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A Hierarchical Contact Searching Algorithm in Sheet
Forming Analysis

I.LK.KIM and Y.HKIM

Abstract
A dynamic explicit finite element code for simulating sheet forming processes has been developed.
The code utilises the discrete Kirchhoff shell element and contact force is treated by a conventional
penalty method. In order to reduce the computational cost, a new and robust contact searching
algorithm has been developed and implemented into the code. In the method, a hierarchical structure
of tool segments, called a tree structure, is built for each tool at the initial stage of the analysis.
Tree is built in a way to divide a trunk to 8 sub-trunk, 2 in each direction, until the lowest level
of the tree (leaf) contains exactly one segment of the tool. In order to have a well-balanced tree,
each box on each sub level contains one eighth of the segments. Then at each time step, contact
is checked from the trunk to leaves hierarchically for each node, i.e. when a half-infinite straight
line from a node comes out of the surface of the tool.
Simulation of various sheet forming processes were performed to verify the wvalidity of the
developed code with main focus on the usefulness of the developed contact searching algorithm.

Key Words @ contact searching, hierarchical structure, discrete Kirchhoff shell element, sheet
forming analysis
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Fig. 1 Geometric representation of a

quardrilateral plate element
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Fig. 2

The basic idea
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Fig. 3 Criterion for intersection

l%aﬂ NUMISHEET'93%¢] Az}
M7 NUMISHEET'96%¢] S-rail %23l

& Mg FAsty s1Ee) Aze} wmas
o

3.1 ARzh & A

NUMISHEET 93914 benchmark Ao 3§
HAE AR uAAdEIAANE vma )
£ o A Q1 d85Aelr). o] 7)1 M &=
NUMISHEET'93o 4] AAld E4x 9 7)3te4
P4E TYA dded, dAEAzg AN
24l 1/4& AMEstRT AF 12190, &2 100
MNE A1832 29, punch stroke® 40mmE 3t

o, ¥4 ExXE vasty xYgrl Fig 4=
punch stroke 40mm<% w e} HEE FA FA
o] £¥ 2 NUMISHEET'934A #AIAH &ite}



M)A & A & 5 A die] EAE
I-DEASE o] 839t

Fig. 4 Thickness distribution of square cup
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Fig. 6 Thickness distribution of S-rail

4 2 B

ATA AR HEGAPUA ABH HEG
2 gsrelzel o £7sh AEAN MFE 8
Ak 7120 We) waE AAME ] B
A% merel wasith AwE dwe Wy

FIAAIN 4T AR ET2 A48
g F A%e vt

Before Springback (10KN)
I .
250
| =~ -
» OCAS DE
e NUMISHEET '96
200 4—
ue
L ]
150 »
B
8
S
>
100
LI
o8
50
ow
0 a g L

[ 50 100 150 200

X-coord.

Fig. 5 Deformed position of key material
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