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Optimum Tool Design in a Multi-stage Rectangular Cup Drawing and Ironing
Process with the Large Aspect Ratio by the Finite Element Analysis
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Abstract

Optimum tool design is carried out for a multi-stage rectangular cup deep-drawing and ironing process
with the large aspect ratio. Finite element simulation is carried out to investigate deformation mechanisms

with the initial design made by an expert. The analysis considers the deep drawing process with ironing for
the thickness control in the cup wall. The analysis reveals that the difference of the drawing ratio within the
cross section and the irregular contact condition produce non-uniform metal flow to cause wrinkling and

severe extension. For remedy, the modification guideline is proposed in the design of the tool and the process.

Analysis results confirm that the modified tool design not only improves the quality of a deep-drawn product

but also reduces the possibility of failure. The numerical result shows fair coincidence with the experimental
one. After tryouts of the tool shape, the rectangular cup has been produced in the transfer press.
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Fig. 1 Initial mesh system for the blank discretized by
continuum elements
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Fig. 2 Punch and die profiles at each forming stage in
the initial design: (a) stage 1; (b) stage 2; (c)
stage 3; (d) stage 4; (¢) stage 5
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Table 1 Desired thickness reduction for the ironing
process in each stage

Thickness
(mm) stage | stage2 stage3 staged4 stage S
Major Axis  0.4925 046 043 0.42 0.41
Minor 4025 046 045 044 043
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Fig. 3 Deformed shape of the blank at cach forming
stage with the initial design: (a) stage I; (b) stage
2; (c) stage 3; (d) stage 4; (¢) stage 5
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Fig. 4 Thickness distribution with the initial design: (a)
stage 1; (b) stage 2; (c) stage 3; (d) stage 4; (¢)
stage 5
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Fig. 5 The location of the thickness measuring points of
Fig. 4: (a) position of measuring points at the
stage 1; (b) position of measuring points at the
stage 2
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Fig. 6 Shape of the cup wall at the stage 1
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Fig. 7 Initial shape of tool positioning at the stage 4
with the initial design: (a) minor axis; (b) major
axis
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Fig. 8 Modifying procedure for the shoulder part of the
punch at the minor axis at the stage 2: (a) major
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Fig. 9 Modification procedure for the cross section of
the punch head at the stage 4 (a quarter model):
(a) initial design; (b) modified design
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Fig. 11 Deformed shapes of the blank at each forming
stage with the modified design: (a) stage 1; (b)
stage 2; (c) stage 3; (d) stage 4; (¢) stage 5



FR82HNE olg W AT 2

A oA tx =2 q-otolold T HH FPIA 1083

—e— Simulation (Major Axis)

0.544 0.544 0.54 ~&— Simulation (Minor Axis)
] ] ] ®  Experiment (Major Axis)
0.52 052 052 ®  Experiment (Minor Axis)
o~ 080 h g onn 0.50 -~ 0.50 - - - Target Thickness (Major Axis)
T 1 —— Target Thi Mi i
iEE 048 E 048] E 0.48 ‘arget Thickness (Minor Axis)
4 0.6 % 0461 g 0461 "
c @ 2 =y
§ oM o Simulation g 04 —o— Simulation (Major Axis) | § 0441
£ 0424 @ Experiment (major axis) E 0.424 —-E-—Simullation (Min9r Axi§) £ 0424
0.404 = Experiment (minor axis) 0.404 @ Experiment (m?JOY Axis) 0.40
—— Target Thickness = Experiment (Minor Axis)
0.38] 038 — Target Thickness 0.8
0.36 T T 0.36 , - 0.36 T v ~
o 10 20 30 (] 10 20 30 40 0 10 20 30 40
Distance from the Center (mm) Distance from the Center (mm) Distance from the Center (mm)
(a) ® (©)
0.54 —6— Simulation (Major Axis) 0.54 ~6- Simulation (Major Axis)
0.52] —&— Simulation {Minor Axis) 0.52] —— Simulgtion {Minor Axis)
) @ Experiment (Major Axis) '- @ Experiment (Major Axis)
- 0.501 & Experiment (Minor Axis) € 0.50 W Experiment (Minor Axis)
€ o )P Y| Target Thickness (Major Axis) E ossimpll | ?rgetmfckness (Major Axis)
‘T}‘: 0.46 —— Target Thickness (Minor Axis) 3 0.6 arget Thickness (Minor Axis)
o X c
£ 0444 " § 044
£ 0427 PF ppoo0cBOoeaPREOeT. .. Fooa{
0.40 0.40
0.384 0.38
036 T T T T ) 0.38 T T T T T o
0 10 20 30 40 50 0 10 20 30 40 50 60
Distance from the Center (mm) Distance from the Center (mm)
(d) (e)

Fig. 12 Thickness distribution in each forming stage with the modified design: (a) stage 1; (b) stage 2; (c) stage 3;

(d) stage 4; (e) stage 5

@ ).
Fig. 13 Initial shape of tool positioning at the, stage 4
with the modified design: (a) minor axis; (b)
major axis
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