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A study on the process for precision forming by 3-dimension bending machine

H. J. Kim(Mecha. Design & Manuf. Eng. Dept. CNU), S. H. Lim(Mecha. Design & Manuf. Eng. Dept. CNU), C
M. Lee(Mecha. Design & Manuf. Eng. Dept. CNU)

ABSTRACT

The purpose of this study is to investigate the bending process for manufacturing of sound pipe by 3 dimension bending

machine. The arbitrarily-bended pipe is widely used in a heat exchanger system. The pipe should be formed precisely for

assembling of heat changer. And, spring back effect and variation of the pipe thickness should be controlled effectively. We

described the change of spring back amount and thickness variation of the pipe according to the change of bending radius and

bending angle by FEM analysis. The analysis is adopted the elasic-plastic analysis and contact analysis on MARC software.
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Fig. 2 Dies for pipe bending

1898

Fig.
chol ¥
39 1
SE S FIEE
tolgh 84 thol
d FHEg e 7 a
A gera 71E S ‘}01 Al(rigid body) £
Helstoich. BAe wAgNdel s
L ol Al(mesh)E EFQATh tholg BA) A}
Fol 71AA AFol ojFoiAn
o Hl?‘fﬂ ddiden FHo] &
2 w2}t B By de A
-]ﬁio] olo.]mé— P 015§

E=E) o S U:}E Etﬂal

\_1:' 2 97—
E2EY 2 Hmode)d] 7t

=

o

o]
245

w

-

g
-l

°

2
o N rr o
o o o b

ok
2,

a
jo
o 8

o
2
£

&

%
o
[
al

[
o
R
oxl

Ko
2,

ol
A

Bending die

Copper pipe

Rotating die

v

=

Fig. 3 Finite element model of pipe bending unit and
workpiece
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Fig. 4 True stress-strain curve of phosphorus deoxidized
copper for analysis
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Table 1 Spring back angle at bending angle 90° and
180°

Bendingradius| Bending angle Spnng back angle
(mm) O ®
90 5.44
@ 180 8.37
a0 6.07
0 180 10.43

Table 2 Variation of pipe thickness according to bending
angle and bending radius

Bending angle Bending radius(mm)
© 2 40
Intade | QOutside | Intsde [ Outside
90 0.1322 | -0.0792 | 0.0634 | -0.0518
100 0.1334 | -0.0802 | 0.0633 | -D.0513
110 0.1337 | -0.0807 | 0.0631 | -0.0514
128 0.1336 | -0.081 | 0.0631 | -0.0514
130 0.1335 | -0.0812 | 0.068 | -B.0514
140 0.1333 | -0.0812 1 0.0629 | -0.0514
150 0.1328 | -0.0813 1 0.0629 | -0.0514
160 0.1327 | -0.0814{ 0.0628 | -0.0514
170 0.1327 { -0.0813 1 0.0629 { -0.0514
180 0.1325 | -0.0814 | 0.0628 { -0.0515
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(a) Before release die

(c) Thickness of pipe (d) Result of bending test

Fig. 6 Results of pipe bending when rotate bending dic to
96° (bending radius :

40mm)

(a) Before release die
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(c) Thickness of pipe (d) Result of bending test

Fig. 7 Results of pipe bending when rotate bending die to
190° (bending radius : 40mm)
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