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Analytic Factor Effects Analysis of Bending Process of Double
Pipe for Tube-Hydroforming using Experimental Design

D. S. Shim, C.G. Jung, D. Y. Seong, D. Y. Yang, S. H Park, K. H. Kim, H. H. Choi

Abstract

This paper covers finite element simulations to evaluate the bending limit of double pipe for tube-hydroforming. The
tube-hydroforming process starts with a straight precut tube. The tube is often prebent in a rotary draw bending machine
to fit the hydroforming tool. During the bending the tube undergoes significant deformation. So forming defects such as
wrinkling, thinning and flattening are generated in the tube. Consequently we analyzed the effect of process parameters in
rotary draw bending process and searched the optimized combination of process parameters to minimize the forming
defects using orthogonal arrays. The characteristic to evaluate the effects of the process parameters is the bending angle
which wrinkling is generated, we define the bending angle at that time as bending limit. Of many process parameters, the
process parameters of the bending process such as gab between inner and outer tube, boosting force, dimensions of
mandrel were analyzed. And we observed the deformation modes of bent double pipe at specific bending angle in each

parameter combination.

Key Words : tube-hydroforming, rotary draw bending, double pipe, wrinkling, orthogonal array
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Fig. 3 Finite elements simulation model
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Table 1 Level of process parameters

Parameter Level 1 Level 2 Level 3
D (mm) 10 15 20
Mb(mm) 5 25 0
Boosting(ton) 2 2.5 3
Gab(mm) 0.1 0.3 0.5
WF =34 BF = 1.8

Table 2 Ly(3*) orthogonal array

Sim. D, Mb Boosting Gab
No. (mm) {mm) (ton) (mm)
S1 10 5 2 0.1
S2 10 2.5 2.5 0.3
S3 10 0 3 0.5
S4 15 5 3 0.3
S5 15 2.5 2 0.5
S6 15 0 25 0.1
S7 20 5 25 0.5
S8 20 2.5 3 0.1
S9 20 0 2 0.3
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Table 3 characteristic values

Thickness | Thickness
reduction | reduction

Sim. Limit Limit
No. angle angle
(inner) | (outer) | rate(inner) | rate{outer)

S1 9.00° 24.0° 16.2% 37.0%

32 9.00° 28.5° 12.6% 21.1%

S3 9.00° 24.0° 25.0% 40.0%

S4 13.5° 25.5° 13.3% 28.1%

S5 6.05° 40.5° 29.9% 41.1%

36 16.5° 42.0° 25.6% 36.6%

57 12.0° 34.5° 26.4% 39.3%

S8 18.0° 18.0° 45.6% 48.9%

S9 18.0° 30.0° 50.2% 40.9%

Bending Angle (Degree)

123 123 123 123
D Mb Gab Boosting

3

Fig.5 SN ratio of parameter levels
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Fig. 6 Simulated result
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Table 4 Improvement through experimental design

Parameter Limit angle Limit angle
(outer tube) (inner tube)
before 13.5° 25.5°
after 16.5° 42.0°
Improvement 22% 64.7%
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