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Effect of Rolling Strain Rate on the Grain Size of Austenite
Recrystallized Immediately after Hot Rolling

Masahiro MAGHIDA and Masaaki KATSUMATA

Synopsis :

The effect of rolling strain rate on the grain size of austenite recrystallized immediatelly after hot rolling
was investigated in the temperature range of 1 000 to 1 200°C. An increase in roll speed and/or a decrease
in the specimen thickness before reduction was found to contribute to the refinement of recrystallized austenite
grains. It suggested that austenite grain size also changed with roll radius. These results indicate that
austenite grain size depends on roll radius, roll speed, and the slab thickness, in addition to generally known
factors such as rolling temperature, rolling reduction, and initial grain size. It is known that recrystallized
austenite grain size after hot rolling is well related with rolling reduction when rolling temperature and
initial grain size are held constant. In this experiment where the specimen thickness before reduction,
roll speed, and roll radius were variable factors, a good correlation was obtained between austenite grain
size and rolling strain rate. We found that austenite grain size number (N) was hardly affected by the
alloying elements such as C, Mn, Nb, V, Mo, and Ti, but was approximately related to rolling strain rate

(8) by :
N=—8.3§-1/210.33N, +0.010(1 200—7)--8.8

where N, is initial grain size number and 7 is rolling temperature.

5_6021;"r \/Ho ) <1—r>

where 7 is roll speed (rpm), 7 is rolling reduction, R is roll radius (mm), and H, is thickness before reduction

(mm).
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Table 1. Chemical composition of niobium
bearing steels. (wt%)

No. C Si  Mn P S Mo Nb v Al
1 0.11 0.27 1.40 0.014 0.004 — 0.042 0.062 0.033
2 0.11 0.29 1.48 0.012 0.012 — — — 0.059
3 011 0.29 152 0012 0.012 — 0.029 -— 0,066
4 0.11 0.29 1.53 0.012 0.011 — 0.059 — 0.065
5 0.10 0.31 1.62 0.012 0.010 — 0.084 — 0,064
6 0.03 0.32 1.58 0,011 0.007 — 0.050 —  0.077
7 0.31 0.32 1.61 0.010 0.009 — 0.046 — 0,050
8 0.10 0.33 155 0.010 0.011 0.30 0.048 — 0.050
9 0.10 0.35 1.65 0.011 0.009 — 0.057 0.062 0,052
10 011 0.256 2.25 0.013 0.012 — 0.050 — 0.065
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Fig. 1. Temperature change in 1 pass hot
rolling.

Table 2. Chemical composition range of titanium bearing steels. (wt%)

C Si Mn P

S Ti Nb v Al

0.02~0. 11 0.20 1.30 0.013

0. 005 0~0,54 0, 0,028 0, 0. 052 0.035
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Fig. 2. Effect of specimen thickness, H, before
reduction on recrystallized austenite grain size
number in Steel No. 1 with initial grain size num-
ber of 0.
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Fig. 3. Effect of roll speed, n on recrystallized
austenite grain size number in Steel No. 1 with
initial grain size number of 0.
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Fig. 5. Effect of roll radius, R and roll speed, =
on recrystallized austenite grain size number in
Steel No. 1 with initial grain size number of 0.
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Table 3. Regression equation between recrystallized
austenite grain size number, N and rolling strain

rate, é.
Rolling Initial Experimental Correlation
temp (‘C) G.S.No (N,) equation coefficient
0 N=-7.77 /2488 0.95
1200 2.3 N=—7.9 V2408  0.97
0 N=-9,1-Y2410.5 0.9
1100 2.4 N=-8.2 "V2410,6 0.96
3.4 N=-—8.2 "2 410.9 0.99
0 =—8 & “2410,7 0.98
1050 2.9 N=—80 /?¢il.2  0.91
22 a) Rolli Ter?). b)
8 o 1 o N.=0
S a ngec
N1 g 1000°C
‘o1 F A+
g1
£
gof- -
_8 1 ) 1 ! 1 1
0 1 2 3 1200 1100 1000

Initial Grain Size No. Rolting Temp. (°C)

Fig. 7. Increment in recrystallized austenite grain
size due to refinement of initial grain size (a) and
decrease in rolling temperature (b).
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Fig. 8. Effect of rolling strain rate, & on recrys-
tallized austenite grain size at 1100°C in Steel
No. 1. N, is initial grain size number. Dot-dash
line is calculated grain size number from equa-
tion.

— 319 —



2110 o &

# 70 4 (1984) #15%

8r o:No2 e:No3
6 F .1200'C aNo6 [~._o O:No4
S e

4r 4. @~

2 2 r \%‘\ h \'\
=~ o~ o= o~ ~

o OF 20 - ; hf o N
N
= nl A:No7
nh 8 N, m:NoS Mo 7No8
c6r Tm r ey v:No9
g ar . . [ %A Xx:Nol0

2¢ \l‘\ 1\“\

NI | Nex0S "~
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lated recrystallized austenite grain size number
from equation (10) in Steel No. 1 to 10 and tita—
nium bearing steels.

PilA Iz TS 7 NE o RHEIE 2 (10) K X 5 3 EfE
OBRER LIS DTHS. Ti HINO FEESLLLIE
FEREE 1200, 1100 % Lot 1000°C, #jflkiE —0.3
~6.7 FH, FEELEE 2.2~6.3571 Th5. MhH
Juk TiyRmes, B rhbUAoMosEchs. o
hXb&FE Ti iR ovwTd £0.8 DI caFaET
EREC—FKT 5 = L2 s,

— IR A FERE R R N RS & L e W IR R e 31
LEHERERC, RICHTRITE, B Nb 2L E
ELHHTHZ L 2 FIEEH © ¢y 2 ERES L
W ERIEE R Nb1®), Mo, Ti g19388% & » 2
ZERHAILRTWA. Lalienib, AERED I o0
1000°C Ll EoREC s\ T EEBEEC ¥ 2B 2
56, CThboELURVFREL 7 HECEEL L5 % o
&, EEHIC NbC 7 F o Biry#tHiS Mo o FE

X BRI EMHIRLRBD DR EH2ERL, 7H
o Fe o ARKBIC IO THEBELTE IR L E2 5
hXEH. 2L, 1000°C Ko B x5 & EERIT
NbC % TiC /o KO BIPTHE U, Bisdh r hE
12 Nb, Ti 75 & Ry DEEM D b B RTREM T T4
Ezbhsb., DEXy HFEAESTREIAERR LR
BT HEEPD r BB Y b2t EFEZD
han, ZhbImREME 7y FET b b (10) Kb o)
Wb VW s 5.2 2 O THIIRIE No %38 L CHEH S
T RECEE Y s JIFT. LT, 1000°C L) ko
JEREC I\ TR 7o B dh 1 213 X 5 & TR aGT
L@y 2k CE S ASTREYBERRNT S Z &
ARETHD, 1200°C 0 X 5 7eEiE T H i r % /0K
W TE S Ti s CTHISEMITGHR TH 5H20.

4. & =)

Nb RN % ZEALERAH & L CARBFEER OB,
TRE IR T 48R T LR OEELRH LK X
5 IfE R A EH .

1) 1000°C Pl EOFEFEE 3\ CHERSd 7 RIEET
R, FEERE, PIHRE LA v — v lalins &< AR
JEBER L, w — AR B O H e ARIRIE O A
BGUR::% N TARS i) A o

2) ETE, v EEHEE, »—AYEE IOAH
REIEEELAREOERTHY, EEEHEEDOHK
X THEKS r R 2.

3) 1000°C L) oo HIER B k1T 5 ik dh v RER
£ (N) 3 C,Mn,Nb,V,Mo, Ti &z X H3KkDER
RTRAEETE S L2biDTk.

N=- {655", ‘/Ho' <1—r>}_m

+0.33N,+0.010(1200—T) +8.8
CC?n:BHNEEEE(WW, r: T, R:
B — VPR (mm), H,: AIRE (mm), N, : $IEPK
EES, T:EERE (°C) Ths. EXTk v TH
DEEGER T ERAKREENOELEF O ¢ B
W NbC 7t Ko BT = Mo /g O EEIC X 544
SRR BN EABERL TR EEER TS DD
ThbY, BB IE LR L THEER r RER
HER52530rE2bh5.
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