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Abstract

Hot press forming can produce high-strength components by rapidly cooling between closed punch
and die after hot forming using quenchable boron steel austenized in a furnace. In the hot press
forming process, the cooling rate is influenced by the size, position and arrangement of the cooling
channel and the file condition of cooling water in the die. Also, mechanical properties of the final
components and operation time are related to cooling rate. Therefore, the design of optimized cooling

channel is one of the most important works.

In this paper, the effect of position and size of the

cooling channel on the cooling rate was investigated by using design of experiment and FE analysis in
hot press bending process. Therefore the optimum cooling channel ratio was presented in the HPB.
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Table 1 Chemical composition of the quenchable
boron-steel

(Unit : wt %)
Cr B Fe
022 | 04 1.4 | 0.03 |0.015| 0.37 |0.003 [97.562
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Fig. 1 CCT diagram of the boron steel
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Fig. 2 Schematic of the processes in the HPB
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Fig. 3 Temperature change of the blank at lcycle
in the HPB
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(Design parameters ]

Simulation conditions

¢ Cooling hole
He=f(Re,K,Nu)
He:4,200W/m2C

¢ Environment
Te:20C
He:10W/m?C

Fig. 4 Design variables and analytical model of
HPB
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Table 2 Design parameters and their levels in the

hot press bending process

Desi . Level
esign parameter
gn p ) 3
A Hole Diameter (mm) 8§ | 10 | 12
Distance between hole and sidewall
15 | 30 | 45
(mm)
Distance between hole and hole
20 | 40 | 60
(mm)
D Flow condition L |L/T| T

L : Laminar, L/T : Transition, T : Turbulent
Table 3 Lo(3%) Orthogonal array table

No Design parameters and theirs levels
A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 2 1 3
5 2 3 2 1
6 2 1 3 2
7 3 3 1 2
8 3 1 2 3
9 3 2 3 1

Temperature(C)
A=20 B=47 C=73 D=99 E=125F=151 G=178 H=2031=230

Fig. 5 Temperature distributions after lcycle

analysis
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Fig. 6 Temperature distributions after 10cycles
analysis
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