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Deformation and Recrystallization Behavior of Ferritic Stainless
¥ Steel in High Speed Hot Rolling

Yoshikiro SAITO, Tetsuo SAKAI, Futoshi MAEDA and Kenzo KATO

E" Synopsis :

The recrystallization behavior of ferritic stainless steel in high speed hot rolling has been investigated
in relation to the strain distribution through the thickness of the rolled strip. The strip of which the size
was 2 % 20 X 430 mm was rolled at the temperatures from 900°C to 1 050°C and at the rolling speed of 20
m/s with or without lubrication. The rolled specimen was quenched in water at the interval of 25 ms
after rolling. The redundant shear strain caused by friction forms severely sheared region beneath the
surface with the thickness of about 100ym . The maximum equivalent strain g,,. in severely sheared
region reaches about 4 times of compressive strain and €, in rolling without lubrication, is always larger
than that in lubricated rolling.

Extremely fine recrystallized grains are formed in severely sheared region when &, exceed a critical
value, which is dependent on Zener-HoLLoMON parameter Z ., inseverely sheared region and indepen-
dent of lubrication condition. The size of the recrystallized grain is also strongly dependent on Z,g ;.

From these results and optical micrographs, it is concluded that the recrystallized grains observed

in this study are statically recrystallized ones.

1. & B

WMomBC KT LN, BE, BEGEEO MBI,
BUER D BN I X OBIER OO NITHER &t E %
FHTHORARTRTH Y, 4 HE TS ORFRLT
PbhTws. FRODHEDE L, EECET - BA
BARAR D S B ALE F I RRABRA W X 5 —#5 8
RKEEDD, PO —HEMRRBRYY, H 5 WO FHEES
FEMRRY -~V Y, BH—hBEEXELCLSRBICIOT
fFhhTwad., L, BADZ L, —BCBER
W OBERTBEMIH—EMER T3k, £LL TR
— VBRI ISV B B\ BB RN T 5 K & i fhingye
AIWERRESTE Y, FhHRBEH ARG

LTWw5b. oMM AMEYPBERDEIE - Bl

REHOLTRRONEEE L HBECERTE I, &
B EIOTHRREN R EY 525 L0 b D T &
729, RO TBIER 1T HMOLER, HIE, BELHED
2RAT 5 ERERBREO A TR THS.
ZzTEEL, BEABRBMBEESC X, SR
REAH A FEESA U CREBREHE T2 L3k, RAWO
FERE 5 MV R 7o O EER OB 2 Blg U T

B AMBA Y HET 5 FERBRE LR L . AH T,
CORBEOMEL ZhEHCTRDLT7 =714 FRA
F v Vv AROBIER L HE - BREMHEBHCETIME
ERETS.

2. R B B &

2-1 ERER

Fig. 1 @ LicFERBREREOHMELRT. EE
Biie — LERZE 530mm, = — VB 5.5~4Tm/s O]
I QR FIEHCH S. Fo ARfciy, RECALERF
(No. 1 fngtdr) & FEERERER (No. 2 JufdF) o
2EDERELFXEES A v BB L. WTho
L, EEESME £3°C THBER S 560mm ¥
L, B2 LRNER 7y AR CHEATE L. AER
it Ar+10%H, 77 A% By iz, v — v ARERNC,
HA FROEYF e —5 BRI Hoflcr, &SF
TR Sh s RBA # EELTRT L0, RFCImT
B DOREE 130mm, EX3mD AT v v AFREDOK
BRAHELHT 1. AHED e — A HOFRCIE S
0.lmm D =—ny—wESKEBYRT, BmiE
X 50mm DOARZBTHL, AMCKEKREHLLL. &

A 60 £ 7 H 22 BEff (Received July 22, 1985)
* KPR TSE T8 (Faculty of Engineering, Osaka University)
%2 kpE AT (Faculty of Engineering, Osaka University, 2-1 Yamadaoka Suita 565)
* kA2 A%REE (Graduate School, Osaka University)

— 9] —




800 % L W

# 72 4 (1986) B 7 %=

ROLLING MILL

WATER QUENCHING TUBE GUIDE

PINCHROLLER NO.2 FURNACE NO.1 FURNACE

) ) I 2 I

M, B RBRA A KPR RET DB D 24
Ul 5 Ieififlo 7 1 FABAIR TS, v—2a
D ORE TR S h R, AHEOE= -1 —
FPOBEFEOCTKPIZEAL, TSRO F A FOHE
Sh, KEchksohs. e —AHoroBHIEARD
TORERY, 0.3~7.5m OFH THHIE 252 LT
&, TRICHHE U CEES 2 BIA £ coRMY, Kic
FEIEHE % 20m/s L% L 15~375ms @ &ifiC© &z
DT ENTED. ok, v — LBHE L ORIIAR
100mm D24 FTHHRELC, RBE 2HERCAIEA~
HI X5 L
2-2 M
ARRECEECE 5B, EE 3mm F, iE
30mm L, £ X 300~760 mm D4EHKREE T, 7
HZIABFGEOBERELERL, M OBHE~DRALEEC
THID, KWk F A 7=, DS L. KB
Buv3khit, EBRE 17%Cr 7 . 54+ RAF vV LA
WMThHsH. ToOMBAE Table 1 wwiRd. REE O~k
T 2x20x430 mm L U 7-. RERFIIERE (LAHE FE T
1068°C 1= 20 min {1, WHIKIR A 200 pm 23
Bl
2-3 REREMHK

EEEAy oo — % Fig. 2 R4, FEEERE 3,

Table 1. Chemical composition of specimen
(wt%)

C Si Mn P S Ni Cr Ti Mo Cu

0.015 0.58 0.24 0.028 0.007 0.12 17.2 0.53 0.47 0.02

Rolling temperature

3%) 20 Rolling(1pass)
1068+ min
. ' ‘v‘v‘q“}gSO“C / Holding time
101623°C 1000°C
950°C
900°C

Water quenching

Fig. 2. Schematic representation of processing
conditions for hot rolling and direct quenching.

Fig. 1. Schematic diagram of
experimental apparatus.
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Fig. 3. Illustration of the deformation of the
inserted bar and apparent shear angle 4.

— 92



T 254V RAFVUVARAODOE

HAMMEELY L BRGFE 801

T pln——— ceeeeeereee e (1)
r =2V ¢*—lln—— ~(2)
eyl B
pem L H JHy eeeeovveeeseonmeessnninmnnnnsanieens (3)
_\/1+ A=r)® he }2 R )
¢ = {r@—r) '

Z o, Hy, H 3FhFHELREORE, 0, (XEE
FCRERCBE R EROEFOMBIC KT 2 RENT O
AN THH. I XRRDIHEROROE IR
LEIEMOIC XD tan 0, RD, ThHDORAIL IDT
ERIO v OOMEFELL.

3. R B & R

3-1 ZERIEM

Fig. 4 C HBELEOSHAO ELEWHE (P) 7 b K
(5), (6) X2 TRDIPAMOFHEREL (krm)
DR E RO ELKFEZ R

WVs3s/2)P
kfm= OBy RO creeeeeareesnsnenenn (5)

QP=03+40A57+009<J§y _05>m(6)

2T, Qp RERHRCIAETHREEY TH Y, Bn IIE
ERTHE O FEHHE, R'e 1 Hitcucock DR X % fiF
m— V¥R, JH ZETETHS. ZOKRER, HYE
FTEZ 5 EREFROLEECHD Zener-Horromon KHF
Z, CERESEITOREZARORADE L.

kfm=16-5 §o0-095Z0.074 cerrereneennenen (7))
IR, & & Zo ik
o= (2/13) In (1—1)-1 cereeneennennen (8)

Zy=%, €xp <R%o>(9)
W XOTHE L., I, & I EHEYETELEE

200
&
fm ey 4

A
£ 0 ;>}Hu e
g . )/ o o °°/°/
& uob  wweq 5o 5
g 1000°C S
©ogop 0T % kmet65ERTZ
[}
Q
=

G702 03 04 05 06 07 08
Equivalent Strain  Eo

Fig. 4. Effects of rolling temperature (T,) and

equivalent strain (g,) on the mean flow stress.

(a) 36.3%, without lubrication, (1) top, (2) bottom
(b) 38.6%, lubricated, (1) top, (2) bottom

Photo. 1. Flection of inserted bar after rolling
at 950°C.
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Fig. 5. Distribution of equivalent strain through the thickness of the rolled strip.
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Fig. 6. Effects of reduction, rolling temperature
and lubrication condition on the maximum equi-
valent strain,
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(a) 900°C, 19.6% (b) 900°C, 29.0% (c) 900°C, 39.9%
(d) 1000°C, 20.0% (e) 1000°C, 29.4% (f) 1000°C, 37.8%

Photo. 2. Microstructures of directly quenched strips rolled without lubrication.

o AT

(a) 900°C, 19.6% (b) 900°C, 29.0% (c) 900°C, 39.9%
(d) 1000°C, 20.0% (e) 1000°C, 29.4% (f) 1000°C, 37.8%

Photo. 3. Microstructures of severely sheared region of directly quenched
strips rolled without lubrication.
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Fig. 9. Effect of ZeNer-HoOLLOMON parameter on
the critical equivalent strain for recrystallization
in severely sheared region.
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Fig. 10. Variation of recrystallized grain size
as a function of maximum equivalent strain and
ZENER-HOLLOMON parameter.
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