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Heating and Cooling Channel Design of Cross-Shaped Die
for Warm Forming of Magnesium Alloy Sheet

S. C. Choi, D. S. Ko, H. Y. Kim, H. J. Kim, S. M. Hong, S. Y. Ryu, Y. S. Shin

Abstract
It is known that the temperatures of die, punch, holder and punch pad need to be kept different to get better formability

in Mg sheet forming processes. Heating and cooling channels are usually equipped in each tool to assign different
temperature. This study focused on the optimal design of the heating and cooling channels for a cross-shaped deep
drawing die set. While the die and blankholder were heated to and kept at 250°C by using heat cartridges, the punch and
punch pad were kept at much lower temperature than that of the die and blankholder by water circulating through cooling

channels. All the approaches were done by numerical analyses, aiming to maximize the cup height and to minimize the

punch corner radius without any failure.

Key Words : Magnesium Alloy Sheet(P} 24| ¢ & A)), Cross-Shaped Die(4] 2}/ & %)), Heating and Cooling
Channel(7}d 2 W37} #]'2), Finite Element Analysis(#+ 82481 4)
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(a) Punch (b) Die
Fig. 1 Dimensions of the cross-shaped die and punch
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Die temp. 25T

" Cooler temp. 25T

Heater temp. 500T
(a) Punch (b) Die
Fig. 2 Finite element models
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Table 1 Thermal properties

. Cooling
Materiat SKDé61 Water
Thermal conductivity

(WmT) 272 6
Specific heat

(kg 548 418

Interface heat transfer coeff. 45

(N/s mm C) '

Diameter : 6 mm
Number of cooler : 3

Diameter: 6 mm
Number of tooler: 2

(a) Case 1 (b) Case 2 (c) Case 3

Diameter : 9 mm
Number of cooler 1 2 Temperature, T

ZO00e+02

L000e+61

(d) Case 4
Fig. 3 Influence of the diameter and number of
cooling lines on the punch temperature

(e) Case §

Table 2 Level of design variables

Variables(unit) Level 0 Level |
Diameter of cooling line, 6 9
D (mm)
Height of cooling line 5 10
from the surface, H (mm)
Gap of cooling lines, G
5 8
(mm)

Table 3 ANOVA table for the corner temperature

Section SS DOF MS F-test
D 56.711 1 56.711 2835.55
H 91.801 1 91.801 4590.05
G 7.762 | 7.762 388.1

D-H 4118 1 4.118 205.9
D-G 4.205 1 4,205 210.25
H-G 0.231 1 0.231 11.55
Error 0.02 1 0.02

Total 164.848 7

(a) Case 1 (b) Case 2 (c) Case 3

(d) Case 4 (e) Case 5 (f) Case 6

Temperature, C

»000e+0)

(g) Case 7
Fig. 4 Distribution of temperature of the punch

(h) Case 8
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(a) Case 1 (b) Case 2

{c)Case 3 (d) Case 4

Fig. 5 Arrangement of heat cartridge

(a) Case 1 (b) Case 2

Temperature, C
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(c) Case 3
Fig. 6 Distribution of temperature of the die
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