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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, in order to build T shaped tube by hydroforming method, the drop hammer system is used
Received 07 July 2016 which leads to the hydrodynamic load. To form the first piece as the die configuration, the hydraulic
Accepted 13 August 2016 internal pressure and axial feeding is required, and in the study of this process a source of energy should

Available Online 14 September 2016 be used in two ways. According to mentioned load path, the die is designed to get the impact of free fall

weight by pistons on the die, which produces the hydraulic pressure. By putting the punches on both

ﬁi,ydvrvgfgdr?ﬁing sides of the tube, axial feeding takes place by receiving the hydraulic pressure of Intermediate fluid, and
Experimental the internal pressure transmits the fluid from the middle hole of the punches. It is worth noting that
Drop hammer copper and aluminum tubes have been analyzed in experimental tests. To check the numerical analysis
:IZ?;?:E?J;T of final pieces and improve the quality of shaping, the finite element software ABAQUS is used. The
simulation model of forming T shaped tube has been evaluated dynamically by considering the effect of
strain rate and mechanical properties of tube material. The results of tests show that to have favorable
deformation, all the input parameters such as the kinetic energy, fluid column, sealing, lubrication,
gender and the thickness of tube should be proportional to each other. Also, in this study, the height of
the bulge has been analyzed due to the thickness distribution, axial displacement and surface embrace.
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Table 2 The results of aluminum tubes test

alS A elis )l
Sl H - o ‘f)f Lgiw oyl
Uk e e oo O
(mm) ol mbesl

(mm)  (mm)  (mm) ()

(cm)
2.2 0.4 1.4 12 210 80 T.1
5.6 0.3 2 18 285 100 T.2
4.6 0.3 1.3 13 190 75 T3
5.3 0.2 1.6 13 285 100 T4
5.4 0.4 1.8 13 327 110 T.5
5.8 0.4 2 14 327 110 T.6
6.4 0.4 2.2 20 306 105 T.7
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Fig. 16 The experimental diagram of kinetic energy-Axial

displacement for copper tubes (T.1, T.6, T.7, T.8, T.9, T.10 in fluid

column W=14mm)
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Fig. 17 The experimental diagram of kinetic energy-Axial
displacement for copper tubes (T.1, T.6, T.7, T.8, T.9, T.10 in fluid
column W=14mm)
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Table 3 The results of copper tubes test

e T R -
de oy Je e s O
s (mm)  (m) Q) ()

- 0.5 0.6 14 285 100 T.1
0.72 0.8 1.8 16 368 120 T.2
0.66 0.6 2 16 327 110 T.3
0.68 0.6 15 15 347 115 T.4
0.68 0.5 1.8 15 327 110 T.5
0.17 0.4 1.2 14 377 115 T.6
0.37 0.6 1.4 14 402 125 T.7
0.64 0.6 1.6 14 450 140 T.8
0.57 0.6 1.4 14 490 150 T.9
0.14 0.7 1.2 14 535 160 T.10

T5 T.4 T.3 T.2 T.1

T.10 T.9 T.8 T.7 T.6

-y | o
Fig. 15 Examples of tube deformation process
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Fig. 19 A view of the simulation model and experimental test of a
deformed copper tube (T.8)
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Fig. 20 A view of the simulation and experimental test of a deformed
aluminum tube (T.4)
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Fig. 21 A view of the simulation result of a deformed aluminum tube
(T.5)
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Table 5 Thickness distribution for aluminum tubes

(T.4) oae (T4) ops s bl
(mm) (mm) Calks
2 2 A
1.86 1.78 B
1.35 1.56 C
1 0.8 D
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Fig. 18 A view of the simulation model and experimental test of a
deformed copper tube (T.1)
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Table 4 Thickness distribution for copper tubes (Dimension in mm)

. . . bl:u

&ode e Goue [l €3l i
(T8) (T8 (1) (T.1) (110 s
1 1 1 1 1 A
0.9 086  0.98 0.94 1.18 B
0.54 0.7 0.64 0.8 0.96 c
0.42 0.58 05 0.76 0.86 D
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Fig. 24 The Stress—Axial displacement simulation diagram of copper
and aluminum deformed tubes (Al T.5 and Cu T.8)
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Fig. 25 The Bulge-Axial displacement simulation diagram of copper
and aluminum deformed tubes (Al T.5 and Cu T.8)
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Table 7 The experimental and numerical compare of surface embrace
for copper tube T.6, T.7 and T.8

o % Lges
0.15 017 T.6 e
0.3 0.37 T.7 e
0.5 0.64 T.8 L

Time (s)
Fig. 22 The simulation diagram of force — time for aluminum tube (Al
T.5and Cu T.8)
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Fig. 23 The simulation diagram of Bulge — Time for aluminum and

copper tube (Al T.5 and Cu T.8)

sldyd gl sgame izl giluans Jow » Glej Saelylosed 23 JSCi

(T8 @50d) (oo 5 (T'5 w5503) sogirnsl]

sl 5 (T8 wigad) s Ig) (s Sy (5308 5 (225 4slin 6 Jgor

(T:5 iges)
Table 6 The experimental and numerical compare of axial
displacement for aluminum (T.5) and copper (T.8) tube

(mm)gsae (mm) o, Jpees
1.4 0.9 powinsl]
1.2 0.8 o
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