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Investigation of the effective parameters in the bulging process and obtaining
Forming limit curve of the stainless steel tube by the GTN criterion
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Tube hydroforming is a process that has been considered to produce integrated and seamless parts in
Received 14 February 2017 recent years. The numerical prediction of tearing to design the right equipment in this process is
Accepted 04 April 2017 important. In this study, the formability of 304 stainless steel tube by free bulge test was experimentally

Available Online 29 June 2017 and numerically evaluated to determine the forming limit diagram. The Gurson- Tvergaard- Needleman

(GTN) is a micromechanical model to predict ductile fracture of metals. In order to determine the

Ej,y,ﬁvf’nrg s“'mit curve defining parameters of the GTN damage model, the experimental tensile test of the standard sample and
GTN ductile fracture criterion the finite element simulation using ABAQUS software was performed. Using this criterion in the
Stainless steel tube ABAQUS software and comparing the force-displacement diagram obtained from the experimental
fFee bulge test tensile test and the finite element simulation, the parameters of the GTN model were obtained by the
inverse method. Then, the geometrical parameters of the die in the free bulge hydroforming process
were investigated by the GTN ductile fracture criterion and the forming limit diagram of the 304
stainless steel tube was numerically obtained. The experimental tests were also carried out to verify the

results of the finite element simulation. Acceptable agreement is shown.
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Table 1 Mechanical and physical properties of AISI 304 steel tube
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Table 2 Chemical components of AISI 304 steel tube
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Fig.6 (a) Experimental setup of T-shape Hydroforming (b) A schematic
of setup of T-shape Hydroforming
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Fig. 10 (a) Assembled model of bulge test (b) Assembled model of T-
shape Hydroforming
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Fig. 12 Predicted fracture using FEM and Experimental (the length
bulge of 60 mm and the die entrance radius of 5 mm)

B0 @l Jsb) @l alp 2 Lialesl 5 it 53 (5l oanline 12 JSUs
G mMm JB 55,5 glais s MM

60 mm &l Jsk) o1 gl Giule3l o (silwtnnds § (2,25 @l 4nlie 3 Jgur
Gmm JB 50,9 glats o

Table 3 Comparison of experimental and simulation results in free
bulge test (bulge length of 60 mm and die radius of 5 mm)
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Fig. 13 Strain paths with respect to die radius in free bulge test
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Fig. 20 A number of bulged components with various axial feeds
(10mm, 5mm)
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Fig. 21 Forming limit curves obtained from experiment and simulation
with GTN criterion for 304 stainless steel tube

SaS & g5l § ()25 5l ol Cawddy (2O IS 0> sla e 21 Y
304 45 55 goVg8 algd 5l GTN jLxo

5 20K o e 5 g GTN ol jle 5l eolenl b ol aw
bl 5l oaal Cawots [lad paa 51 eolitul b g ol (6,l35,L el
A gzl oslainl 4 bgi e (gilwdnd Ho cwl oads ools lis o
FLD giomio ol & bgiye (205 e 5 28,5 IS ol axkad (o0 IS
Sl s bgype (silwand (o ashd a5 S0 ;0 0,50 ahad | vl Cussay
Sk oo (GTN el Jlao 5l oslazul) J58le 5,0 GTN (ol o058
4 azg bcel 00,5 g8 [ FLD civie o @ bgypo (1355 s 5 05
o)y axkad 55 oy Galel 3 S pl 4 Az g b iznen 5 Lo 00
Shre 5l eolaral Wl5T 6,08 L Lyl h o a5 wl Jols ass ol s
"23 IS e led scte eyt @ 1 b g GTN ol
0355 3l b dgazme izl (giludend 5 (025 Glalejl 50 ead o)y askad
RV PRV N WA X L G IR T S0Y
olT 638 ,b Loty jo dalad 20 IS (5 3.8 anlllas (gl aslol jo
iulesl 5 l8le 5w GTN Culpo (o503 o5lg b (gjlwancd 51 solinal L

U - P SRS W VRSP NCL i e R I RSO

373

Al o225 slagiuleil & bae (55l bl 6 Jgax
Table 6 Condition parameters of experimental data bulge
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Fig. 18 Experimental Bulged components for the eﬁ-;t of die radius in
free bulge (I=60mm)
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Fig. 24 The strain path of the simulation by entering GTN coefficients
in free bulge
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