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Effects of Hot Rolling and Cold Rolling Conditions on Plastic
Anisotropy of SUS304 Stainless Steel Sheet
Synopsis :

The effects of hot rolling and cold rolling conditions on plastic anisotropy of SUS304 stainless steel

sheet have been investigated with respect to earing behavior.

The results obtained are as follows :

(1) The grain coarsening of the microstructure before cold rolling by the control of hot rolling and
annealing temperatures suppressed the formation of main component {112} <111> in the product sheet, and

was effective in decreasing the 45° ears.

(2) The coarsed grain of hot rolled plate was obtained at the following conditions; heating pre-hot rolled
plate at the higher temperature (=1100°C), cooling it to relatively lower temperature (900~ 970°C) and

then starting the finish hot rolling.

(3)When the cold rolling temperature was above 40°C, the 45° ears were formed. On the other hand,

the 0° and 90° ears were formed in the case of the cold rolling temperatures below 0°C.

It was concluded

that, the 45° ears were formed by component {112} <111>>, while the 0° and 90° ears were formed by com-

ponents {210} <001> and {110} <<001>.

(4) The combination of processes of the controlled hot rolling and the cold rolling at lower temperatures,
results in the low plastic anisotropy of the product sheet even in the case of the omission of hot rolled

plate.

Key words : austenitic stainless steel; earing; texture; plastic anisotropy; hot rolling; cold rolling;

annealing; martensitic transformation.
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Fig. 1. Effect of annealing temperature of. hot
rolled plate on grain size before cold rolling and
earing ratio of SUS304 sheets. '

Table 1. Chemical composition of materials used (wt% ).
Steel c Si Mn P S Ni Cr Mo Cu N
SUS304 0.065 0.51 0.83 0.025 0.006 8.7 18.1 O.iO : 0.10 0.035
SUS3108 0.047 0.63 0.87 0.030 0.003 19.6 246 ., 0.‘22“1 . 0.10 0.019
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Fig. 2. Effect of annealing temperature of hot rolled plate on {100} pole figures of

SUS304 sheets.

3. X B & R

3-1 BMERBHBEEOTE

EER(A) 2BV T, BHREEICB T AT
DEEBIUBMBE L 1Y) v 7OMGR TR,

BUEMUBESTE WEHT & BESHIRIE % 900~1200°C B T%
b€ bDE N ERGILL, RHBESL 7250 R
oo A v 7llEHR Y Fig. 1 1077 (HH#
JEARIZ plate, BB L sheet EEE L 7). R
WEERT DM O PP OB LR L. 17
YURABIEMR, S F B HICHE LA BATRD
A, BEIEITVAOZDORMENE L L DHICON,
BREOMAE KT LTS, WFhopsd, 1
YUY IOUNGEE M LT 45° RN 72247
B, 7283 0% 90° AC@BH o, ThX )i
AR B GAR D BVE R ) TE AT EE R BESIRIE 1 X b &by
LZHPIRHESD LWHEAL (¢ ) ORECEHEL
TWVhb.

BIEM B X OBRILBESIAR D E BB L 2 o 2 I
Bt L 7-Br 0SB+ b T Fig. 2 IIRT. BT
WOBESHBOEHIE {1101 <112>, BIHMLICIE
112t <1 > AL & 11001 <001> Ji 4 A g2
SNBA, B L URMEEO LRI 110}
<112> FALE &R L, 1100 <001> FHrAs58 5%
LT B, —F, GERMEZEOEGHB T, LG Ea

Earing ratio (%)
4

4 1 1 1 i L1 1 1111

5 10 20 30 50 100

Grain size before cold
rolling (um)

Fig. 3. Effect of grain size before cold rolling on
earing ratio of SUS304 sheets.
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a) Before hot rolling ( Heating temperature : 1 100°C)
b) H.R. T.:1000°C ¢) H.R. T.:970°C d) H.R. T.:900°C

Microstructural changes of SUS304 hot rolled plates at various Hot Rolling
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Fig. 4. Effect of hot rolling temperature on
earing ratio of SUS304 sheets.
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Fig. 5. Effect of hot rolling temperature on
X-ray diffraction intensity of SUS304 sheets.
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Fig. 7. Effect of cold rolling temperature on the
cup height of SUS304 sheets.

900 1000
R.D R.D
10 sus3108 ,
~-A A A
8k
1 1 1 1 1
K 0l susso *”
R ./
g 9
A (112} <111> -
€ 6f
Fig. 6. Effect of hot rolling temperature on P
1100} pole figures of SUS304 sheets. w4 -\. °
| \\ /
B L ERMMERDOET, BENRLZ T HI LD °
FHEEIhL, 22T, EBR(C) BT yHOEREK 0 L~ ! ! L !
0 20 40 60 80

HERZLAH SUS304 & SUS310S @ BIEHBESE 2 B L
RLDERAVC, A7)y FICRITTEEEEDEE S
- RaA

¥4, SUS304 DAY ) ¥ VORIREEERESE 2
TARTEFig 7TOL)IChb, AY) rZONITGEE
IREE DT 40~80°C DAL 45° FHIWCK S h, DT
ERHEEZOBEALFRICHEE SRS, LAL, HEEE
HOC LIEL o FEDAY Y » 7O, EES
m&EDBEMHME, bbb, 0°, 90° HENIEILL,
W 45° Fmd AL B, —J, SUS310S o4,
AY) OB TROGEREIZBWTS 45" F
MThor. Thbb, SUSM TIEAYY > rollis

Cold rolling temperature (°C)

Fig. 8. Effect of cold rolling temperature on
earing ratio of SUS304 and SUS310S sheets.
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Fig. 9. Effect of cold rolling temperature on the
volume fraction of martensite in SUS304 and
SUS310S sheets.
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Table 2. Effects of processing conditions on texture and earing behavior of SUS304 sheets.

Processing conditions .
Texture Earing
Finish hot rolling| Annealing | Cold rolling] Annealing
60°C 1.000°C Weak
A 1,000°C
" " {1i2yatn) 45°ears
1,000°C Omission 60°C 1,000°C {112} (111) 45°ears
B
" " " Weak
1,000°C {1123 111 45°ears
{112)(111)
o 1,000 °C Omission " {210} ¢001)
{110}¢001)
{210}<001) o o
! {110)001) | 07907 ears

Conditions for getting low earing.
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