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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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Fig. 2 True stress-strain curve of AlISI 304 steel tube
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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. 1 The specimens obtained from tube tension test
AT QMJLA)] LRSS [XWRAY 6[&455,03 1 iSuo

6 o)losds 17 055 1396 ) sy pics ‘uu)'.\.c Llse s


http://journals.modares.ac.ir/article-15-11587-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:09 IRDT on Sunday May 13th 2018

UL 9 GLALS YIS ea)e

GTN jlso by 93355) S3V9d alg) LB JSub 32 ixie 99T wamwdy 9 Y Sl ASuiay 30T 58 13 HIIT Huil S pielrly w3

e o (snaSt Ayl B S

Pin and Screw

Punch \ Punch
\ ressure /Fo L5
L S
& N X \\
(<)

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 gl Jsb) @l anl 3 ialailig il 53 (5l oanline 12 JSUs
G mMm JB 55,5 glais s MM

60 MM L Job) ST gl ialog] 5 (s3bton 5 5 ol alin 3 Jpur
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
Tl Gialesl 53 B (90955 plad oy (155 Sl s 13 S

6 o)losds 17 055 1396 ) sy pics RS Ao S s


http://journals.modares.ac.ir/article-15-11587-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:09 IRDT on Sunday May 13th 2018

Obed 9 A3 OLS @are

GTN )lze by 93353 ) 53V alg) LB JSub 3 icxio U391 awdy 9 Y (sl ASiny 3isT 8 3 HIAT il Sl yielply w22

el 5o e wdws Jlade bl (ragn (nl 5o lagow,n asldl s
S8 addllas 5,50 60 MM IS5 5ot a>b Jsbo 9 5 MM CJB (5045
IS8 50 aakd (638 3,5 e Ay (ypmme A Jlade Sl 8 S
@ Slge y3L by g (9 4 Lol b el sad sols las 17
e a5 Wb co Golial Aol Jsb cge jo Jles! jlid (SE oss 4l
D ale S Cend oS g S cnl o L8 (15,5 Sl 4

091 Camday g @b anl B sgame slizl (gleand el 5l Gan
Lyls jo (65 Olesd oogasme 9,5 astie (8 Cwond @l
A gmmie 0] Cawddy el oS sl 00gy alizee (5,038 ,L 5 (5,5l
el sl Gtalesl (b izeen 5 siloand 5l eolitl b (po S
S50 alg) oo IS0 v v Qa)ﬂ Cesddy Sy (250 <5L‘°J~9.L°)‘T
blas 0,8 oy aslsl S)b abisd b g5loans a5 ol 5l o o s
o Dz bl 0 a0 IS 0 o] Cewsds gla S e ol
Caond 50 o] Cawody glo i S e olol bla Jlasl b asl e
Al G BUSIRSTVI P TS IE VU L IR CEgEE SO -

Slp 2 sibeyl (ilwacs 5l ool Cavods s 4 azg L
b ileyl bl o plosil o2 (20 Sl 0> imie (0 ,5] Cewday
19 18 Gla JSa" jo .ol suis 00,91 6 Jgaz ;o oyl )b calisee polie
axg b slons ools ylis calisre Lal,i )0 oo sols JSKb wlakad "20 4
S50 oad osbml Lol Gl i )S wiload gunasiis b dg) 4l o
LRSI SENUPS NIV P 05 LIRS U VN (RCVY R P
Gilmdand 5 0,25 slaiolej] 5l oael cusoay a0 S o> i 21

il ools ULM.: Sgdoe 6‘)"

OIS v Sk (e Cno g (B dw axbad 20 K -2-5
anlad 20 S8 el Cawots 2SS > St uwdate (gl
Srh s adlae jslieas 285 )18 adlllas 3,90 (ST (oalam
&ygme a5 b (5,135 )L g ol5T (6 138, el gn (o o oo S caalad
PSS 9 gizie 3l eolitel b (g jlwanih ez piales] 5l eoliial b

0.7
]
[} 4 06
[
] .
| / 105 _
1 . s
\ / >
\ : 4 04 &
. ' 2
~ k S
! {03 =
\ g
N
N . : £
raee Axial feed™ \ : 4 0.2 §
Q . H
- - — Axial <10 MMM s
; RN {01
Axial feed= 15 mm .
F - - -Axial feedl: 20 mm . . i

-0.3 -0.25 -0.2 -0.15 -0.1 -0.05
Minimum principle strain

Fig. 17 Effect of axial feed on strain path (bulge length of 60 mm and
die radius of 5 mm)
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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
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Fig.18 Experimental Bulged components for the effect of die radius in
free bulge (I=60mm)
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Fig. 19 Experimental bulged components for the effect of different
lengths in free bulge (r =5 mm)
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Fig. 24 The strain path of the simulation by entering GTN coefficients
in free bulge
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Fig. 22 (a) the strain path of the simulation by entering the coefficients
GTN in free bulge (b) the strain path of the simulation by entering the
forming limit curve in free bulge
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