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Effect of Applied Stress on Flatness of
Cold Rolled Austenitic Stainless Steels during Low Temperature Annealing

Haruo Aoyama

Synopsis

- In some cases, cold rolled austenitic stainless steels are heat-treated at a low temperature to improve the threshold value

of spring and the fatigue life. Also, the flatness of stainless steel strips is improved by tensile loading given during such

low temperature annealing.

In order to find suitable condition for better flatness, the relationship between the strain

and the stress evolved during low temperature annealing for 1 hour is investigated by heat-treating cold rolled stainless

steels.

The following conclusions are obtained ; (1) The strain increases linearly with tensile stress up to 600N/mm?,

and the slope to stress is as small as the reciprocal of Young’s modulus. (2) A tensile stress near 200N/mm?, which is
far below the vyield strength, is required to improve the flatness of the strips, because of the small slope to stress. (3)
The mechanism of micro deformation at low temperatures is considered to relate with stress relaxation, because most
of plastic strain is evolved during heating to the annealing temperature.

Key words : austenitic stainless steel ; cold rolled strips ; flatness ; creep ; stress relaxation ; low temperature annealing ; martensite.
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Table 1. Chemical composition. (mass%)

Grade] C | Si | Mn | Ni \ Mo \ Cu | N
301 10094 | 060 | 097] 7171712 | 011 | 023 | 0051
304 0063 | 063 | 098] 8191837 | 0.27 | 0.34 |0.063
316 | 0057 | 074 | 102! 1016 17.11 | 221 | 0.25 | 0.034
30471 | 0,022 | 0.69 | 188| 7.38(16.11| 0.20 | 2.10 |0.015
HiMn| 017 | 039 | 14.43| 1.28|17.06 | 0.11 | 0.10 |0.35
430 {0063 | 0.24 | 0.46] 024]1655| 007 | 0.06 | 0.020

P 7TH3H 2244 PR 746 H190Z# (Received on Mar. 2, 1995

; Accepted on June 19, 1995)
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Table 2. Elevated temperature mechanical proper-
ties and austenite stability of 309§ pre-
cold-rolled stainless steels.

Tensile |Yield . {Amount of Stacking fault

Grade Temperature strength |strength Elongation martensite M. energy
°C kN/mm?kN/mm? % % °C | mJ/m?
300 1.25 1.13 5 :

301 400 1.16 1.00 6 20 20 12
500 0.97 0.83 5
300 | 091 | 083 4 (

304 400 0.89 0.76 6 8 -25 23
500 0.77 0.70 7
300 0.86 0.79 3

316 400 0.85 0.75 5 0 -83 50
500 0.81 0.72 3
300 0.83 0.74 3

3041 400 0.77 0.67 3 14 13 51
500 0.65 0.61 6
300 1.11 0.92 11

Hi.Mn| 400 0.97 0.77 14 0 -86 16
500 0.88 0.71 10
300 0.58 0.57 1

430 400 0.57 0.56 1 — - —
500 0.50 0.47 1

Md,o(°C)=551—462[%C+%N]—9.2[%Si]—8.1[%Mn]—29[%
Ni+9%Cu] —13.7[%Cr] —18.5[%Mo] —68[%Nb]
SFE(mJ/m?)=16.7+2.1[%Ni+3x%Cul —0.9[%Cr] +3.2[%
Mn]+9.3[%Mo]
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Fig. 1. Relationship between plastic strain and tensile stress during one-hour annealing of 309 pre-cold-rolled

stainless steels.
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Table 3. Slope of strain to tensile stress.
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Fig. 2. Effect of cold working on the relationships between plastic strain and tensile stress loaded during

low temperature annealing in stainless steels.
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Table 4. Effect of cold working on slope of strain
to tensile stress. [x10-¢/(Nemm™2)]

Reduction Temperature
Grade
% 300°C 400°C 500°C
10 6.2 7.2 114
301 30 2.2 4.2 10.7
50 1.4 2.4 115
10 4.3 5.5 7.8
304 30 4.0 5.7 9.6
50 2.2 4.7 12.2
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Fig. 3. Change in creep strain with low temperature
annealing in 309 pre-cold-rolled SUS304.
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Table 5. Improved steepness after annealing under

tensile stress of 100N/mm?. (%)
Temperature
Grade
300°C 400°C 500°C

301 1.8 1.5 0

304 1.5 1.3 0.3

316 1.7 1.6 1.3
304J1 15 14 0
Hi.Mn 1.5 1.3 0.7

430 1.8 1.7 1.1

36

WAEZRHOLDLT B, BLOAED 1 XBLUTOERL
BkeiHod 507 2121F, RO b 300°C400°C
OB TIZ ST, HECOHERMEROFAE L H K& w500
CTOAHEETH 5, 12151, SUS3I6IEEN XT3 LK
HUNS {500°CT b HEET H %,

312, SR 2 ) —RBROFERD 6, BMEOT AWK
FRERE DO BEL NS DT, 4 VBLET b Bk &E
T& %, 200N/mm?DJe 1 ZE# 5 2 THIEFFM5min, TrEF
B lminOBE P 85 L, BLWARE 2 %DORMD?
300°CT1.2%, 400°CT0.9%, 500°CT0%DELWwAE R
BORELZsZ LPHIFING,

4.2 ZERE—F

F—RFFA4 PRATF v REOEME T AR A
L600N/mm?*% T O CHEIETEFI I MmT 227, I
i21)CobleZ V —7, 2) o h#EM L 3 b EF L b,

H.J.Frost 5912 & #ULHHE dbifE50 mDSUS304TCoble 7
Y — 7 H5HE X B BRFS 1112400°C T 150N /mm? (e M 4%
F=190kN/mm?, B7 Y =03 LTHHI TH 5,
Dt 71 % 250N/ mm? t 31U, L% Tith» kL
124y, BRWHPERLIZEFELLNE, L L, 4000CO
CobleZ V =BT ORKUTAEEIL0-1/s RO TEL,
SUS304 % B i /440N /mm>T 1R REE L 22BR 23 6
31.6X102DUTARPHMHTII LTS v, 372, U
TAOKRE GV HBEBETHOLNE Z L bCoblez ) —7L
BIpd, THEARLTIR, 2V =0T A EfULHUCHE
EANAEA, OTARER(6)RVOETEHLLNS,

D Qo
KTd?

D; 0Dy Gyl roerererrmerrerememenr e (6)
22 TD ST B OCHEEIRE, DIZZEILOIRUR
B, CyedZ=fLOBTFHIRE XK T,

FERER 230 Tk 2 Y — 757 5 ZILRECHATIRE
LY Zu, Tk Y EASNSZEFLIEREIX10°3, 400°CT
BOEATRIE L1077~ 10 EEHEID 3 N B JEAEIZ L VA S
NREIATRT2Y) = s Lic T, 0T AR
BEHT10-5/s b T b IERRIRIFTL0 3D U TFAXHE S 2 LT
X5, L2 T, HBEOOTAPERL, IEMORRFT
LN B0.5X103Dx K7 ) — 7 X AN, [EEELC
Yo THAS NI EHRLTELE 2V -7 LELS
2EBTE 5B,

fd, MTZZIIA—=RATFAPRAT Vv AMIRE
Bz 30 T b IEMIEEFIDAD 6 D, I LERHF T 5 LEx
M PHALE CR A BT TRARITER L E LAESRS, K
BhifEik L, ERESH 2N LICRIBC 2 5, Zhtse
Mz 3 LRBARTEIEA Y 6T, BB
BE D - THENMOL, Sh»7ERISs h b, 2 DK, RIS
hemi U EEMESTME O TAORITUEL, 20D
FiCER o BE L T 0T AEL S, LY - T,

e =A



WHIHEELRA =2 T+ 4 FRAT ¥ v RO Tz AL RIETRIBROCHEEO EACHO&E 905 Il

AL DT PHALE & CRENT LS O 3T A O DB I HEHM:
RBOME B, EBRTEONICHERIZZ DL/2~21%
THY, L BedEERT, 300°CR4000COREIL %
NE b3 eD, B LBFBARCEOHAEER X »#E)
g TEIE LIS EE L NS, 272, 500°COLIELIL
ZRI W RECH IEHTHONSG 0T ADL2% XK 2>
) —7DOTATH2DT, FEPUEZEBEONLIVTADE
BLI25.5X10-¢/(N-mm™2) & 72 b, &8 OHEMIEAR B D ¥ 8
IEGEME I e B, 270, A2 ) — 7RO DREMRT
b R IEEA AL A v EF =B L L X 2D
B s & I HABAYERTALDEFE LB I LT E 5,
4-3 REIEH

SEH M OREBGLAEIC L Y AT 2 PHEES B I BRI
eRNVNT VYA NDOHEEEETH LEHELLNEYD, I
DY I FRBRTE T T 2mOTHECKICT H 5, AHE
BTES BT T ARRBABRTRYET 240 2 ) —
FOUT A LR IRET K2 ) —7 DO T A5
oads, W2 Y RIS HIREFE L ITUT, )
MEELRICRIGEHE 2 6 d, NERIGT & AMEEIS T O FIH3 0
L A ToOMM ) 00T A0 B B, L,
SUS304D30% FELERT % i W 12 27 V — 7" BROFE R »
6, 300°COBLETIIBIE O T AD KNI o3 F s A4
22 Y —FDOOTATHLOT, OTADO0 LR BHIE
JCHLT 2 MRS MR- L TU B 2 Lt 5,
300°COBILED K58 H 6 3K o 72 B D FRIEG J1 % Table
6 ZRT 4% 6 (LIFREEIE ST b 300°C O )y b A8 K K A
- X CHBEERL, EERMT ANV —ETT 5
BERS s, 20O8E, BEGT LR ORHL/4L
BoTuwd, [FEMOM N CHERY LD bDIla’2 VT
CHAMNRA—RTHA MIB GO M IAE L BEMRT 554

Table 6. Residual stress in 309 pre-cold-rolled
stainless steels.

R.S. Y.S. SFE
Grade Ratio -~
N/mm? N/mm? mJ/m?

301 335 1130 0.30 12

304 213 830 0.26 23

316 152 790 0.19 50
304]J1 162 740 0.22 51
Hi.Mn 206 920 0.22 16

R.S.: Residual stress
Y.S.: Yield strength at 300°C
Ratio: R.S./Y.S.
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