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 Nowadays thin-walled tube rotary draw bending in small bending ratio is a production process widely 
used in advanced industries such as aerospace and automotive. Cross section ovality, wall thickness 
changing during tube bending are the main inevitable defects in this process. The purpose of this 
research is to obtain the smallest bending ratio and maximum pressure applicable in hydro-rotary draw 
bending of thin-walled aluminum alloy 8112 tube using failure criterion. For this purpose, the 
equivalent plastic strain at the critical extrados region is used for necking prediction. Concluded results 
showed that this failure criterion by a maximum difference of 12.5% from experimental tests, is a useful 
method for predicting the necking onset in the bending process. Moreover, the effects of bending ratio 
and internal pressure on the defects such as cross section ovality and changes in thickness are 
investigated with simulation in the ABAQUS software and experimental methods. The maximum 
ovality is not located at the mid-cross section of bent tube unexpectedly and regardless of the internal 
pressure and bending ratio, occurs at the cross-section with an angle of approximately =33°. The 
minimum achievable amounts of ovality at R/D1.6, R/D1.8 and R/D2 were 11.42%, 7.72% and 4.35% 
respectively. Furthermore, bending ratio and internal pressure had noticeable effects on the cross section 
of the bent tubes, so that as the bending ratio or pressure increased, cross-section ovality and the 
thickening of the tube wall at the intrados decreased, but contrary to bending ratio, as the internal 
pressure increased, extrados thinning increased. 
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Fig. 1 Parameters of rotary draw bending used in this research 
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Fig. 2 3D FE model for the Hydro-rotary draw bending after 
mirroring against XY Plane 
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Fig. 3 PEEQ for necked element and its neighbor non necked 
element in the case R/D1.8 ant 2MPa internal fluid pressure 
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Fig. 4 Hydraulic power supply unit used in experiments (power pack). 
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Fig. 5 Dies and sealed tube, a) before bending, b) after bending 
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Fig. 6 True stress- strain curve for AA 8112 
6 - 8112 

  
1  

Table 1 Tube Elements wt% from emission spectrometry. 
 Zn Mg Mn Cu Fe Si 
 0.37 0.11 0.09 0.26 1.21 0.37 
 Bi Na V Sn Pb Ca 

 0.003<  0.007 0.002< 0.02 0.002 
 Ga B Zr Ti Ni Cr 

 0.01 0.0011 0.009 0.011 0.04 0.07 

2 . 
Table 2 Mechanical properties of AA 8112 tube. 

n k (MPa) 
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0.0939 123.543 2670 0.33 76.604 
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Fig.  7 Effect of internal pressure on the outer diameter of tube at the 
mid-cross section with R/D1.8 
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Fig. 8 Flattening phenomenon at the extrados in the bending without 
internal pressure at R/D1.8 
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a                               b                             c  
Fig. 9 A-A cross section of tube from experiments and FEM. a) without 
internal pressure, b) 1MPa, c) 1.5MPa 
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Fig. 10 Maximum and minimum wall thickness variation according to 
internal pressure at mid-cross section and R/D=1.8 
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Fig. 11 Bent tubes in various pressures 
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Fig. 12 PEEQ curves in different times of process according to distance 
along the path through extrados at 2MPa internal pressure and R/D1.8 
condition 
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Fig. 13 Internal pressures tested in each bending ratios and predicting 
failure using failure criterion 
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Fig. 14 Decrease of longitude strain at the extrados by increasing the 
bending ratio 
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Fig. 15 Wrinkling in the tube which bent at R/D1.5 and 1MPa internal 
pressure condition 
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Fig. 16 Ovality of cross sections according to their angular position 
along bending direction. a) 1MPa internal pressure, b) 1.5MPa internal 
pressure. 
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Fig. 17 Effect of internal pressure on the critical cross sections ovality 
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Fig. 18 Effects of internal fluid pressure on the hoop thickness 
distribution at mid-cross section with R/D1.8 
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Fig. 19 Effects of internal fluid pressure on the hoop thickness 
distribution in A-A cross-section at =33  and R/D2 
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d c 
Fig. 20 a) Thickness strain, b) Longitude strain, c) Hoop strain distribution at mid-cross section with R/D1.8, along the determined path shown in 
d) 

20  (  (  ( 1.8 (
 

  

    
23  

  
   

  .  
 

   
 

 )   .  (
   .

 
   

 
    

    
23 21

    . 
  
  22 

 . 1.8 1.7 
  2 

 20.38  %12.12 %  
 1.6 

  2 2.4 
 23.3 %15.4%  

  

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0 5 10 15 20 25 30 35

Lo
ng

itu
de

 st
ra

in

Distance along path (mm)

Without Pressure
1MPa
1.5MPa
1.7MPa

Intrados Extrados

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 5 10 15 20 25 30 35

Th
ic

kn
es

s s
tr

ai
n

Distance along path (mm)

Without pressure
1MPa
1.5MPa
1.7MPa

Intrados Extrados

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0 5 10 15 20 25 30 35

Ho
op

 st
ra

in

Distance along path (mm)

Without pressure
1MPa
1.5MPa
1.7MPa

Intrados
Extrados

point A

point B

Point Point B

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

       8112                

1395165  133  

 

-a 

 

-b 
Fig. 21 thickness distribution along intrados and extrados paths under 
1.5MPa internal pressure condition 
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Fig. 22 strain Distribution along hoop direction at the mid-cross section 
with 1MPa internal pressure 
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Fig. 23 Maximum wall thinning, thickening and ovality at all bending 
ratios and internal pressures 
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