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Abstract

In this second part of the paper, the automatic mesh generation and remeshing algorithm using
bubble packing method is applied to the nonlinear problem. The remeshing/refinement procedure is
necessary in the large deformation process especially because the mesh distortion deteriorates the
convergence and accuracy. To perform the nonliear analysis, the transfer of state variables such as
displacement and strain is added to the algorithm of Part [. The equilibrium equation based on total
Lagrangian formulation and elasto-viscoplastic model is used. For the numerical experiment, the
upsetting process including the contact constraint condition is analyzed by two refinement criteria. And
from the result, it is addressed that the present algorithm can generate the refined meshes easily at the
largely deformed area with high error.
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Fig. 2 Boundary and loading conditions of
upsetting problem

3t A8 &9 7 AE(e)E AHE3HY
AE o &35 Fig. 29 AH&3 =xnd 3
A : < Hola Stk

hok Folxl WEEAL M FHERAS
TEaA] @ow FFEHEdied °FFTH)S
o8 Fol& e ALY ¢4 7Y M
E37] 4mm, 2mm, ImmE AE3te] ZAE A
sl =dl, 21 34 Fig 39, AHFe 8 44E
Table 1o YEPURRATE Az 748 13A
%& o] Mesh-1~39] ¥ A % Fig. 49 T A
sged Eo] #AVE MYEFF a2t My
ol HA Asixct. 53 Meshli%f’ﬂ {437
7t & ZA%E Fig 29 BAH F2e ARE
ol % E3 g ded £ Joenz WHyol
FdHoR BystA gk ohA TEA 279
F AAEREE B33 A4S Ze AARAS
WEA 7] 7] ofj ) °]'H 6F7] Hal Liu"y=
2bs =E Az 2g &
At Mesh-2,35 % B Hl 13 AatE Abgetd
AAA R My 4nw F
?l A7 A & t}.
= A AT AR 94 =AE Aol
w2} A Mesh-1< A} 5
ol AL F (e = 8%, a=1 F i = 8%,
g=1.5)% &3ty Azl AF4E FPa3
HEAAY T 7 71E e 7z 39le) A4
S FyPed, o W 2 =¥ 2?2}91 o
Bro QAFE Table 2] A% A A
A% a9 awe] AR E 7}7—} Fig. 5%
Fig. 6ol YEIUTH FE5Hos a7t & 3§

r
O

=) ﬂzi o



1930 Fed-ds 2
Table 2 Numbers of nodes and elements of adaptive
refinement in upsetting problem
(Mesh-rN1-N2)-(N3), NI & 7
N2 : ¢ , N3 : remeshing order )
B 84 F
Mesh-r8-1-1 137 237
Mesh-r8-1-2 195 340
i Mesh-r8-1-3 267 467
Mesh-r8-1.5-1 165 291
) Mesh-r8-1.5-2 416 770
(a) Mesh-1 (b) Mesh-2 (c) Mesh-3 Mesh-r8-1.5-3 561 1029
(size=4mm) (size=2mm) (size=1mm)

Fig. 3 Meshes generated by uniform refinement in
upsetting problem

Table 1 Numbers of nodes and elements of uni-
form refinement in upsetting problem

Mesh-1 Mesh-2 Mesh-3
A 65 221 813
[iT 100 384 1512

(a) lst remeshing(1.95% reduction)
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(c) 3rd remeshing(47.27% reduction)

Fig. 5 Finite eclement meshes before and after

remeshing( 77... = 8% ., ¢g=1);

(c-1) 50.78% (c-2) 84.02%

Left:Before remeshing, Middle:error distri-
Fig. 4 Deformed shapes of uniform meshes bution, Right:After remeshing
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(c) 3rd remeshing(62.44% reduction)

Fig. 6 Finite element meshes before and after
remeshing( 7. =8% , ¢= 1.5)
Left:Before remeshing, Middle:error distri-
bution, Right:After remeshing
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Fig. 7 L, norm in strain error vs. height reduction
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Fig. 8 Required force vs. height reduction
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