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The optimization of the secondary cooling conditions on continuous casting.
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Tatsuya Kawamoto, Shoichi Takada, Shinichi Kitade and Ichiro Takasu

Synopsis: Gathered short cracks are observed on billet surface. These surface defects are often observed on high Ni alloy

steel (Ni=2.5%), leaded-free cutting steel and vanadium added steel.
In this study, the generation mechanism of these gathered short cracks were clarified by using CAE analysis and
its amount were reduced by the optimization of the secondary cooling conditions on continuous casting.
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Fig.1 An example of observed gathered-short-cracks.
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Fig.2 Schematic illustration of the secondary cooling system.
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Table 1 Water distribution of the secondary cooling
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Table 2 Chemical compositions

=2 bR
(mass%)
Grade C Si Mn Ni Cr Mo v Pb
SNCM616  0.17 0.20 0.87 2.80 1.45 0.40 - -
SCR420 (L) 0.20 0.20 0.86 - 0.97 - - 0.06
SMNV40 (L) 0.39 0.82 1.15 - - - 0.07 0.10

Table 3 Casting conditions
K3 HBEFRH

casting speed 0.40~0.55m/min
oscillation stroke =+ 2mm
negative strip ratio 75%
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Table 4 Evaluation results of gathered short cracks
wide face narrow face K4 ESREOFIM

south | north west | east
o T 7 60% T 5 40 5 specific water ratio
0, 0 (] (] 0 ch Ve
No 2 6% 6% 4 4 st_a&doagd standard stf&d()asrd
No, 3 3% 3% 2% 2%
No. 4 3 3 2% 2% A 0.%0 O X alla
No, 5 3% 3% 2% 2% B 0.46 O A X
No, 6 3% 3% 2% 2%
No 7 3% 3% 2% 2% ¢ 0.46 o A x
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Fig.3 Comparison between spray and mist cooling on
gathered-short-cracks in 167mm round billet.
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Fig.4 Thermal stress on bloom surface with two types of the secondary cooling.
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Fig.5 Analytical model of the secondary cooling.
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Table 5 Analytical conditions
=5 MWRTERG

CAE code DEFORM 3D
Mode | Thermo-mechanical
coupling analysis (1/4)
Material SCM440
Bloom size 380 x 530mm
Thickness of shell 40mm (const)
Casting speed 0.50m/min
Temparature of inside 1500°C
Surface temparature of bloom about 1260°C
Heat transfer coefficient Table 6
(spray or mist cooling)
Heat transfer coefficient 0. 02kcal /m's°C
(air cooling)

20

Table 6 Heat transfer coefficient
K6 X TL—%HE I X NSO EZRE

cooling | position h (kcal/m?s°C)
method middle | 1/4 | corner
case 1 spray 1 2.52 1.77 1.29
strong 2 1.38 0.97 0.70
3 1.38 0.97 | 0.70
case 2 spray 1 2.02 1.42 1.03
2 1.10 | 0.77 | 0.56
3 1.10 | 0.77 | 0.56
case 3 spray 1 1.38 0.97 0.70
weak 2 0.75 0.53 | 0.39
3 0.75 0.53 | 0.39
case 4 mist 1 0.20
strong 2 0.14
3 0.14
case 5 mist 1 0.14
weak 2 0.10
3 0.10
# (80mm). #5H (105mm) D3DDBEY — 2 %E%
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Fig.6 Temperature change of bloom surface.
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Fig.7 Effect of cooling conditions on damage index
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Fig.8 Effect of cooling conditions on the maximum strain rate.
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