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Synopsis :

The investigation was carried out to develop sustenitic stainless steel sheet for deep
drawing. Good press formability was shown for the steel of suitable Md30 value, the
index of austenite stability, which was calculated from the chemical composition.
Excellent press formability was obtained in Cu-bearing steels in comparison with
Cu-free steels of the same Md30 values. Influence of grain size on formability and hot
workability were also studied and a new steel of ultra deep drawing quality named R
304UD was developed. Limiting drawing ratio of R 304UD was 2.23 which was
considerably higher than the value, 2.08, of JIS-SUS 304. This was due to the low
drawing force and the high fracture force of R 304UD compared with those of SUS 304.
In applying R 304UD to press forming of deep sink, the increase of restriking depth was

realized and consequently shape-fixability and rigidity were remarkably improved.
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The investigation was carried out to develop austenitic stainless steel sheet for deep drawing.

Good press formability was shown for the steel of suitable Mds, value, the index of austenite stability, which was

calculated from the chemical composition.

with Cu-free steels of the same Mdy; values.

Excellent press formability was cbtained in Cu-bearing steels in comparison

Influence of grain size on formability and hot workability were also

studied and a new stesl of ultra deep drawing quality named R 304UD was developed.

Limiting drawing ratio of R 304UD was 2.23 which was considerably higher than the value, 2.08, of JIS-SUS 304. This

was due to the low drawing lorce and the high fracture force of R 304UD compared with those of SUS 304.

In apply-

ing R304UD to press forming of deep sink, the increase of restriking depth was realized and consequently shape-

fixability and rigidity were remarkably improved.
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Fig.1 Relation bhetween observed and caiculated
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Chemical compasition (%)
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Table 1 Specification of chemical composition (wt%), &
number of R 3MMUD stainless steel

4. R 304UD O A4S

R 304UD O HEFSE@ENZ T SUS 304 »FREsL

LA S —WE T MR D Tk~ g,

4.1 R, #BEsLUER

St EEEHAROMBLC T F— P x
Table 2 (2733, 28 R 304UD o5 & K#f
2 SH LN CaedEaed, (CHNJETIRF
13 EED v, R 3MUD Mo —2TH 5 HE
Pz LME ) X T A LR R A
Hicit, (CHN) 328U EORVVLETH
b, Sriz K#, SH Lo, Mda i3 v
THE —10~+10°C - A- T3, Fizlk
B LT SUS 304 (3 Mda():*ZO 3°C T HE
GBS D EERMINIC G - T B, 2L 3
i RHI Mo 58, BMIEE TRA R L 2
BT AT L RIFCTh -1, I 60% T
T L bR o & O BirgstlL 72, &
tL G DNFBEISE AR F Photo. 1 (27Fd, R 304
UD e ligH#12 SUS 304 {2 Mo ~3T B & 5

Md, and ASTM grain size

T 1 T . |
; e ! ! L ! Nb,Tiy . . | ASTM
C i N . S . Mn P | 5 ‘ Ni } Cr Cu i Mo (or Ta) 8 L Mdsy, | G.SN.
o !,. - | . - ; | - “ e _.__T e -
Not } | 1 60 1120 L0 | ‘ | 15~ 65
<0.15 - S l=20]€30: <0041 5003 |00 | =100 =0, <8% - :
0.15 dm‘:‘;rd 201 =30. =004 =003 | g0 ] ~1s0 1~30 1ol =0l STy i ~75
o - N : ‘ S S S

» Caleulated from equations (1Y or {2

Table 2 Compositions and other data of typical R 304UD and SUS 304 specimens
melted in 5t vacuum induction furnace

Compositions {wi%)

| Recrystal'

|
|
Specimen - 18" Mdw® iization | ASTM i
T ! : I ! - T % | ¢ ‘t .t '
CON s P{SiNi Cr Cu‘Mu“/I(C)|e(TE) CGSN
R U A S S 7:, — e L | . I
K 0.128 ; 0.017 047 1.03 ,; 0.029 0007 ‘ 7.22 ]4 17 195  0.55 ! 21 63 930 6.8 © 134
R 304UD | -+ - I T - : T c —
S 0.084 1 0.038 0.49 ‘ 1.55 0027 0008 6.93 11370 2.93 - L7 . 8.1 900 6.8 138
A . B et e S
SUS 304 { 0.076 | 0.018 | 0.51 | 1.65 | 0. 030‘ 0008 QOSFPTIB 72 P } - ; 04,203, 90 . 80 , 138
*  Caleulated from equations (1) or {2)

*+ Experimental values
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R 304UD

SUS 304

As annealed

Sensitized

Photo. 1 Microstructures of specimens annealed or sensitized at 650°C for an hour
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R 304UD {3 SUS 304 iz H~ T aizeh s b SRS S Ut

Vi, JHUREIFEATHRF LY L FFHRTH L D Table 3{Z25 i g A MC E BN B
L8 T ahy, Ly Az T2 PR BRES A A ok, ARk 0L 3R
£ A MO IMILE DR L 2, 47 72,

Table 3 Results of tensile and forming tests of R 304UD and SUS 304 specimens of 0.7mm thick

Angle Tensile properties Formability
from —_ . ol
Specimen | rolling 0.2%PS| TS E Er cov ulge
direc |, o PS/TS ar* LDR " height
tiorn (kg/mo?)| (kg/maf ) (%) " ’ r (mm) | {mm) {(mm)
0’ 24 70 57 0.34 0.55 0.86
45 24 &7 60 0.36 | 0.5¢ | 1.03
K - -  ~0.18 | 141 | 263 | 2.07 | 40.5
o0° 24 68 61 0.35 | 0.55 | 0.83
Ave. 24 68 60 0.35 | 0.55 | 094 |
R 304UD P - v ' R
0 24 70 57 0.3¢ | 056 | 095
5 | 67 61 | 0.36 | 055 ; 1.08 |
g sme—t———— 019 | 148 | 260 | 2.12 | 39.8
90° 23 68 59 0.3 | 0.55 | 0.83
Ave | 24 68 60 0.35 | 0.56 | 0.99
0 26 | 65 58 0.40 | 051 | 0.83
45 % | 62 62 | 0.42 | 0.48 . 0.9
SUS 304 p-— i vk — —0.15| 125 | 274 | 1.93 | 420
L % | 63 | 62 0.40 | 0.4B | 0.84
! T T f - b
| Ave | 26 | 63 | 61 | 041 | 049 | 081 | |

*  Planer anisotropy, dr, of r value is calculated from the following formula @ Ar=1{ry+ re) — 21z} /2

++ Using 100mm dia. eylindrical punch with flat bottom
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Table 3 12U Z2fRFHLY He SR> L 12ah D%
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[ A WAL S G T - F (W B Sl MR RO A S
TEr TR VEELREERVIZEVHEeniY
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HEFT BHETL » TR FESN L EE
T-7:, $H% Table 4 (2773, T4 SEFL
DI E s TRy Bz LA va, &) ok
ENLOTIRERNEELTED, R 304UD 2t
EEAED SUS 34 I N EFLELZ &2 En%
Vi, Z@REEIE R 304UD D Mdae A SUS 304 &
D&, F—AT+4 FEHETEECMTIZ &
STHEREIND o =TI HENIEICH
A, EROHEMO 7V A MLEFTOES N
T OB DT T 5,

4:3-2 MiEts

R 304UD it {4 P~ 5 726h, IEAKMEFIC
20T B Strauss IR B AR B L
&L TATY, —#ENE DB EHAGRAR LT - 2.
& 72 LA AL BB SR AR & BE L 7z

Table 5 izt L v J s kU AMREET+
T, HKEFERRAESTIZ R 304UD & SUS 304
ORIz A L e, FEEREHE NSNS
ABSE L, Strauss BRI~ 650°C, 1h 45 #1b
B HE N RENZ DWW T » 72, FOERIETT
27w 0 BEL LIZESMIFA AR TH- 12, 1
%, Huey REAOFEE T R 304UD o K # 0
R BEA L 0 ET v, WS SR e 4§
EA L 72is 42%MgCle BB T U #iFE &
Bz & 2B 24T - 7o 4545, WAL B ERR B Lo
L EMEMO TR & TLMERL 2L A

Results of delayed fracture test by

multi-stage drawing

! LDR for

Drawing ratio
Specimen ! _ i
1.90 | 2.00 | 2.05 \ 216 ; 2.24 | 2.35 | 2.45 | 2.58 | delayed fracture
lkico|oo|co|oo| 0o xx ! xx ! xx 2.24
R 304UD | e R ion =
| QCjo0 | CO|CO | GO | OX XX XX 2.24
SUS 304 00i00 0G| 00| S| 00| C0 ' X X 2.45

(> . Without delayed fracture
X . With delayed fracture
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Table 5 Corrosion resistance properties of specimens

SCC test (42%MgCly)
. Salt spray | Strauss | Huey test ¢ e Pit corrosion
Specimen tost * test {g/mt-h) | Time for initiation Time for propagation potential {(mV)
of crack (min) of erack {min}

K 1 Good 5.91 65 110 290
R 3MUD -

8 0 Good 2.02 70 120 310

SUS 304 1 Good 1.66 70 140 340

*  Number of rusts per 50X 75mm? after 8h test
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A EEbbLlb o1z,
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Fig.3 True stress vs. true strain curves in
tensile deformation in rolling direction
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during tensile deformation in rolling direc-
tion
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Fig.5 Temperature dependences of fracture

elongation and volume fraction of
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pectmen (mm) | (D) value
K a2t 57 | L0
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5 50° 7.8 i L59
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»  FExtrapolated values
*+ ABHF were obtained by assuming Hi=20mm
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Table 7 The effect of the balance of drawing and restriking depth on
press- {ormahlhty of sink with the depth of 200mm

Draving (mm) 130T17s 179 | 165 160; 155 | 150 | 145 | 140
Restriking (mm) [ 2025 30 | 35 | 40| 45 | 50 | 55 | 60
_ i A T A D Rl Bl
| Fracture | oo | ‘( ("
SUS 304 — — R
\ Shape fnxnb]]:ty x |
Fracture | f\ | R A
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f::hape flxablllh}\ oy

Fracture ! -7 Not fractured, X Fractured

Shape fixability © i Very good, Good,

& Not so good, X Inferior
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