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3-D Analysis of Hot Forging Processes using
the Mesh Compression Method

J. T. Hong, D. Y. Yang and S. L. Lee

Abstract

In the finite element analysis of metal forming processes using general Lagrangian formulation, element
nodes in the mesh move and elements are distorted as the material is deformed. The excessive
degeneracy of mesh interrupts finite element analysis and thus increases the error of plastic deformation
energy. In this study, a remeshing scheme using so-called mesh compression method is proposed to
effectively analyze the flash which is generated usually in hot forging processes. In order to verify the
effectiveness of the method, several examples are tested in two-dimensional and three-dimensional
problems.
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Fig. 2 Description of boundary geometry

222 ARITN U YAYUE
Al Sgel ofd) ol s WY

jind ,\w
T =2
- o
=2

)
~

Hy
o o
nd oo R opd|»

ol
ol
£
2
PN
o
ol
o,
fu:
:Lj
@
&
<
o
M
)
s
£
>
—z
S
2
Hir
flo

where min { (x5 — 2)° + (y5— ¥)°)
Zp=Rp (1)

where min{ (x,—x)%+ (v, — v)%}
1M, 2 p 2 = FAATT oRAEARA A
ool AMe zATOlI x 4 x Y Ve FEAW
3 olggAE Qe ool

v AAY uEel sdv gl x, yaEelth & 4

EaS
staztehs Ao xyydRde]

qxel zEoln, 2 = olAAEE HH F W

sk @Al BRG] At Y ke 4
o LS ofv)ach
o Mze 3%

Qe AW 5 Al Ui 23S
= H
[=]

g Tk Wl



(z,—2,):(z—24)
exp): (Z’ —Z b) (2)

(Z_Zb)>< (Zt——zb_ Lexp)

=(z,—z,—L

Z=z,+

Zp
= AR olABARY Azlolm, SIAA WO Loy,

i
L2
[
ol
31_, X
r2
=~
o,
)
L
i
N

|
N
k)

A e Ayl e z#3E 2

Lew
top-base

(a )Mesh Generation (b) Mesh Compression

in the extended geometry

Fig. 3 Mesh Compression
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Fig. 4 2-D Remeshing Example 1
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Fig. 5 2-D Remeshing Example 2
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(a) 3-D Axisymmetric Model
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(b) Enpanded Surface Patch (c) Master Grid

Fig. 6 Design 3-D Remeshing example
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(e) Compress mesh

Fig. 7 Remeshing with mesh compression method
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Table 1 C and m values describing the flow stress

——m
relation (0= C ¢ )

Strain
rate |strain| 980T 1090°C 1205C

range

025 |337| 0004 | 162 | 0075 | 93 | 0077
3.5-30 | 0.50 |41.4]-0032| 17.2 | 0080 | 96 | 0.094
0.70 |416|-0032| 175 | 0.082 | 88 | 0.105
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Fig. 8 Die and initial material of a Cross-Shaft

(a) initial material

{c) 15.58mm/38mm (d) 24.32mm/38mm

(e) 26.6mm/38mm

(f) 32.3mm/38mm

Fig. 9 Rigid-plastic FEM of a Cross-Shaft
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Fig. 10 Remeshing with mesh compression method at
the stroke of 36.1/38mm

(a) FEM using mesh compression (b) FEM using fine mesh

Fig. 11 Rigid-plastic FEM using mesh compression and
fine mesh
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Table 2 Comparison of the number of iterations

stroke mesh comp. fine mesh
36.48mm 16 16
36.86mm 12 13
37.24mm 8 14
37.62mm 12 13
38mm 9 8

Table 3 Comparison of the computation time

stroke mesh comp. fine mesh
073.8mm 2000 sec
7.6mm 2057.1 sec
11.4mm 21226 sec
15.2mm 21354 sec
19mm 1840.5 sec
22.8mm 1479.3 sec
26.6mm 1817.8 sec
30.4mm 2544.7 sec
34.2mm 2670.8 sec
36.1lmm 20094 sec
37.24mm 1403.2 sec 2220 sec
38mm 9355 sec 1480 sec
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