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A Study on Initial Blank Design and Modification for
Rectangular Case Forming with Extreme Aspect Ratio

T. W. Ku, C. S. Park and B. S. Kang

Abstract

Rectangular drawn case with extreme aspect ratio is widely used for electrical parts such as a lithium-ion battery
container, semi-conductor case and so on. Additionally, from the recent trend towards miniaturization of the multi-
functional mobile device, demands for rectangular case with the narrow width are increased. In this study, numerical and
experimental approaches for the multi-stage deep drawing process have been carried out. Based on the research results of
the width of 5.95mm model, finite element analysis for storage case of rectangular cup type was verified to the width of
4.95mm. Also, a series of manufacturing experiments for rectangular case is conducted and the deformed configuration of
the rectangular drawn case are investigated by comparing with the results of the numerical analysis. And the modification
of the initial blank is performed to minimize the trimmed material amount. By the application of the modified blank, the
sound shape of the deformed parts is improved.

Key Words : Multi-Stage Deep Drawing, Rectangular Case, Blank Design, Blank Modification, Finite Element Method
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Fig. 1 Dimensions of rectangular cases (unit:mm)
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Fig. 2 Layout of the multi-stage rectangular deep drawing process with a width of 4.95mm
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Fig. 3 Initial blank profiles for each model (unit:mm)

Table 1 Specifications of rectangular case(unit:mm)

Length | Height | Width | AR(L/W)
Type A | 29.55 | 63.40 5.95 437
Type B | 33.60 | 48.45 4.95 6.79
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Fig. 4 Cross-sectional blank profile of rectangular case

Fig. 5 Conceptual design of intake angle
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Table 2 Mechanical properties of AA-3003-H16

Al. Alloy 3003-H16

Young’s Modulus (GPa) 70
Poisson’s Ratio 0.33
Ultimate Strength (MPa) 180
Yield Strength (MPa) 170
Initial Strain 0

Strain Hardening Perfect Plasticity

Avg. Elongation (%) 10.85

t=0.8 (2 layers)

Fig. 8 Initial mesh system for the blank (unit:mm)
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Fig. 11 Effective strain distributions of the third step
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Fig. 14 Experimental result for rectangular case deep drawing with 4.95mm width
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Fig. 15 Flow chart for initial blank modification
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Fig. 16 Procedure of initial blank modification
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before and after modification of the initial blank
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Table 3 Height of the workpiece in the experiment and simulation before and after modification (unit:mm)

Experiment values Simulation values (before) Simulation values (after) Reduction
Minimum Maximum Minimum Maximum Minimum Maximum (%)
1% step 16.6 18.9 14.60 18.26 12.94 13.62 25.41
2" step 222 24.6 21.98 25.75 19.68 20.61 19.96
39 step 319 34.5 31.92 35.11 27.05 28.23 19.60
4™ step 40.4 43.1 39.41 43.26 33.54 35.51 17.91
5% step 473 52.0 43.61 47.92 37.83 39.74 20.58

(a) Initial blank application  (b) Modified blank application

Fig. 18 Trimmed amount after the fifth deep drawing
forming, before and after modification of the
initial blank

— Trimming values (37.6mm)
554 —a— Experiment values
4 A Simulation values (Previous blank design) ']
504 —*— Simuiation values (Modified blank design) 7
a e -~#— Minimum values //
45 .
]
£ “
g 25
2
15
10 —T 1 T T T
1 2 3 4 5
Deep Drawing Step

Fig. 19 Height distribution after the fifth deep drawing
forming, before and after modification of the
initial blank
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