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Welded double sheet hydroforming of complex hollow component
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Abstract: A ‘bone-like’ hollow component with curved axis and complicated cross-sectional geometry was used as the object. The
experimental setup for the hollow component by welded double sheet hydroforming was designed and used for the forming of the
part. The formability influenced by blank shape and size, loading path combined by the clamping force and liquid pressure was
explored, then the reasonable process parameters avoiding defects were obtained. The results show that the reasonable blank shape
can not only save materials and reduce costs but also avoid fracture at the corner caused by the large expansion rate and wrinkle in
the transition zone of different cross sections. The loading path has a serious effect on the material flow in the pre-forming stage. The
complex hollow shell structure with curved axis and varied cross sections can be fabricated by double sheet hydroforming process
more easily and efficiently than traditional stamping and welding method. The process can also solve the problem of the limitation of

expansion rate by tube hydroforming for the structure with a large difference of cross sections.
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1 Introduction

Under the wurgent require of low energy
consumption and low emission, the structural
components which are used in the transportation,
aerospace and other industrial areas should meet the need
of the lightweight structure while facing high strength
and high stiffness [1]. These problems bring a higher
demand on hollow components with high strength and
lightweight materials [2,3]. For some hollow components
with a small batch, varied cross sections and complex
shape, the traditional forming method by stamping and
welding has serious difficulties, such as high cost, low
efficiency, more time and human resources used during
the die designing, manufacturing and trouble solving.

In recent years, the hydroforming technologies,
such as tube hydroforming and hydromechanical deep
drawing, have made a great breakthrough. The
theoretical results and engineering experiences of
hydroforming are rich and the technology has become a
good choice of manufacturing hollow components [4—6].
However, due to the limitation of material expansion rate,

there is a great difficulty on the forming of hollow
components with varied cross sections. So, the
formability and reliability of this kind of component
were restricted by the current methods [7-9].

Double sheet hydroforming is a new process of
sheet metal forming which was developed by German
based on the tube hydroforming and hydromechanical
deep drawing in the 1990s. This process is one of the
internal high pressure forming technologies, so it is also
known as a sheet internal high pressure forming [10—12].
This process overcomes the problem of excessive
thinning during tube hydroforming because of the large
varied cross sections, and it is possible to produce some
parts that have more complex cross sections [13—16].
Some researchers carried out more detailed studies on
this process, and their researches are related on the
deformation mechanism, seal method, the way of liquid
filling, forming process window, numerical simulation
and soon [17,18].

However, the current studies for some complex
parts were only some results by finite element analysis,
and the experimental results of complex parts with curved
axis and various cross sections were not mentioned in
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current studies. So, it focuses on a complex hollow
component with curved axis and varied cross sections in
this work. The feasibility of the welded double sheet
hydroforming process was explored and the influence on
part formability of process parameters, such as blank
shape and loading path was compared.

2 Process principle and characteristics

Welded double sheet hydroforming is a process that
the upper blank and lower blank with same shape are
welded together along peripheral edges before forming,
then the welded double blanks will be put into the upper
die and lower die. After this, high pressure liquid is filled
into the middle of the two blanks through a docking
system, and finally with the clamping force and the
internal liquid pressure, the upper and lower blanks
respectively fit to the upper die and lower die. By this
way, the hollow shell can be formed. Figure 1 shows this
forming procedure.

This process is a soft punch forming technology by
using liquid instead of rigid punch, and it has a lot of
advantages such as good flexibility, both drawing and
stretching deformation, more continuous and uniform
deformation, and significant improvement on the
geometrical accuracy and rigidity. It also can help to

Welded double sheet

reduce springback, control thinning of thickness, and
improve the forming limitation. So, this process suits for
the production of the large size and small quantity of
hollow components with complicated cross sections. And
it has a very large potential to become a main technology
to produce the car body’s hollow structural members,
such as bumper, beam, exhaust system and fuel tank.

3 Structure of hollow component

The three-dimensional model of the hollow
component with curved axis and complex cross sections
is shown in Fig. 2. The structure of the part is a
‘bone-like’ shape. The center axis is a curved line. At
both sides of this part, the flange surface is flat; but in the
middle of this part, the flange surface is a single
curvature surface. There is an irregular change on the
area of the cross sections along the center axis. There are
three typical cross sections: Section 1, Section 2 and
Section 3. The area ratio of the three typical cross
sections is about 1.2:1.0:1.6. So, the maximum
expansion rate is about 160% for Section 3. Section 1
and Section 3 are in rectangular shape. However, Section
2 is in ‘W’ shape. This means a reverse drawing
deformation before calibrating. So, the changes are very
large on the section area along the center axis.
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Fig. 1 Schematic diagram of welded double sheet hydroforming: (a) Welding; (b) Clamping; (c) Preforming; (d) Calibrating
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Fig. 2 Three-dimensional model(a) and three cross sections(b)
of hollow component (unit: mm)

In general, this kind of hollow component was
manufactured by stamping separately and then welding
together. However, there are some troubles on the
welding of curved flange surface and more costs on the
manufacturing of punch and die for each part stamping.
By contrast, the double sheet hydroforming process can
replace the traditional procedure and decrease the cost
and improve the formability.

4 Experimental procedure

The mould structure used for the above hollow
component by welded double sheet hydroforming is
composed of three parts, including an upper die, a lower
die and a filling body as the docking system. The model
established by CAD software is shown in Fig. 3(a). In
order to replace the die more easily, the upper and lower
dies are divided into three portions respectively. Two

portions are combined into a die cavity, and the other one
is used for filling body. The mould material is 45" low
carbon steel. Figure 3(b) shows the mould picture. The
die radius of upper die is 8 mm, the lower one is 9 mm,
and other radii in die inner surface are all above 7 mm.

The experiments were carried out on the 5000 kN
press machine, the filling of high-pressure liquid was
completed using a supercharger supported by the
hydroforming machine and the maximum liquid pressure
can be 400 MPa. The experimental material used for this
part forming is ST12 low carbon steel blanks with
thickness of 1 mm, the forming steps and the parts
corresponding to the forming procedure are shown in
Fig. 4.
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Fig. 3 Setup of experimental mould: (a) CAD model; (b)
Picture of experimental mould

5 Results

5.1 Influence of blank geometry on formability

As shown in Fig. 5, three different geometrical
sheets were used for experimental study, which were
designed according to the results of the numerical
calculation. Sheet 1 is a rectangular blank, and Sheet 2
and Sheet 3 are optimized results based on the
calculation of reverse algorithm.

Figure 6 shows the experimental forming parts
obtained by double sheet hydroforming with different
sheets. For Part 1 formed from Sheet 1, as shown in
Fig. 6(a), the upper blank fracture at the reverse drawing
corner when the liquid pressure increased to 15 MPa, the
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Fig. 4 Forming steps and parts of forming procedure: (a)
Welded double sheet; (b) Preforming; (c) Calibrating

Sheet 1 Sheet2 Sheet 3
Fig. 5 Shape and size of blanks used in experimental study

upper blank did not fully fit onto the die face, and the
maximum flow distance of the edge was only about 12
mm. The reason may be the large flange area and the
serious stretching force on blank. There is also a large
deformation in the area of reverse drawing forming. For
Part 2 formed from Sheet 2, the blanks fully fit onto the
die face when the liquid pressure is 43 MPa and there is
no defect on the part, the maximum flow distance of the
blank on edge is about 33 mm, and the minimum size of
the flange area of forming part is 18 mm, but there are
more materials remaining on the whole flange. For Part 3
formed from Sheet 3, the blanks fully fit onto the die
face when the liquid pressure is 43 MPa and most of
flange edge is 5—10 mm, and there are some wrinkles
found in the corner reverse drawing region. This is due to
the smaller blank size, it is more easier for blank to be
drawn into the die cavity during the preforming process,
and the excessive material is deposited on the upper

Fracture

Fig. 6 Forming parts with different blank shape and size: (a)
Part 1; (b) Part 2; (c) Part 3

surface, so the wrinkles occur at last.

From the above studies, Sheet 3 may be a good
choice for blank shape and size. In order to avoid the
stacking of excessive material in the corner region of
reverse drawing, the sheet size was increased on the
flange near the region of wrinkling to control the flow
velocity of the sheet, thereby preventing the occurrence
of wrinkles, as shown in Fig. 5.

5.2 Influence of loading path on formability

The clamping force of double sheet hydroforming
comprises clamping force and liquid pressure. However,
for the convenience of the engineering calculations, the
relationship between clamping force and liquid pressure

can be expressed by the following equation
appropriately:
Fy = ApSese (1)

where F,; is the clamping force provided by the clamping
press; 4 is the coefficient of blank holder force,
4=1.1-1.3; p is the liquid pressure during forming, whose
value in calibrating can be calculated according to p, =

t . . .
——o,, where ¢ is the blank thickness, rpy, is the

min
minimum corner radius of the part, o, is the material
flow stress; the maximum liquid pressure is limited by
the supercharger of hydroforming press; S.g is the
surface area of the sheet compressed by liquid pressure
on the projection direction, whose value decreases with
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the flow-in of blank.

The matching relationship between the clamping
force and the liquid pressure of double sheet hydroforming
process can be estimated by the formula (1). Here 4 is

taken at 1.2, and the matching relationship can be obtained.

As shown in Fig. 7, the loading path can be given by the
window restricted by the two dash lines and two dash-dot
lines, where the dash lines refer to the fracture limit and
liquid leakage and the dash-dot lines refer to the limit of
press clamping force and limit of liquid pressure.

From Fig. 7, it can be seen that if the loading path
matches along the given curve of the clamping force and
the liquid pressure, it is not only to achieve a good seal
of liquid in the forming procedure easily, but also to
make blank form by stretching and deep drawing
deformation. However, during the actual experimental
process, it is difficult to do according to the calculated
loading path. In this study, the step-loading paths with
different clamping force and liquid pressure were used in
stead of the calculated loading path.

Three typical step-loading paths were used in the
experiments and these are shown in Fig. 8. The clamping
forces in calibrating stage are all same, but the clamping
force and the liquid pressure of the three paths in
preforming stage are much different from each other.
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Fig. 8 Three typical loading paths

Figure 9 shows the hollow parts formed by three
loading paths. It can be seen from Fig. 9 that by Path 1,
there is a lower clamping force and liquid pressure
during the preforming stage. Fracture can be seen on the
part in the die corner, as shown in Fig. 9(a). This is
because the liquid pressure of 15 MPa in the preforming
stage is insufficient to fulfill the blank on the die face,
and the blank is still at the original state of the end of the
preforming. In fact, the sheets were actually drawn in the
die cavity in the calibrating stage with the increase of
liquid pressure, so that fracture occurred for the large
clamping force in the calibrating stage. By Path 2, the
sheets can be drawn by the liquid pressure in the
preforming stage, blanks fill into the upper die and lower
die cavity under a low clamping force during the
preforming stage, and good quality can be obtained
during calibrating stage, which is shown in Fig. 9(b). By
Path 3, due to the large clamping force in the preforming
stage, there is a large bulging deformation proportion in
the preforming stage and serious thinning phenomenon,
so fracture on the die corner can be found on the part, as
shown in Fig. 9(c). It is caused by the higher liquid
pressure and clamping force in calibrating stage.

Fig. 9 Parts formed by Path 1(a), Path 2(b) and Path 3(c)
6 Conclusions

1) Blank shape and size have a large influence on
the formability. Reasonable blank shape not only can
save materials and reduce costs, but also can avoid
fracture caused by bulging deformation and wrinkle
caused by the large difference of cross sections. It is
obvious that the increase of blank size on the wrinkling
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region can control the flow velocity of the sheet
appropriately, thereby preventing the occurrence of
wrinkles.

2) The clamping force and the liquid pressure are
the two most important process parameters affecting the
formability. During the preforming stage, reasonable
loading path of clamping force and liquid pressure can
ensure the material on flange zone to fill into the die
cavity more easily and decrease the occurrence of
fracture defects.

3) The complex hollow shell structure with curved
axis and varied cross sections can be fabricated by
double sheet hydroforming process more easily and
efficiently than traditional stamping and welding method.
The process can also solve the problem of the limitation
of expansion rate for tube hydroforming for the structure
with large difference of cross sections.
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