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FEM Analysis of Void Closure Behavior during
Open Die Forging of Rectangular Billets

M. S. Chun, J. S. Ryu and Y. H. Moon

Abstract
Finite element analysis of open die forging process to make rectangular billet has been performed in this study. Three

dimensional rigid-plastic finite element method was used to analyze the effects of process variables, forging pass design

and die configurations on the void closure phenomena to maximize the internal deformation for better structural
homogeneity and center-line consolidation of the rectangular billet. The effect of anvil width ratio, anvil pitch, anvil shape
and number of pass has been estimated by the degree of void closure ratio. Although it is difficult to optimize process

parameters in the operational environments, favourable process conditions are suggested for better product quality.

Key Words . Finite Element Method, Open Die Forging, Rectangular Billet, Void Closure Ratio

1.M B

A7

ol A

o] AlAH

Z(hot open die forging process)+>
v A gedgde] AEFS UG o
o]-g3ted AANX Az FTH

24 EAdeiv AEAY Y 2EHF, BRI
A7l BIAE, A7) Fo] FE oy

s wEol WY ALAFHEE ¢

¢

rr

=]

—

p

ox

o ol

o oy

o
B

;nﬁ

N d oy
f X2 o

oxl R

e
iy
=

Wz

o

[R A RN
o

[H &
HU\

, 2004¢&

fo

148 /82247 BEH X|/H 132 H 2

A Hed, B Sdd dnna
HEgetE AAsted 2 24U
W] Telavk Wase A
die)e] 2.9,

A 2

oflt ' ofh
M 2 e

(
\Y%

anvil,

He) A =3

H

B3 ot ol to N of

QIR AR g
FH4e AR AFHoR U

5oz AzxdHed HF A

o o

=



A2 08 Az

o

g dEl dxggs dez A2 F

2= (rigid-plastic finite element method)& ©]-&
o BYxA, d2x L BRI g
717 GAAFE BARA B,

s
ko

2. AZH 48 XRHE 3P

Abzb 8] AfaE EAEE Fig 19 YER
urr d=H @#F% 2L 247X (manipulator) S
o]-g3te] WA AXNE A1 = ”0} 2
om—skoi 3 de)A gt 33
S 2435 33 & o83t wtExoz gz

}04 HE AFS AALE

> m
o,
£

Fig. 1 Open die forging of rectangular billet
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Table 1 Materials properties for SKD61

Thermal conductivity 24.3~24.7 W/mk

Heat capacity 3.588 N/mm? °C
Thermal transfer coefficient 0.004 N/sec-mm°C
Shear friction coefficient 0.3
Temperature 1000 °C
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Fig. 2 Schematic drawing of simulative void for the
analyses

Table 2 Test conditions

Number Number
Size of billet Shape of void
of void of pass
12*60 (cylin-
200~780mm 1 1~2
der type)
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Fig. 3 Initial mesh of rectangular billet for
530 x530mm
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Fig. 4 Schematic drawing of anvil
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Fig. 5 The dimensional variation of void after 15% red
-uction for (a) 300x300mm and (b) 530x530mm
rectangular billets
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Fig. 6 The veid closure ratio with reduction at various
billet sizes
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Fig. 8 The void closure ratio after second pass

reduction at various first pass reduction
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Fig. 9 Pass series for the forging of rectangular billet
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Table 3 Test conditions
Size of Shape | Reduction
Pitch Width
billet of void | per pass
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Fig. 10 The void closure ratio at various anvil pitches
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Table 4 Test conditions

Corner
Size of |Reduction| Shape Inclination
Roundness
billet per pass | Of void angle(a)
Re)
12%60
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Fig. 11 The void closure ratio at various corner radii
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Fig. 12 The forging load at various corner radii
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Fig. 13 The void closure ratio at various inclination

angles
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Fig. 14 The forgine load at various inclination angles
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