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Analysis on Warping of Steel Plate under Controlled Cooling
Naotake Yosumara and Masahisa Fujikake

Synopsis : A numerical analysis on the warping of steel plates during the controlled cooling, has been conducted by beam model
with one-dimensional stress and thermo-elastic-plastic material. In order to prove the validity of this analysis,
experiments were conducted using a newly designed experimental device. The continuous changes in temperature and
warping were measured in water cooling.

(1) The validity of this analysis was quantatively proved by comparison with the experiment results. It is expected that
this caluulation technique will be applied to control of warping of steel plates and shape steels in the controlled cooling
process.

(2) From the results of this analysis, it was found that the main factors of warping were phase transformation, yield
stress and thermal conductivity.

(DIn the case of low-temperature-transformation, both warping behavior during cooling and residual warp are large,
because of large expansion in phase transformation and high yield stress at low temperature.

@ A higher yield stress leads to a larger warping.

® A higher thermal conductivity leads to a high, steep temperature slope in thickness, which causes a higher thermal
stress and larger warping.

Key words : steel plate ; controlled rolling ; warping ; bending ; transformation.
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Fig. 2. Thermal properties for calculation.
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Table 1. Coefficient of thermal expansion used
for calculation of material A.

: Coefficient of Expansion in
Microstructure thermal expansion transformation
Austenite 0.0000254 0
Ferrite 0.0000140 0.00217 (at 750°C)
Pearlite 0.0000140 0.00217 (at 750°C)
Bainite 0.0000146 0.00431 (at 575°C)
Martensite 0.0000147 0.00738(at 447°C)

Table 2. Heat transfer coefficient used
for calculation. (W/m?/K)

Temperature Water flow rate W (£/m?/min)
Ts(°C) 488 349
25 14332 11520
50 14332 11520
100 12897 10414
200~500 102.7GD+0.595-LOG(W) —0.00179*Ts
500.-800 102.424+0.663-LOG(W) —0.00147"Ts
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Fig. 3. Calculation flow for warping of plates dur-
ing water cooling.
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Table 3. Chemical composition of materials. (Mass%)

Cr

0.1
0.02
18.62

Ni |Mo| V P S [SolLAll T.N

0.14 1 0.11 {0.046|0.007{0.005/0.026|0.003
9.23 | tr | tr [0.010{0.003|0.039|0.002
8.6010.015]0.015|0.003]0.003)0.02 |0.006

Material] C | Si

0.12 0.23
0.06 |0.28
0.056| 0.62

Mn

1.34
0.06
1.25
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Fig. 6. Experimental apparatus for measuring war-
ping of plates during water cooling.
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