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A Study on the Enhancement of Flatness
for the Metal Sheet with Curvature

D. U. Woo, J. Y. Kim, J. H. Kim, S. W. Lee

Abstract
The focus of this study is on the enhancement of flatness for the shielded slot plate, one of main components of the

MCFC stack. The shielded slot plate is to get curvature during manufacturing process since it is produced by forming

operation from only one side of it. Therefore, a correction die is proposed to place just after the main die to apply
unbending on the curved plate to get almost flat product. In the design for the correction die, four kinds of design factors
are selected to study which factor is the most influencing one affecting the flatness of the plate. From the experimental
results using Taguchi method, it has been revealed that the Young's modulus of urethane die is the most critical factor.

Key Words : Metal Sheet with Curvature, Taguchi Method, Flatness, MCFC
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Fig. 1 Test set up for the experiment
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Table 1 Factors and levels used in the experiment
Levels
Factors Unit
1 2 3
A. Radius of Punch( 7 ) mm 60 140 950
B. Young’s modulus 11. | 18.0
_ MPa 44.50

of Urethane Die (£ ) 37 3

C. Forming Depth (& ) mm | 1.0 ] 1.5 2.0
D. Feeding Dist. () mm | 9 18 27
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Fig. 2 Three kinds of round punches
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Fig. 3 Three kinds of urethane dies : hardness is (a) 70,
(b) 80 and (c) 90
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Fig. 4 Schematic drawing for the forming depth
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Fig. 5 Comparison of flatness before and after

experiment (case 9)
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Table 2 Orthogonal array table of L,(3%) and results
of the experiment

Case Factor Results
No. [ a(r) | B(E) | c(8) | D(f)| (I px10°)
1 60 11.37 1.0 9 1.507727
2 60 18.09 1.5 18 0.452567
3 60 44.50 2.0 27 -2.358723
4 140 11.37 1.5 27 1.410020
5 140 18.03 2.0 9 1.769724
6 140 | 44.50 1.0 18 -1.971414
7 950 11.37 2.0 18 -0.214762
8 950 18.03 1.0 27 0.998442
9 G50 | 44.50 1.5 9 -0.246246
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Fig. 6 The result of average analysis
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Table 3 Result of analysis of variance (ANOVA)
Facor | "™ [ por | Mean | | g
Squares Square
Model 17.637 6 2.939 | 13.074 | 0.073
B(E) | 12,763 2 6.381 | 28.382 | 0.034
C(o6)| 1.003 2 0.501 | 2.231 | 0.2309
D(f)| 3.871 2 1.936 | 8.610 | 0.104
Error 0.450 2 0.225
Total 18.086 8
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