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Design of Rolling Pass Schedule utilizing Grain Refinement by Strain
Accumulation

Jong-Jin Park and Sang-Joo Lee
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3] %), Grain Refinement(Z2 3 ¥ U A3}), Austenite Grain Size(AGS, L. ~EHUolE Z

A Y %), Process Design(& 4 A2 7))

Abstract

Among various methods to acquire high strength in plain carbon steel, the method of grain
refinement by controlling thermo-mechanical processing parameters has gained a great attention in steel
rolling industries. In the present study, three different rolling pass schedules are proposed to obtain fine
grains which are based on combined results of recrystallization modelling, finite element analysis and
experiment. Since meta-dynamic or dynamic recrystallization has been found to be very effective in
producing fine grains, reduction ratio and interpass time in the proposed rolling pass schedules were
determined in order to invoke such recrystallization as often as possible.
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Fig. 2 Cooling rates at different locations in

thickness direction
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Table 1 Schedule 1
n reduction | strain rate |interpass time

pass 1o. (%) (/secy {sec)

1 7 5 10

2 9 s 10

3 13 5 10

4 15 10 10

5 15 10 10

6 17 % w10

7 17 0 20

8 | 15 } 15 ' 11

9 15 15 11

10 15 | 20 | 12

11 15 | 20 12
12 1 20 12
13 20 30 14

14 25 30 4
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Table 2 Variation of grain size in Schedule 1

location | coolling condition ! prediction | experiment
water quenching
(austenite) 12.4ym 22.1ym
surface air cooling
(ferrite) 8.5 /m -
water quenching ’
|4y (austenitc) 193m | 26.4um
air cooling
(ferrite) 1 9.2 um
[
water quenching !
(austenite) B.5m  W4m
center I air_cooling
(ferrite) 10.1/m

surface(w.q.)

1/4t(w.q.)

center(a.c.)
Fig. 3 Optical microstructures of locations and

center(w.q.)

cooling conditions in Schedulc 1(An arrow
indicates the rolling direction)
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Table 3 Schedule 2

=
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™,

pass No. redl‘l)/cot)lon ] str?;;cgate 1nter;zses(s:) fime
1 6 5 10
2 8 5 15
3 9 5 15
4 15 10 13
5 15 10 15
6 10 15 15
7 9 15 25
8 12 20 12
9 12 20 11
10 15 20 11
11 13 20 12
12 13 20 13
13 —T 13 25 13
4 | 14 25 13
15 13 25 14
16 ) 5 30 14
17 14 30 15
18 15 | 30 15
19 6 30 15
“ o —surface

140 - --1/a
Lo center
’E; b 16pass17pass

Tlmez(‘gec)

T
x0

2

Fig. 4 Predicted austenite grain size at different

locations

Table 4 Vanation of grain size in Schedule 2

location cooling condition | prediction | experiment
water quenching | < <
(austenite) 30.5/m 29.2/m
surface - air cooling
- (ferrite) } 1 Sum
water quenching
(austenite) 33.74m 303 um
1t air coolmg
(ferrite) B 11.4um B
water quenching
~ (austenite) 36.7ym 32.4um
center | air cooling T
1 (ferrite) 12.0um

col 4

St

surface(w.q.) surface(a.c.)

1/4t(w.q.) 1/4t(a.c.)

center(a.c.)

center(w.q.)
Fig. 5 Optical microstructures of locations and
cooling conditions in Schedule 2(An arrow
indicates the rolling direction)
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Table 5 Schedule 3

T - - - e
i reduction Tstram rate | interpass time
pass No.| oy | (seq) o) (o)
1 6 2 10
. - -
2 ﬁ 2 13
3 9 2 13 )
4 o123 13
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Fig. 6 Vanations of austenite grain size at three
locations in Schedule 3
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Fig. 7 Vvariations of temperature at three locations
in Schedule 3
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Retained strain

Time (sec)

Fig. 8 Variations of retained strain at three
locations in Schedule 3
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Fig. 9 Predicted austenite grain size at different
locations
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Table 6 Varation of grain size in Schedule

locationlcooling condition

prediction | experiment
| water quenching
| (austenite) 12.8um 15.4um
surface air cooling
(ferrite) 6.3 um
water quenching
(austenitc) 14.3um 17.8um
lat air cooling
L eme o The
water quenchmg
(austenite) 14.9um 18.6m
center air cooling
| (ferrite) 7.8 ym

surface(w.q.) surface(a.c.)

1/4t(a.c.)

center(a.c.)

center(w.q.)

Fig. 10 Optical microstructures of locations and
cooling conditions in Schedule 3(An arrow
indicates the rolling direction)
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