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A Study on the Development of a High Speed Feeding Type
Three-Dimensional Bending Machine

Sang Heon Lim" and Choon Man Lee’

ABSTRACT

This study has been focused on the development of a high speed feeding type three-dimensional bending
machine. It is designed for manufacture of copper pipe for heat exchangers. For the purpose of design of the
machine, analysis of bending process, structural analysis and reliability evaluation of the machine by a laser
interferometer are carried out. The analysis is carried out by FEM simulation using commercial softwares,
DEFORM, MARC and CATIA V5. In addition, the machine has attained high accuracy and repeatability. In
order to improve the accuracy of this machine, the maximum speed, positioning accuracy and repeatability of
feed are measured by the laser interferometer. The final results of analysis are applied to the design of a high
speed feeding type three-dimensional bending machine and the machine is successfully developed.

Key Words : Three-Dimensional Bending Machine (321 19 7]), FEM (Finite Element Method : §% 8.4 %),
Performance and Reliability Evaluation (%4134 H7})
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Fig. 5 Result of X-load in bending process
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Fig. 6 Result of Y-load in bending process

Title : DEFORM SIMULATION
Oatabase : bending]. 06

Supaoi2n
Th Jun 26 13:24:14 2063

OPERATION 1 Step 4 Sirass { Effectve) (MPR)

Fig. 7 Result of effective stress at initial

bending process

94

U ol @S ALTEIA AN AN
it oag«mmnou ™ R W‘M"ﬁrﬂﬁ;ﬁu: m;?:zmﬂu‘inﬂlmnou .. m;::g
widn. *WNMMI ________ OPERATION 1 Step 25 sxm-(Em;\_w_.y {WPa)
3
o
g -
Z
Y
o
-
el
: S oue 2
. 3 PR ™ LA & DO000EM
L e R R A aaan T SNE TR e, O S808EQ
200" L4 oz W ' FFA j?
™ fima 509 =

Fig. 8 Result of effective stress at final bending
process
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Fig. 11 FEM simulation vs. experimental result for
analysis of spring back effect (4.7 mm, 90°)
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Table 3 Result of spring back angle on bending
angle and pipe diameter

Diameter of, Bending .
. S k °
pipe [mn] | angle [°] pring back angle [°]
FEM 8.4
%0 Experiment 5.78
n .
127 perime
FEM 5.71
180 -
Experiment 7.87
FEM 1.46
90 -
49 Experiment 22
' FEM 2.08
180 -
Experiment 3.03
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Table 4 Result of static analysis

Bending machine | Maximum | Maximum | gafery
displacement|  stress

total length [mm] [mm] [MPa) factor

3730 0.107 6.49 30.97

Table 5 Results of dynamic analysis

Mode Frequency Mode Frequency
number [Hz] number [Hz]
1 6.1479e+001 6 1.2676e+002
2 7.6257e+001 7 1.6405e+002
3 7.9358e+001 8 2.0363e+002
4 8.6449¢+001 9 2.7892¢+002
5 1.1528e+002 10 3.4948¢+002
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Fig. 15 Prototype of the high speed feeding type three
dimensional bending machine
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Fig. 18 Result of developed machine's feeding speed
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Table 6 Results of shape measurement
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