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 Nowadays, thin-walled tube bending (D/t 20, D-tube diameter and t-tube thickness) in the critical bend 
ratio (R/D 2, R bend radius) is a widely used manufacturing process in the aerospace industry, 
automotive, and other industries. During tube bending, considerable cross-sectional distortion and 
thickness variation occurs. The thickness increases at the intrados and reduces at the extrados. Also, in 
some cases, when the bend die radius is small, wrinkling occurs at the intrados.  In industry, the mandrel 
is used to eliminate wrinkling and reduce cross-sectional distortion, the choice of the mandrel depends 
on tube material, bending angle, radius tube and bending radius. However, in the case of a close bend 
die radius, using the mandrel is avoided. Because in addition to the cost of the process, with the mandrel 
the thinning of the wall increases at the extrados and this is undesirable in the manufacturing operation. 
So, in the present study, with regard to development of tube hydroforming, internal fluid pressure is 
used instead of the mandrel. Therefore, the purpose of the feasibility study, observation and analysis of 
the formation of tube bending process, the tube rotary draw bending process with two of the mandrels 
and the internal fluid pressure is simulated by software ABAQUS. 
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Fig. 1 The main components of rotary draw bending die [2] 
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Fig. 2 Multiple defects or instabilities in tube bending [3] 
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Table1 Experimental conditions for Al-5052O tube bending with 
50×1×1000 by Lee et al [14] 
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5 Hill yield function 
6 Dynamic Explicit 
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Fig. 3 Geometry of die components and tube simulation in software 
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Fig. 4 Assembly dies components and tube in simulation 
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Table2 Mechanical properties of the tube materials [14] 
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Table3 Friction conditions at various contact interfaces [14] 
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Fig. 5 How to connect the mandrel and balls [14] 
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Fig. 6 Tube critical areas in rotary draw bending process [1] 
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4 [15]  
Table4 Diverse bending tolerances with respect to the three major defects [15] 

) MPa(  (%)  (%)  (%)  

3.5 
 2 30 10 

 2 30 5 

3.5 
 2 25 5 

 0 25 3 

 

 
Fig. 7 Comparison of simulation results with experimental results Li et 
al, a-extrados thinning, b- cross-section. 
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Fig. 8 How the formation of the tube (100×1×50 mm) in the tube rotary 
draw bending process with mandrel, a) complete model, b) sectioned 
model in X-Y plane 
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Fig. 9 Equivalent plastic strain changes in bend ratio a)2, b)1.75, c)1.5, 
d)1.25 and e)1 
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Fig. 10 Cross-section distortion percentage change in different bend 
ratios 

10  
  

90   .
.  

"11" 
  .

 .2 1

11.989 17.017 
25.7 47.937  .

 "11" 
1.51.25 1 SAE   

 .

 .
 

-3-4 
  

 

 
 .

 .
) 

Al5052-O 50 1 
2 50 (

 .
"12"  .

  
 . 

1 
 ."13"  

 

 
Fig. 11 Relative changes of the tube wall thickness change in different 
bend ratios, a-intrados thickening, b-extrados thinning 
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Fig. 12 How the formation in without support of the tube, a- Cross-
section distortion, b- intrados wrinkling 
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Fig. 13 Shaped tubes bent under different pressure, a- 1 MPa, b- 2 MPa, 
c- 3 MPa 
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Fig. 14 Changes of strain in different pressure, a-longitudinal strain b-
annular strain 
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Fig. 15 Strain in a cross from the bend area, a-the upper half tube b-
bottom half tube 
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Fig. 16 The effect of internal pressure on the pipe diameter changes, a-
Dmin, b-Dmax 
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Fig. 17 The effect of internal pressure on the cross section distortion 
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Fig. 18 The effect of internal pressure on the tube wall thickness 

18  

 
0.073   

"19" 
 .1 3 

22.803 20.87 
 .0 3 

6.943 14.2  .
"19" 

 

  . .

 
  

 Al5052-O 100×1×50 
9.184 14.2 

 SAE 
 

 

 25.7 
14.2 44.75 

 . 
4.307 9.184 

 11.989 20.87 
 .

  

-3-3-4  

2 1.75  .
 1.51.25 1

32.1138.82 47.94   
  

 
Fig. 19 The effect of internal pressure on the tube wall thinning and 
thickening, a-intrados thickening, b-extrados thinning 
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Fig. 20 Equivalent plastic strain changes in Bend ratio a-2, b-1.75, c-
1.5, d-1.25 and e-1 
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