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A New Approach to Identify the Ductile Damage Constants
of Seamed Metallic Tube Using Hydro-Bulging Process

H. Ghaforian Nosrati !, M. Gerdooei?” and M. Falahati Naghibi®
! M.S. Student, Mech. Eng., Shahrood Univ., Shahrood, Iran
2 Assis. Prof., Mech. Eng., Shahrood Univ., Shahrood, Iran

Abstract

In present research, the numerical and experimental investigation of progressive ductile damage has been
conducted in free bulging of 304 stainless steel seamed tube using oil pressure. In the numerical section,
using the Lagrangian finite element method with ABAQUS/Explicit solver, the seam weld simulated as a
thin strip, contains non-homogeneity factors of strength and formability. Forming Limit Diagram (FLD)
criterion was used as a measure of damage initiation, as well as effective plastic displacement factor with
linear approach in order to model damage evolution. In the experimental section, tensile test of tube has
been conducted to attain mechanical properties and also tube free bulging has been perform. Maximum
bulging diameter of tube and critical pressure were recorded at the moment of bursting. In numerical
analysis, the effect of material non-homogeneity factor on critical pressure, also the outcome of effective
plastic displacement on the maximum bulging diameter investigated and compared with experiments.
Finally, the optimum values of non-homogeneity factor and effective plastic displacement obtained
respectively equal to 0.9 and 0.05. Using these factors, the accuracy of numerical prediction for tube
diameter and oil pressure at bursing moment were more than 99%.

Keywords: Ductile Damage Criterion; Hydro-Bulging; Forming Limit Diagram; Seamed Tube.
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PEEQ
SMEG, (fraction = -1.0)
(Avg: 75%)

+3.028e-01
+2.784e-01
+2.541e-01
+2,207e-01
+2.054e-01
+1.810e-01
+1.566e-01
+1.,323e-01
+1.079e-01
+8.358e-02
+5.922e-02
+3.487e-02
+1.051e-02

P =24 MPa ) WFLD:0'8 (L,)

PEEQ
SNEG, (fraction = -1.0)
(Awg: 7E®)
+4.9672-01
+4,576e-01
+4,1842-01
+3.792e-01
+3.400e-01
+3.009e-01
+2.617e-01
+2.225e-01
+1.823e-01
+1.441e-01
+1.050e-01
+6.580e-02
+2.662e-02

P=28MPa, wgyp =132

PEEQ

SMEG, (fraction = -1.0)

(Avg: 7E%)
+1.642e-01
+1.506e-01
+1.370e-01
+1.234e-01
+1.098e-01
+9.615e-02
+8.253e-02
+6.891e-02
+5.520e-02
+4.167e-02
+2.805e-02
+1.443e-02
+8.148e-04

z %

P =20MPa , wpp = 0.43 (Wl

PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)
+4,302e-01
+4.0448-01
+3.6968-01
+3.348e-01
+3.000e-01
+2.652e-01
+2.304e-01
+1.956e-01
+1.602e-01
+1.260e-01
+9.122e-02
+5.641e-02
+2.161e-02

P =25.94 MPa , WrLp = 1 (C
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PEEQ

SNEG, (fraction = -1.0)

(Avg: T59%)
+8.230e-01
+7.570e-01
+6.901e-01
+6.232e-01
+5.562e-01
+4.,893e-01
+4.2242-01
+3.555e-01
+2.885e-01
+2.216e-01
+1.547e-01
+8.777e-02
+2.085e-02

¥

A

z x

P =259MPa, w?'=0.1, D =47.7mm (¢

PEED

SNEG, ({fraction = -1.0)

(Awg: 75%)
+6.456e-01
+5,0230e-01
+5.422e-01
+4,005e-01
+4.388e-01
+3.870e-01
+3.353e-01
+2.836e-01
+2,319e-01
+1.801e-01
+1.284e-01
+7.669e-02
+2.497e-02
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abizxd g0 Seiwdly glraly plil SV g
s sl

0/5
0/45
0/4
0/35
; 0/3
0/25
0/2
0/15
0/1 —e— Strain Signature without Evolution
Criteria

0/05

0
-0/05 -0/025 0

=5 ONsS
PISLS 69y 2 (Sl alali (A3, azeiy )b -1V B
oS

kel iy

=== Strain Signature with u=0.05

0/025 0/05

N
~N

Ayl oS 5 sl iy s
(JSnly Ko YAIY) (325 o

Les
N
(2]
S~
(%]

L

Sl L
N
[«)]

=25/5

o

2

< 25
24/5

0/88 0/89 0/90 0/91  0/92
(F) ol o o
Sl )L g Ayl (SKeal o po 5110 Sl

el s a g e u8l jslateas aslsl yo
Sty A ey e 4 azg L TP e Szl
e ol i liste polie ) 4 (o lwand tode] Cawds

PEEQ

SNEG, (fraction = -1.0)

(Avg: 75%)
+5.650e+00
+5.184e+00

+3.786e+00
+3.320e+00
+2.853e+00
+2,387e+00
+1.921e+00
+1.455e+00
+9.887e-01
+5.225e-01
+5.630e-02
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P =32MPa, w! =6, D =54 mm (X

PEEQ

SMEG, (fraction = -1.0)

(Avg: 75%)
+3.890e-01
+3.680e-01
+3.270e-01
+2.961e-01
+2.651e-01
+2.341e-01
+2.032e-01
+1.722e-01
+1.412e-01
+1.103e-01
+7.932e-02
+4.835e-02
+1.739e-02
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P =25.9MPa, u?'! =0.9, D = 49.5mm (v
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