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ABSTRACT

In this paper a reserch regarding the surfece of hydroforming tubs, made by alumini-
um and cooper is presented. Tube hydroforming is very important production method

considering that metal tubes are widely used in a great variety of engineering prod-
ucts, such as automobile, aircraft, air conditioner, air compressor, exhaust systems,
fluid lines. The results show that the surface of tubes it is influence of the hydroform-
ing process. the material of the tube in research of surface is also very important.
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INTRODUCTION

Hydroforming is a manufacturing process that
uses hydraulic pressure to produce the straining
of a blank sheet or a tubular part. Hydroforming
has an important role in the automotive industry
due to its capability to produce stiff components
with hollow configurations. This combination
of characteristics leads to lighter and more rigid
vehicle constructions. The automotive industry
is one of the domains in which the hydroform-
ing has extensive applications but, as mentioned
above, the applicability is not limited to vehicles
[1]. Tubular hydroforming method is frequently
used to make complex parts at the structure of au-
tomotive and also in the other sectors of manufac-
turing (aeronautical parts, industrial parts). This
method is a cold deforming process, and we can
obtain the form that we want by one single opera-
tion. At present, this procedure is being assimi-
lated in many other industrial areas (aerospace,
household appliance industry), as it is presented
in Figure 1. The suspended surface is divided into
two regions, the trend of material flow is studied
in the geometric view, and predicts the possibility

of the wrinkling. The wrinkling of the suspend-
ed surface is not only related to the geometry of
the part, but also to the loading path. Qualitative
analysis of wrinkling is controlled by adjusting
the parameters about loading path, and get the re-
lationship of pressure and punch stroke when the
wrinkle happens. The qualified parts can be ob-
tained in each process by optimising the param-
eters in the process of loading [2].

Figure 2 shows different stages of the hydro-
forming process. As can be seen, the first step is to
place the tube in the open mold. The second step is
to close the tool with the internal pressurization of
the piece. The most important step is to push un-
der the increasing pressure exerted by the hydrau-
lic agent. This pressure forces the tube to copy the
internal geometry of the hydroforming matrix.

Figure 3 shows the process of hydroforming
tubular parts. With this method of hydroforming
the tubular parts CNC machine tools were also
put into practice. These machines have high pro-
ductivity in the execution of parts of different
shapes and high complexity.

This principel can be used for normal tubs,
but also for tubes which have been previously
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Fig. 1. Tubular hydroforming parts
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Fig. 2. Tubular hydroforming parts [3]

bent. This type of tubes can have diferent wall
thickness but, this wall influences the presure in
the process. With this principel it can be made
also 3D parts, with diferent angles. Rectangular
section parts created through hydroforming have
good application prospects in the automotive
industry because of their advantages of simple
manufacturing procedure, high forming quality,
and greater bending module than circular cross-
sectional parts. Forming quality is directly influ-
enced by the formed corner parameters of rectan-
gular section parts. It is also a difficult matter in
rectangular section hydroforming [4].

Sample’s roughness of the inner surface of
tubes was measured and it was considered wheth-
er the sample properties are according to EN
10305—1. Principle of measurement: the sensing
tip of the arm moves at a constant speed across the
surface and picks up its inequality. The device pro-
vides output of numerical values for the standard
characteristics of surface roughness on the display
or graphical output (measured profile and curve
of the material profile share) in the monitor [5].
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MECHANICAL CHARACTERISTICS

The tensile tests have been performed us-
ing non-proportional dog-bone specimens. The
specimens have been obtained by machining. Ac-
cording to EN 10002-1:1995, the curvature of
the central region corresponding to the calibrated
length Lc should not be modified. In contrast, the
ends of the specimen can be flattened in order to
ease their clamping in the tensile testing device.
The standard also mentions that the calibrated
region should be connected to the ends by fillet
radii of at least 12 mm. The specimens were cut
longitudinally from aluminum and copper tubes
having an outer diameter of 35 mm. In order to
avoid any significant alteration of the microstruc-
ture and material parameters, the specimens have
been separated from the tubular product using
water-jet cutting machine OMAX [6].

Figure 5 shows the water jet cutting machine
as well as the sampling phases.

These specimens were collected by this
method, as it does in this way were able to obtain
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Fig. 3. Principel of hydroforming tubular parts

Fig. 5. Water-jet cutting machine OMAX 2626
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specimens for tensile testing without affecting
the mechanical properties [7] and material char-
acteristics of the tubular speciments [9]. These
propreties are very good for numerical simu-
lation of the process [10].

In Table 1 the dimensions of the specimens
that have been taken from the tubes to determine
the characteristics of the material are present-
ed. These dimensions were for both aluminium
and copper tubes.

Table 2 shows the main mechanical charac-
teristics of the tubes following the tests. After me-
chanical tests it can be observed that the deforma-
tion of the tubes is very good, therefore, they are
suitable for hydroforming.

MOLD OF THE HYDROFORMING TUB

The aims of hydroforming process were the
deformability analysis of the tube and the changes
of the wall thickness in the case of hydroformed
parts. For this, it was necessary to design and
manufacture a hydroforming mold.

The hydroforming mold is composed of fol-
lowing parts (Fig. 6):

1. Tubular sample. This was make by cooper ma-
terial (Cu 99,9), taken from tubular part with
outer diameter of @35 [mm] and a length of
5000 [mm]. The wall thickness was 1 mm.

2. Sealing parts, was made by tubular silicone
with length of 20 [mm] and inside diameter of
¥22mm; outside diameter was 33 [mm)].

3. Mobile plunger was made of OLC 45 material.
Inside of the plunger, a hole for the hydraulic
oil has been designed and manufactured.

4. Fix plunger was made of OLC 45 material.

Table 1. Dimension of the tensile test specimens

This item has the role of lining-up and guiding
the hydroforming mold.

5. The two parts of the mold were made of OL 37
material, having the dimensions 300%160x40
mm. These two parts of the mold were milled
on a CNC Machine.

EXPERIMENTAL RESEARCH

This paper aims at determining the roughness
of the tube surfaces before and after hydroform-
ing. Rugosity is very important in order to be able
to see the quality of the surface of the tubes as
a result of their deformation processes. We per-
formed some tests on the tubes before deforming
and after. Figure 7 shows the measurement of
roughness on the copper tubes before hydroform-
ing. Figure 8 shows the measurement of rough-
ness on the copper tubes after hydroforming.

Fig. 6. The hydroforming mold

Symbol Size Symbol Size
L 105 [mm] R 30 [mm]
L, 50 [mm] h 1.5 [mm]
L, 75[mm] b, 12.5[mm]
L, 195[mm] b, 20[mm]
Table 2. Characteristics of material obtained from tensile tests
Feature material Al 99.5 Cu99.9
Tensile strength R | 77,1 MPa 232,7
Conventional yield stress R, 58,9 MPa 52
Percent elongation under maximum load A 13,5% 32,7
Total elongation under maximum load A , 18,7% 38.4
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Fig. 7. Measurement of the inner surface at copper Fig. 8. Measurement of the inner surface at copper
tubes before hydroforming tubes after hydroforming

Table 3. The roughness of the copper tubes before hydroforming
ISO1997 0.5 mm/s

ISO1997 0.5mm/s
x5

Ac 0.8 X5

14 0.191

um E um

Table 4. The roughness of the copper tubes after hydroforming

ISO1997 0.5 mmys ISO1997 0.5 mm/s
Ac 0.8 X5 Ac 0.8

——

.41
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Figure 9 shows the measurement of roughness
on the aluminium tubes before hydroforming.

CONCLUSIONS

Tube hydroforming processes is a new and
advanced method the manufacturing tube parts,
and it has a wide range of applications, being
used in the automotive industry. Material param-
eters are very important in obtaining approxima-
tions real as the hydroforming process. Tensile
tests are obtained through a set of mechani-
cal characteristics precise enough to simulate
the desired deformation.

As you can see, the hydroforming process in-
fluences the inner surface of the tube very much.
For this reason a better determination of the in-

ner surface must be made in the wall in which the
tube will have to flow a fluid. The hydroforming
process has a higher effect on the inner surface of
the more deformable materials.

It is very important to determine the most ac-
curate of the inner surface. If a better measure-
ment is made, it is helpful to carry out a numeri-
cal simulation for the liquids flowing inside the
hydroformed tubes.
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Fig. 9. Measurement of the inner surface at alumini-
um tubes before hydroforming

Fig. 10. Measurement of the inner surface at alumini-
um tubes after hydroforming

Table 6. The roughness of the aluminium tubes after hydroforming

ISO1997
Ac 0.8

ISO1997 0.5 mmys
Ac x5

HHIH

|
I

0.5 mmjs
X5
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Table 5. The roughness of the aluminium tubes before hydroforming

1SO1997 ISO1997

0.5 mm/s
X5

1ISO1997 0.5 mmjs

0.5mmjs
Xs
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