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ARTICLE INFORMATION ABSTRACT

Original Research Paper Manufacturing in as short a time as possible, with highest quality and at minimal cost, is one of the key
Received 21 May 2016 factors in industry. As a result, researchers are seeking new methods and technologies to meet such
Accepted 17 August 2016 requirements. Liquid impact forming is one such method which has received wide currency especially

Available Online 24 September 2016 in automotive and aerospace industries. In this method, which is considered one of the tubular

hydroforming processes, forming is achieved by using liquid pressure. In this paper, liquid impact

Keywords: . . . . . . L

Tubular hydroforming forming process was investigated experimentally and numerically for a thin-walled aluminium tube. In
Liquid impact forming experimental part, a die was designed and manufactured to transform the cross section of the aluminium
Finite element simulation tube into a polygon which at the end of the process changes the cylindrical shape of the tube to a profile

almost similar to a trapezoid. Results showed that a die in the form of matrix molding is not suitable for
this type of geometry in such a process, while using another die which consisted of three parts resulted
in a satisfactory forming. Simulation of this process was further implemented using finite element
method and results relating to Von Mises stress distribution, displacement, strain energy, internal
energy, thickness variation and the force required to implement the process were obtained.
Displacement distribution in different regions indicated that no wrinkling occurred in the sample.
Comparison between simulation and experimental results indicated that they were in good agreement.
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Fig. 2 Final form of liquid impact forming die [7]
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Fig. 7 Set of sealing elements

Fig. 8 Main axle
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Fig. 9 Pressure gauge connection to the main axle
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Fig. 10 Control valve connection to the main axle
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Fig. 16 The test result for aluminium tube without filling it with fluid
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Fig. 17 The test result for aluminium tube filled with water
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Fig. 13 Geometry of the die and aluminium tube in ABAQUS software
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Fig. 14 Pressure variation with time
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Fig. 15 Meshing of aluminium tube in ABAQUS software
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Fig. 19 The test result for tube filled with water at pressure equal to 6
bars using the three-piece die
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Fig. 20 The test result for tube filled with water at pressure equal to 7
bars in the three-piece die
laakd a B 5 oolitl b JSole 7 JLed o ST b 2alesT 20 Ui

Fig. 21 The test result for tube filled with water at pressure equal to 8
bars using the three-piece die
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Fig. 22 Numbering the corners of the workpiece
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Table 2 Comparison between angles of the actual and default case
when using water
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1.09 131.41 132.5 3
1.59 131.41 133 4
0.82 97.18 98 5
4.91 141.41 136.5 6
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Fig. 18 The test result for empty tube using the three-piece die
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g. 25 he te resul for tube filled with hydraulic oil using the three-
piece die and teflon tape
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Fig. 26 Final form of he tube after being removed from the die
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Fig. 27 Final form of the tube without cracks
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Fig. 23 The test result with hydraulic oil as the fluid using the three-
piece die
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Table 3 Comparison between angles of the real and default case when
using hydraulic oil
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. sl
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0 90 90 1
0.41 138.59 139 2
0.59 131.41 132 3
0.41 131.41 131 4
0.82 97.18 98 5
0.41 141.41 141 6

Fig. 24 Cracks appearing from sharp points in the final form
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Fig. 32 Distribution of thickness along the perimeter of the tube
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Fig. 33 Variation of energy in the tube with time
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Fig. 34 Variation of force exerted on the upper die section with time
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Fig. 29 Distribution of plastic strain
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Fig. 30 Distribution of displacement
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Fig. 31 Distribution of thickness in the tube
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and simulation
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