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Finite Element Inverse Analysis of the Deep Drawing Process
Considering Bending History
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(Received August 6, 2007)

Abstract
This paper introduces a new approach to take account of bending history in finite element inverse analysis during sheet

metal forming process. A modified membrane element was adopted for finite element inverse analysis so that bending-

unbending energy was additionally imposed in the total plastic energy, predicting bending-unbending regions using the
geometry of the final shape and tools. An algorithm was applied to a cylindrical cup deep drawing process. The blank
shape and the distribution of the thickness strain were compared with those obtained from the incremental finite element
analysis in order to evaluate the effect of the bending history. The algorithm reduced the difference between the results of

the inverse analysis from those of the incremental analysis due to bending history. The analysis was also carried out with

the variation of the thickness of the initial blank to investigate the effect of bending deformation. The results showed that

the difference was remarkably reduced as the thickness of the initial blank increased. This indicates that the finite element

inverse analysis cooperated with the suggested scheme is useful to obtain more accurate results, especially when bending

effects are significant.
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Fig. 1 Geometric description of tooling for deep
drawing of a cylindrical cup

Fig. 2 Finite element mesh geometry of a cylindrical
cup : cup height = 40 mm

p=R+0.5t, (24)

ol R & tfo] oj7jF o IFE WkAo]
T G FAelt. i 91A
24 FEWES 27 fslA= AA
7} o] F= Ztmvt 2(25)8F Zotof gl

0=L/p (25)

7ML £ ¥ 82 A7 Aol Ww

)

Ao A F a7 FIAS ol R 99
AEE ZHA golxEs Wl old st w3y
A= AenEFE ALE = itk o714 B, @
g2 7t 947t AAAE FHoE oRE Rs
HFEZHEE 222)F 2ol AXE = 93 B,UE

o}

oJ

-

& oglemz AW 9% A Asks
s w4 glvh Mk 2 ATelldE &
Aol o3 Az Aze FAlsta WEPolE
= A8ete] Mz g9 A4EE olFE F a4t
OAl Hog Eoley d ddshs dwldey
A7F e a7k 9RbEe ARE o]F e 3

Al 2 A3 3 oA Fd 235 o]&3lY]
wHolds 1 fFesdaiy Trafs T
deta olE d¥H "HE==Y A Aessith
A9z A9} tholo] PA @ X4 Fig 1 I
Zom Fig 29 o] fate s mAYIT) 75}
st W3S fAetstel B¥Ae] 14 2 2dY
S stk olwl, 9P EMA ] FL 5mm ©
i, FEolE 40mm 0|t} el o] gH Az 2

AL YAGToz A5 B9 AF¥xHL
Table 1 ¥} Zt}

Table 1 Material properties and analysis condition
o =534.1(0.0002 + £)***MPa

Lankford value r=1.82

Initial thickness t, =1.0mm
Friction coefficient u=0.1
blank holding force F, = 40kN
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Fig. 6 Final thickness strain distribution of cylindrical cup drawing analysis with respect to the initial thickness of
the blank; (a) t=0.5, (b) t=1.0, (c) t=1.5
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