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Numerical Analysis and Experimental Study of Free Bending of Small Bending Radius Pipe
Based on Additional Bending Moment
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[ABSTRACT] In order to reduce the overall weight of pipeline systems and increase available space, the application of
small bending radius pipes is becoming increasingly widespread. However, in free bending forming technology, forming
small bending radius pipes is more difficult. Based on ABAQUS finite element simulation, this paper establishes a finite
element model for the free bending forming of small bending radius pipes, analyzes the free bending forming process
of small bending radius pipes, and forms pipes with a relative bending radius less than 2 by adding additional bending
moments. The effectiveness of the finite element model is demonstrated through experiments. By means of finite element
simulation and free bending test verification, the corresponding relationship between the process parameters of the pipe for
free bending die forming and additional bending moment forming and its forming radius was obtained. The experimental
results show that, the minimum relative bending radius achieved by the bending die is 2.07. By increasing the additional
bending moment for forming, the minimum relative bending radius can be reduced to 1.75.
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Table 1 Material parameters

PERE A
PP L/ GPa 200
THA 0.285
/% 61.7
JeE 3 )% /G Pa 213
o S PR R 0.91
k%L 0.59
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Table 2 Parameter settings for finite element simulation

e Uffi/mm AfH/mm fiffi/rad | ZEEM/ (N + m)
1 4 23 0.3 6.91029
2 6 23 0.4 7.57667
3 8 23 0.6 8.44689
4 10 23 0.8 9.34027
5 13 23 1.1 9.79443
6 14 23 1.15 10.6938
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Fig.7 Relationship between curvature, offset and bending moment
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Table 3 Process parameters for adding cam

Ji's | UfE/mm | A {H/mm | fRff/rad = H{E/mm  MAE/(N + m)

1 10 39 0.52 0 15.7514

2 10 39 0.52 21 15.9537

3 10 39 0.52 21.5 16.3594

4 10 39 0.52 22 17.2782

(b) B LAl 5 10 39 0.52 225 18.0911

B 6 AR UETHEEMRENREMERPOHE 6 10 39 0.52 23 18.4414

Fig.6 Stress nephograms of formed pipes and the central axes of

7 10 39 0.52 233 18.6756

pipes under different U-values
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Fig.8 Stress nephograms of pipes and the central axes of pipes
under different process parameters
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Table 4 Processing parameters

G5 {ii i /rad U/mm A/mm
1 0.4 5 23
2 0.6 7 23
3 1 12 23
4 1.15 15 23
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