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Fundamental Investigation of Inline Prereduction

Shearing Method of Continuous Casting Steel

Osamu TsupA, Hiroshi OSUNA, Yoshihiro YAMAGUCHI and Shiro SAKAMOTO

Synopsis :

The prereduction shearing method of continuous casting steel has been fundamentally investigated in
which reduction of thickness and sequential shearing are applied to the steel for the purpose of decreasing
the capacity of a shearing press as well as saving energy.

The prereduction shearing model tests of hot carbon steel were carried out, and a prereduction shearing
apparatus was made according to the results.

The prereducing tests of unsolidified ingots were also carried out to show that no internal cracks are
found when the ratio of solid shell thickness to total thickness is more than about 30%. In the prereduc-
tion shearing tests of unsolidified ingots, a few internal defects appeared, but they were very fine and
thought to be harmless. Some cracks and leaks of liquid steel through the cut section were observed too,
and they caused to the surface defects at the end of rolled sheets. However, they were not so serious be-
cause they would be cut off with crop loss,

The press capacity is minimum when a prereducing load equals to a shearing load, and for a large section
continuous casting steel it will be remarkably reduced by angular tools after solidification, and by circular
tools before solidification.

It is concluded that the prereduction shearing method is very useful for promoting hot direct rolling pro-
cess of continuous casting steel.

Key words : continuous casting ; solidification ; forging ; shearing ; direct rolling ; internal crack ; saving

energy ; press shear.
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Fig. 1.

process.

Basic tool shapes in prereduction shearing
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Fig. 2. Prereduction shearing apparatus.

Table 1. Chemical composition of carbon steel
(wt% ).
C Si Mn P S Cu Ni Cr Al

0.1 0.22. 0.78 0.018 0.004 0.01 0.01 0.02 0.031
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Fig. 3. Tools for prereduction shearing tests of
hot carbon steel.
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Fig. 4. Relation of lateral deformation to prere-

duction ratio in prereduction shearing model tests
of S45C at 1 000°C.
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Fig. 5. Relation between prereducing loads and
shearing loads in prereduction shearing model tests
of S45C at 1000°C. The arrows below the figure

indicate minimum load conditions for each tool.
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Table 2. Improvement of decrement of tool length
in cutting of carbon steel at 1150°C by making
roundness at the tip of 90° angular tools.

Roundness No. of sheared to?ff::";;nzl:fn)
Angular tool of the tip specimen g
mm Cutter Holder
Acute tip 0 11 4.65 1.85
Round tip 16.5 9 0 0
200
Thickness
150 100mm
Prereducing load
A —
100 |~ A a
~~~~~ Shearing foad
—-a S
50 A
60° angular tool
0 1 | | i
Thickness Prereducing load
150 b C & 150mm o -
A A 100mm M
- o <A
g 100 * oe.
T TTrAea
3 %r Shearing load
90° angular tool
0 1 1 I 1
Thickness Prereducing load
200 -
150 +
100 -
Shearing load
50 |-
60mm radius circular too!
0 1 1 ! 4
20 30 40 50 60 70
Prereduction ratio %

Fig. 6. Relation between prereducing loads and
shearing loads at various prereduction ratio.
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Table 3. Chemical composition and test results for prereducing tests of unsolidified ingots.

Chemical composition (wt% )’ . . . .
Ingot Pourin, Openin Loadin; Reduction Load Internal
Type of steel | "y’ c Si Mn P S Al temp. (sC) time (s time (s % (tf) defects
Low 31 0.05 0.18 (.38 0.030 0.028 0.027 1650 180 244 29.6 11.5 Found
carbon 33 0.09 0.23 0.48 0.030 0.032 0.039 1630 180 278 25.5 21.3 None
steel 34 | <0.05 0.13 0.29 0.029 0.027 0.019 1640 180 314 271.7 27.4 None
Middle 8 0.43 0.24 0.51 0.031 0.029 0.037 1625 150 Not reduced None
carbon 117 0.34 0.25 0.43 0.032 0.031 0.051 1630 154 361 30.6 45.8 None
steel 22 0.44 0.26 0.50 0.029 0.027 0.045 1625 150 358 28.0 33.0 Found
23 0.36 0.26 0.50 0.031 0.030 0.034 1630 150 358 54.8 43.0 None
Table 4. Chemical composition of test ingots (wt% ).
Ingot C Si Mn P S Cu Ni Cr Al
No. 1 0.41 0.22 (.64 0.006 <0‘.005 0.10 0.10 <0.01 0.029
No. 2 0.43 0.22 0.65 0.004 <0.005 0.10 0.10 <0.01 0.024
No. 3 0.40 0.22 (.61 <0.002 <0.005 0.10 0.09 <0.01 0.027
No. 4 0.41 0.22 0.61 0.003 <0.005 0.11 0.09 <0.01 0.033
No. 5 0.45 0.23 0.63 0.004 <0.005 0.10 0.10 <0.01 0.025

a : No. 8, prereduction 0% b : No. 22, prereduction 28.0%

¢ : No. 17, prereduction 30.6%

d : No. 23, prereduction 54.8%
Photo. 2. Macro-structures (right) and sulpher test results (left) of the longitudinal cross-section of unsolidi-
fied middle carbon steel ingots after prereducing test.
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a : Center 100 mm under the punch

b : Center at the punch

¢ : 17 mm from surface at the punch

Photo. 3. Macro-structure in the longitudinal cross-section of an unsolidified middle carbon steel

ingot after prereducing (No. 22).

Table 5. Test results for prereduction shearing tests of unsolidified middle carbon steel ingots.

Ingot No. 1 No. 2 No. 3 No. 4 No. 5
Start of reducing 6'50” 6'20” 6°00” 6°00” 6°00”
End of shearing 7'25” 7°00” 6'44” 6'30” 6'26”
Solid thick. ratio (% 38.9 37.3 36.0 36.0 36.0
Prereduction Tool radius (mm 60 60 40 40 40
shearing Reduction ratio (% 48.8 41.9 54.0 47.8 55.6
Reducing load étf 50.8 40.0 40.0 30.1 37.7
Shearing load tf 40.0 40.0 32.0 28.1 22.9
Cut surface quality Shear cracks Center crack A little leak Leak Some leak
Transfer condition Naked Naked Covered Covered Covered
. Rolling time 8'02” 10°00” 10'19” 10°00”
Rolling Aimed thickness (mmg 23 23 23 13 13
Finishing temp. (°c 965 1009 972 850 895
HTE, S DIARIEC S D REETA LA S g
EWTES. X X{ Low carbon steel
@ O Middle carbi teel
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Fig. 7. Effect of solidification ratio upon appear-
ance of internal cracks.
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Photo. 4. Macro-structures
a)~e) and a sulpher print f)
of the longitudinal cross-
section of the unsolidified
ingots cut by prereduction
shearing method.
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Table 6. Comparison of various loads based on the results of prereduction shearing tests.

Experimental results Estimation for CC bloom
. Section Tool Mean temp. Simple shear Minimum load Reduction -P/Py Average loa Mean temp. | Average lgad
Material | A¢m2) | shape (°C) load Po (tf) P(tf) % (%) | P/A(kgt/ mmg) (°c) (kef, mmg)
60° 105.6 70.2 30.9 66.5 3.15 3.72
100X200 | go° 117.7 71.5 35.2 60.7 3.58 3.79
CC steel 1150 169 3 051 5 p 350 1120
90° . . 35. 1 .5l 3.71
150%200 | 60’ mmR 194.2 133.5 32.2 68.7 1.15 4.71
weos | 1o | Bonk v | - TR
YA of R DA bhiz< 7 oot K4 FRRIBOEE % &

B, 5, TLERE#HOMAARHE LT, KinA
90° PDVHMTE%, FAREAMAATMAL LT, &K
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WrBR I, 2N 61% B X UK 34% KT
BT ENbLAS.
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