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KEYWORDS ABSTRACT

Tube forming In tube hydroforming, internal pressure is used to deform tube cross section. Internal
Hydroforming, pressure causes plastic deformation and conforming external surface of tube to die cavity.
Thickness distribution, Low-pressure tube hydroforming is one category of this process. The method of performing
Corner radius. low-pressure hydroforming of the tube is like to compressing a solid object, in which, unlike

high-pressure hydroforming, the upper mold is not fixed during the process and moves and
presses the tube at the same time as internal pressure is applied to the tube. In this paper,
firstly a low-pressure tube hydroforming machine have been designed and fabricated and
then, the low-pressure hydroforming process of aluminum tube is performed and the round
section of the tube is transformed into a rectangular cross section by the hydroforming
process. Also, the thickness distribution and the values of the radius of the formed corner
are investigated under three different loading paths. The results show that by increasing the
internal pressure, a smaller corner radius can be achieved but the thinning increases. Also,
the maximum flat surface of the upper part is obtained when the upper mold is displaced
after the internal pressure reaches its maximum value.

Extended Abstract

1. Introduction

ube hydroforming process is used for forming complicated parts in many industries including automative industry,

aerospace, military industry and home appliance industry. Although this process has been noticed in the industry since

recent decades, its experimental and theoretical developments date back to 1940. Gray et al. [1] published a paper
about producing T-shape copper tubular parts using internal pressure and axial feed in 1940. The use of hydrostatic pressure in
metal forming processes for tubular parts was first presented by Fuchs [2]. In 1999, Asnafi [3] analyzed the tube hydroforming
process analytically and obtained relations for the material deformation behavior during the process based on the material
properties, die shape and loading curve. Usually, high internal pressure is used in the hydroforming process to shape the pipe
and ensure the formation of the corners of the part. In high pressure tube hydroforming (HPTH), two halves of the die is closed
and forming is done by applying high pressure [4]. But in HPTH, there are problems such as the need for a high pressure supply
system and high force to keep the two halves of the die closed. In order to eliminate HPTH problems, a new process called low
pressure pipe hydroforming (LPTH) has been considered. In general, in this process, the internal pressure used for forming of
the tube is defined by the Tube and Pipe Fabricators Association as less than 83 MPa [5]. In LPTH, the tube is filled by low
pressure fluid while the upper die is movable and the dies are closed during the process [6]. Hashemi et al. [7] conducted a
research on the prediction of bursting in pipe hydroforming.
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2. Procedure

In this experimental study, circular cross section of an aluminum tube has been changed to rectangular form by applying
three different loading paths. One of the innovations of this experiment is to achieve the optimal loading path for changing the
tubular form of AA6063 aluminum alloy. One of the objectives of this experimental study is to investigate the outer and middle
profile, surface flatness, upper and lower corner radius, and appropriate thickness distribution of the formed part by applying
three different loading paths and finally achieving the optimal loading path.

The scheme of how to perform LPTH in this research is shown in two-dimensional form in Figure 1. In this process, the
lower die is fixed and the tube is placed inside it. The upper die is movable and by moving downwards, it changes the shape of
the tube. In order to prevent indentation in the upper wall of the tube and also to create corners with a smaller radius, internal
pressure is used. The ratio of changes in the internal pressure of the tube to the displacement of the upper die during process
will greatly affect the shape and quality of the final product.

upper die

end of the forming process start the forming process

Figure 1. The scheme of how to perform LPTH

Figure 2 shows all the components used in the die and Figure 3 shows the final view of the experimental setup.

=39,

| —
R = Pressure gauge
—

Relief valve

Figure 2. components of experimental LPTH setup

1 Fluid inlet

Lower die

Figure 3. final setup
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Three methods of applying load are considered for the forming of the part, which are mentioned below:
1- Apply pressing force and move the upper die by 10 mm without applying internal pressure
2- Applying internal pressure of 100 bar after applying pressing force and moving the upper die by 10 mm.

3- Touching the upper die with the tube and providing tangential force, then applying 100 bar internal pressure, applying
pressing force and moving the upper die by 10 mm.

The parts produced by all three loading curves are shown in Figure 4.

E 2N

g &

third type loading curv

Figure 4. Formed parts using different loading curves

first type loading curvé

3. Conclusios

The upper and lower corners of the part are important parameters in the production of the part. Also the optimal corners
are the corners with a smaller and sharper radius. As a result, the third type path of loading curve means applying the initial
internal pressure and then moving the upper die with an upper is suggested. One of the important parameters of the part
production is the profile of the uniform cross-section without dents. According to the profiles obtained in the experimental
method and comparing these three profiles, the internal pressure of 100 bar is the optimal pressure loading curve and the
uniform cross-sectional area profile is obtained.
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