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1- Introduction

Tube parts are widely used in important industries, such as
aircraft, automobile, oil, and gas manufacturing, due to
their high strength-to-weight ratio. Today, among the
types of bending methods, rotary draw bending is known
as the most common and controlled tube bending method.
This research aimed to provide a method to minimize the
amount of springback, as one of the tube-forming defects.
One of the achievements of this study is a new method of
rotary draw bending with a variable curvature bending die.
Unlike conventional techniques 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 the possibility of reducing
the bending ratio to improve the amount of springback.
However, simultaneously, this method 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 in the ABAQUS software. The tube
geometry was modeled as three-dimensional and shell
deformable (S4R), and the die components were modeled
as a discrete rigid (R3D4) in the software. The workpiece
was 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 the experiments, 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. To determine the

curve of the bending die with a variable radius, an involute
curve was considered the geometric location equation 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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Figure 1. (a) Position of the minimum radius bending and
(b) bending range with fixed radius (R=1D) and variable
radius

4- Results and Discussion
In the tests of rotary draw bending, after bending, the
elastically deformed part tends to return to its original
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state, which leads to a decrease in 6 and springback.
External tension and internal pressure in the longitudinal
direction of the bent tube are a major part of the tube's
deformation. There are also major changes that lead to
springbacks. The radius of the curvature of the bend after
the springback is obtained from relations 1-3. Figure 2
shows the changes of the equivalent strain in terms of the

bend radius in the case of no internal fluid pressure.

R= R
- 1 n—1
{——W)B &
AOB=0-0 @)
K
AG=0-—- (3)

FEEQ

()

PEEQ

+2.5600-02
~ 40.000¢+00

(b)

FEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)

©

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

5- Conclusion
The results of this research are summarized as follows:
1- The angle of the springback in the state without internal

fluid pressure was measured in the ratio of bend radius
to diameter 1, 1.6, and variable bend radius 1.56, 2.08,
and 1.83 degrees.

2- The results showed that reducing the bending ratio had

a significant effect on the springback of the tube.

3- Increasing the pressure from 0 MPa to 3.8 MPa did not

affect the springback significantly.
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Optimization of Hardening Heat treatment of Oil Extraction Machine’s Cylinder Made of Stainless
Steel

Farzad Ahmadi Khatir Mohammad Hossein Sadeghi Parisa Fallahi

Abstract Hardening heat treatment is one of the most important processes used in manufacturing the oil extraction
machine’s cylinder. During heating operations, thermal stresses are created. This would lead to internal defects because
of screw pressure and finally cause failure and decreases in machine life time. In this paper, different heating heat
treatment cycles for an oil extraction machine’s cylinder made of stainless steel AISI420 were investigated by
experimental and numerical methods. Since the residual stress is the main factor that affects the failure in the cylinder,
the cycle with minimum stress is chosen as an optimum condition. The accuracy of the results of the simulation process
is evaluated by providing experimental samples. Also, different heat treatment cycles were designed by the TAGUCHI
method. Then, tensile test specimens were prepared from experimental samples, and their mechanical properties were
compared. Finally, preheating at 790 °C for 30 minutes, the second stage preheating at 900 °C for 30 minutes, the
Austenitic process at 1056 °C for 30 minutes, Quenching in oil at 80 °C for 10 minutes, the first stage tempering process
at 370 °C for 90 minutes and the second stage tempering process at 370 °C for 90 minutes was considered as the best
condition for hardening heat treatment cycles.

Key Words Heat treatment, Stainless steel AlIS1420, DEFORM, Oil extraction machine.
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