, CriZkR$ARGEDHER
TFE(=27%) THY, KEFTIIHRMITEOEHLE LT
Mn & Cu DHEIZDOWTHEHTAZ LIZL2Vv, T4b
b, KEFRERE, ZRNTHEOREBIAR L SERIC B W

1 T ) T I T 1 T L} I T T 1] ) I I’o
R o .1
I5 = 17Cr-7-9.5Ni-Mn-Cu ]
SN .0 1
S 10 . _
A . -
g [ e ]
2 L . i
E o
S S ’
| .. O ]
- .0 O i
.Q .
0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
0 5 10 15
89.1-6.84[Ni]-4.91[Mn]-5.58[Cu]
5 AT BNi, Mn, CuDEIIFHHTHESR

Effects of Ni, Mn, Cu on the stretch flanging ratio after 40%
cold rolling

A=13.3— (Mn+Ni+0.72Cu), B=Mn+0.91Ni—0.78Cu
(mass%)

oo gk o #3895 (2009)



BHRESMIMES — X751 PR T > L REANSSC® 304JSDEIZE

. o T
B16  JOHAFEBRE T BRI 6E O SERRTEMAR S

Bright field TEM images of 1.4%Mn(a) and 2.9%Mn steels

(b) shown in Fig.4

A tin foil sample was taken from the area close to the frac-

ture portion in the fractured stretch flanging specimen after

40% cold rolling

T, Mnl3fE R AV F— 2T STy BRI
fbaEZ M LS5, CuldZDMOIEHZERL T\ b,
FERERAXBZALVF -2 TS5 Mn ORI
E.B.Pickering”, kg KMaL )V ¥ — % @& % CuDVEHIC
DWW CIlZ D.Dulieu 5 ODOHEH 5

AIANHAERIIEDO T, M4 01 ICBI 5 2D A
EMRINC & 0y BEOM LA b2 M EL22 &,
HITOADETFIE o’ & (TRIP) DT IZ X 5 & HERG
b

bk L 72MnlZ & % &R C ORER KGOV F — Of
TN T A AR R 2 MRE s 4 72012, IO TEM
s e 7 o720 M4 TRL721.4%Mnfil &£ 2.9%Mnifi 12 3B
W, AL O #Hi i TEM A% %2 5 6 127”7
14%Mndillx, EMOMBEDLS R 5LV AET 5o i
i, 2.9%Mndilix, BRI T, REITRT L) %
5l 53 v BIRHRRO MR S Nz TNHNV N
PHAERIE y BURICHRT 2 2 L MR L0 ¥ RONITH
flE, BEXBIAVF—DKTICLY, 77 F =%
BHNCZ2 D R3 <, oy RS HBILR %25 2 LAY
LNTWDD, HEo T, BRESNINTHAEOZIZ, Mn
WM X 2B R AL F—DE TS D EE R
BNb, SWHZ 5L, Mailvlc & %y BRI THL
REDIM R, SERTHIT Ly HERICL2%RTHL L
HIWF4 %

5. NSSC 304JS DE4F4E

CITIE, 4 BISHRARIFE A BEHE R ICE DSV TS
ixat L 72NSSC 304JS ERMEEM DR H 2 FhlEIC O W
Tk %,

NSSC 304IS DR HALF T 2 TR 2 1R 17%Cr
8%Nix F & LT, C, NEOAMYIILH % MUk
L, MR L, ZXINLHEOFEHO 72012 Mn, Cukidsin
LTW5, 1.5mm/E & I ESIR O M IEE 2 3R 3 1R

ooR #k o #5389% (2009)

£ 2 NSSC 304JSDE S (mass%)
Chemical compositions of NSSC 304JS (mass%)
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Mechanical properties of NSSC 304JS and SUS304 steel
sheets

0.2%PS TS EL Hv

(N/mm?) | (N/mm?) (%) (49N)
NSSC 304JS 201 492 59 109
SUS304 274 680 59 170

JIS products, 2D finish
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Stretch flanging ratio after cold rolling of NSSC 304JS and
SUS304 steel sheets

x4 MIHEHE
Formability of NSSC 304JS and SUS304 steel sheets
Erichsen | Bulge heigh
n-value n-value heigh (mm) (mm)
NSSC 304JS 0.39 0.98 13.5 422
SUS304 0.49 0.97 13.4 40.3

JIS products, 2B finish
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Deep drawing formability of NSSC 304JS and SUS304 steel
sheets

Punch (mm) 48 44 40 35 30 25 22
Die (mm) 51 47 43 38 33 28 25
L.D.R. 20 | 22 | 24 | 27 | 32 | 38 | 44
NSSC 304JS O O O O O O O
SUS304 O O A

O :Nocracking A : Delayed cracking
JIS products, 2B finish
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Limited deep drawing height of NSSC 304JS and SUS304
steel sheets
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A :SUS304

Changing ratio of thickness (¢/t0 )

0 20 40 60 80 100
Distance from A to B (mm)
X9 AFRYABREOREE{LR
Changing ratio of thickness after square-deep drawing of
NSSC 304JS and SUS304 steel sheets
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NSSC 304JS and SUS304 steel sheets
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Chang in pitting potential area above 0.2V (Vv.s.AgCl.) of
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