Multi-stage Finite Element Inverse Analysis of Elliptic Cup
Drawing with large aspect ratio considering Intermediate
Sliding Constraint Surface
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Abstract

An inverse finite element approach is employved for more capability to design the optimum blank shape

from the desired final shape with small amount of expense and computation time. For multi-stage sheet

metal forming processes, numerical analysis is extremely difficult to carry out due to its complexities and

convergence problem. It also requires lots of computation time. For the analysis of elliptic cup with large

aspect ratio, intermediate sliding constraint surfaces are difficult to describe. In this paper, multi-stage

finite element inverse analysis is applied to multi-stage elliptic cup drawing processes to calculate

mntermediate blank shapes and strain distributions in each stages. To describe intermediate shding

constraint surfaces, an analytic scheme is introduced to deal with merged-arc type sliding surfaces.
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Fig. 1 Schematic geometry of the sliding constraint
surface.
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Fig. 2 Division of sections for intermediate sliding
constraint surfaces.

ry,r; : radii of circles
erTL rp : radius of punch
Y; Cu (= Cy) : radius of ry
Ciy(= Cy) : radius of ry,
r Y2 (0,ya,) : center of Cyy and Cy,
Cy1 : radius of ry;
(nYm) Cy, : radius of rx

r. 2 (%»,0) : center of C; and Cz,
(% H (Xm,ym) : intersect between Cy,and Cs,
£ y: : line between ( x,,0 ) and ( Xm ,ym)

Y2 : line between (0, ya) and ( Xm,ym)

(0ya)
Fig. 3 Geometric parameters for the section definition.
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Fig. 4 Division of sliding constraint surface area.
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Fig. 5 Schematic vectors to define sections.
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Fig. 6 Desired final shape of the multi-stage elliptic cup
drawing (Stage 4)
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Fig. 7 Punch and die profiles for multi-stage elliptic cup
drawing.
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Fig. 8 Computed intermediate shapes of each stage : (a)
Stage 3; (b) Stage 2; (c) Stage 2; (d) Initial
blank shape
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Fig. 9 Thickness strain distribution of each stage (rolling
direction)
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Fig. 10 Thickness strain distribution of each stage
(transverse direction)
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