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1-Introduction

Due to their high strength-to-weight ratio, tube parts are
widely used in important industries, such as aircraft,
automobile, oil, and gas manufacturing. Today, among the
types of bending methods, rotary draw bending is known
as the most common and controlled tube-bending method.
This research aims to provide a method that can minimize
one of the tube-forming defects, which is the amount of
springback. One of the achievements of this research is
that a new method of rotary draw bending with a variable
curvature bending die is presented. Unlike conventional
methods that bend hollow tubes with a round cross-section
with a fixed radius, in this method, to achieve the
minimum bending radius, the tube is gradually changed
from a large radius to a small radius. One of the advantages
of using a die with a variable radius compared to a fixed
radius is making it possible to reduce the bending ratio to
improve the amount of springback. However,
simultaneously, it prevented the tube from tearing and
wrinkling.

2- Simulation

In this research, in order to investigate the bending
mechanism, the rotary draw bending process of the tube
was modeled by the ABAQUS software. The tube
geometry is modeled as three-dimensional and shell
deformable (S4R), and the die components are modeled as
a discrete rigid (R3D4) in the software. The workpiece is
assumed to be elastoplastic with isotropic strain hardening.
In order to obtain the optimal mesh size, strain
convergence was used in the outer curvature of the bent
tube and finally, after checking the results, the value of
0.001 m was chosen for the mesh size of the tube and the
value of 0.006 m was chosen for the mesh size of the dies.

3- Experiment

In order to conduct experimental tests, an aluminum 6063
tube with an external diameter of 25 mm and a wall
thickness of 1.8 mm was used. In the fixed radius bending
method, two bending dies were used. In this research, to

determine the curve of the bending die with a variable
radius, an involute curve was considered as the equation of
the geometric location of the variable curvature of the
bending die, and the amount of changes in the selected
bend was calculated based on an involute curve. The
curvature of the bending die based on the involute curve is
shown in Figure 1.
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Fig. 1. (a) Position of minimum radius bending; (b) Bending
range with fixed radius (R=1D) and variable radius

4- Results and Discussion
In the experimental tests of rotary draw bending, after
bending, the elastically deformed part tends to return to its
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original state, which leads to a decrease in 6 and  5- Conclusion

springback. External tension and internal pressure in the  The results of this research are summarized as follows:
longitudinal direction of the bent tube are the major parts ~ 1- The springback angle in the lack of internal fluid

of the tube's deformation. There are also major changes pressure was measured in the ratio of bend radius to

that lead to springbacks. The radius of the curvature of the diameter 1, 1.6, and variable bend radius 1.56, 2.08,

bend after springback is obtained from relations 1-3. and 1.83 degrees, respectively.

Figure 2 shows the changes of the equivalent strain in  2- The results showed that reducing the bending ratio has

terms of the bend radius in the case of no internal fluid a significant effect on the springback of the tube.

pressure. 3- Increasing the pressure from 0 MPa to 3.8 MPa does not
R'= R have a significant effect on the springback.
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Figure 2. Equivalent strain values in different bend ratios in
the state without fluid internal pressure, a) R=1D, b)
R=1.6D, c) variable bend radius
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Experimental Investigation and Numerical Simulation of Bending Parameters on the Spring Back of
the Tube in the Rotational Bending Process

Majid Elyasi Farzad Ahmadi Khatir Vahid Modanloo Hossein Talebi Ghadikolaee

Abstract Tube bending with a critical bending ratio necessitates the exploration of new bending methods. This
research introduces a novel approach to rotational bending using a variable curvature bending die. Unlike
conventional techniques that employ fixed-radius bending for hollow tubes with a round cross-section, this method
gradually transitions the shape from a large radius to a small radius. To determine the curvature of the bending die, we
employ an involute curve as the geometric equation governing the variable curvature of the bending die. With the
advancement of tube hydroforming, pressurized fluid is employed instead of a mandrel in the rotational bending
process. To investigate this, a thin-walled aluminum tube composed of 6063 alloys (with a D/t ratio of 13/88) is
prepared and subjected to rotational tensile bending at critical bending radius ratios of D1, D1.6, and variable
curvature, all at a 90-degree angle. Both simulation and experimental tests are utilized to analyze the impact of internal
fluid pressure and bending die curvature on tube springback. The results demonstrate that, under constant pressure
conditions, the use of a variable-radius bending die results in reduced springback compared to a fixed-radius bending
die. Furthermore, the effect of internal pressure on the springback of the bent tube is found to be negligible.

Key Words Bending, Variable radius die, Fluid hydroforming pressure, Tube spring back.
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