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FE Analysis and Die Design of The Multi-stage Rectangular
Deep Drawing Process with the Large Aspect Ratio

H. J. Kim, T. W. Ku and B. S. Kang

Abstract

Deep drawing and ironing are the major process today in manufacturing of aluminum alloy battery
case used in cellular phone. Most of these processes require multi-stage ironing following the deep
drawing and redrawing processes. The practical aspects of this technology are well known and gained
through extensive experiment and production know-how. However, the fundamental aspects of these
processes are relatively less known. Thus, it is expected that process analysis using FEM techniques
would provide additional detailed information that could be utilized to improve the process condition. This
paper illustrates the application of process modeling to deep drawing and redrawing operations. To verify
the simulation results, the experimental investigations were also carried out on a real industrial product.
The numerical analysis by FEM shows good agreement with the experimental results in view of the
deformation shape of the product. A commercially available finite element code LS-DYNASD was used to
simulate deep drawing and redrawing operations.
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SR AMIIZEE|XI/A| 104 A6S, 20013 /457



32t TAL G (minor axis) Wake] ofeloid-g Fut
3 ERY AYgew A ﬁlglu—”ﬂ e R
Z AYAEY ¥ g4 7= "ol H(taper)? HA]
Yoz Jyggozy FTPdA HEE o ks
ABE FelaiA QoW 7HE4stE gAskE o 79
stuA HEE may @AY sl 229 ke 8t
o] F4& Fol7] 3 Hxog MAHUt

5~6a FAolA #HEAH AF] Y 7 ofol
olJdg 53 A9 #UsE sha 7a FANA FAA
Ho| =g (trimming)S 39 30.96X7.9X54mi( 7}

2,

AES AddeA gl 93~
142 3735 F8) uA] ofelojdg FRkg =2z &

o & E3) 2955X%5.95X634mre
& vy "ok o] & %

34 A3A0l 290

p
S

RO

22 ANHE M=

221 =2¢ M=t

2 =M AAF AAE HE A Zhas
Fig. 201 Wehde I8 opAbs] -4 o] 7)AHAsahi-Seiki
b)) TP-65DE ol Table 12 1 AMYE Hoj&th
oA dHd FAEME EWE A g8e oAolF
Zezof AAF G4 Fig 3olM Holsi vk

Table 1 Transfer Press Specification

Rated capacity (ton) 65
Recommended capacity(ton) 45
Standard ram stroke(mm) 177.8
Max. ram stroke(mm) 203.2
Shut height(mm) 508.0
Main motor{kw) 15.0(4P)
Operating speed(spm) 25-100
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Fig. 2 Transfer Press : Asahi-Seiki TP-65D

Fig. 3 Punch and Die shape
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Fig. 7 The final product geometry of a rectangular
battery case(AR=10.6, unit : mm)

Table 2 Material parameters

Al. Alloy 3003-Hl6

Fig. 4 The products from each step for the battery Density(Mg/m3) 2.73
case Young's modulus(GPa) 70
Poisson's ratio 0.33
Yield strength(MPa) 187
Initial strain 0
Strain hardening Prefect plasticity
Elongation(%) 5~14
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Fig. 8 The profile of the punch and die from the first to the fourth deep drawing processes
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Fig. 9 FE Model for each drawing step
(a) The first drawing step
(b) The second drawing step

(c) The third drawing step
(d) The fourth drawing step
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Table 3 The Simulation parameter of each step

1st 2nd 3rd 4th
Blank No. of elements | 2420 | 2420 | 2420 | 2420
No. of nodes 5002 | 5002 | 5002 | 5002
Blank | No. of elements 15 - - -
Holder | No. of nodes 31 - - -
Punch No. of elements | 160 128 170 100
No. of nodes 170 224 269 118
Die No. of clements | 106 180 170 153
No. of nodes 127 268 256 235
Knock |No. of clements | 16 28 48 3
~Out | No. of nodes 17 30 51 14
Rz

Fig. 10 The blank model and boundary conditions
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Fig. 11 The result after the first drawing
(a) Simulation result
(b) Experimental result
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Fig. 12 The effective stress distributions of the first
and the second deep drawing processes
(a) the first deep drawing
(b) the second deep drawing
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Fig. 13 The result after the second drawing
(a) Simulation result
(b) Experimental result
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Fig. 14 The result after the third drawing
(a) Simulation result
(b) Experimental result
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Fig. 15 The effective stress distributions of the third
and the fourth deep drawing processes
(a) the third deep drawing
(b) the fourth deep drawing
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Fig. 16 The result after the fourth drawing
(a) Simulation result
(b) Experimental result
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