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An Analysis of Temperature, Thermal Stress and Shape Defect
during Accelerated Cooling in Steel Plates

Hiroshi Yosuwa, Takanori Tamart and Takayuki Ito

Synopsis

: A mathematical simulator during accelerated cooling after rolling in steel plates has been developed. The simulator can

predict simultaneously the temperature, the thermal stress and the shape defect during cooling with taking the phase

transformation into account.

The transverse temperature distributions at the entry of cooling device and at the exit of hot leveller were measured
in an actual plate plant, and also the thermal stresses after cooling (the residual stresses) and the cambers after
longitudinal cutting were measured. It was confirmed that their values can be predicted by the simulator.

The residual stresses predicted by the above mentioned simulator was compared with those by a simplified elastic
method which requires only the transverse temperature distribution at the exit of hot leveller in calculation. When the
transformation is finished in all cross section at the exit of hot leveller, both values are completely coincident. But there
is a big difference between the two when the transformation is not occurred in all cross section or is occurred partly

at the exit of hot leveller.
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E Data input J
Dimension of plate, Initial surface temperature distribution,
Division condition of section, Pass time at typical position,
Water flow density, Chemical composition,

Cutting condition, _etc.

Time . t=0

[ Calculation of initial condition |

>
>

y .
Calculation of temperature, phase transformation,
physical properties, theramal stress,

shape defect, etc.

Just after levelling ?

Calculation of Yes
time increment A t I Thernal stress : zero ]
[

t=t+At

y
[ Output of calculated result at time t /

No Phase transformation finish ?

Calculation of residual stress, shape defect,
camber amount, _etc.

/ Output of calculated result at room temperatua

Fig. 1. Whole flow chart of analytical simulater.
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X X, . Longitudinal cutting position [mm]

L :Cutlength [mm]
d,,d, : Camber amountat x | X, position [mm]

R,R; ! Curvature rudius at x | x , position [mm]
n,,n, : Curvature at X | X, position [mm’!]
€, ,&, . Z-direction strain at x ;| X, position [-]

Fig. 2. Schematic diagram after longitudinal cut-
ting.
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Fig. 3. Outline of water-cooling equipment Mizushima Plate Plant.
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Fig. 6. Comparison between measured and calcu-
lated values in H/L exit surface temperature
and residual stress.
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Table 2. Calculation conditions for prediction of
residual stress.
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Fig. 8. Prediction of residual stress from H/L exit
temperature.
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