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Analytical consideration of springback predicting dual-phase steels sheets
during U- form bending process based on anisotropic nonlinear kinematic
hardening model
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ARTICLE INFORMATION ABSTRACT
Original Research Paper An undesirable factor that affects the dimensional precision and final shape of metallic parts produced
Received 19 June 2016 in cold forming processes is springback phenomenon. An analytical model is introduced to predict
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c A springback in U-shaped bending process of DP780 dual phase steel sheet. This analytical model is based
Auvailable Online 06 September 2016

on the Hill48 yield criterion and plane strain condition. In this model, the effect of forming history,
sheet thinning and the motion of the neutral surface on the springback of U-shaped bending process is

Keywords: . . . . . . . . . .

Springback, Bauschinger Effect taken into account. The anisotropic nonlinear kinematic hardening model is used to consider the impact
Dual-Phase Steel of complex deformation, including stretching, bending and reverse bending. This model is able to
U-Shaped Bending Process investigate the complex hardening behavior of material such as Bauschinger effect, transient behavior

Anisotropic Hardening and permanent softening. The effect of the sheet holder force, the coefficient of friction, thickness,

material anisotropy and hardening parameters on the sheet springback is studied. It can be seen that
analytical model which is presented in this paper has good accuracy in the springback prediction in
comparison with FEM method and results are close to experimental data. The results show that the sheet
holder force, the coefficient of friction, thickness and material anisotropy have considerable influence
on the springback prediction. Since, the sheet experiences a reverse loading during the forming process,
hardening parameters of the material have a significant influence on the springback prediction. It can be
seen that the Bauschinger effect has more influence on the springback prediction than the permanent
softening and transient behavior.
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*2 1sotropic hardening
'3 Backstress tensor
 Effective plastic strain
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* Advanced High-Strength Steels
? Sidewall curl

® Semi-analytical

* Finite element method (FEM)

® Bauschinger effect

® Transient behavior

" Permanent softening

& Work hardening stagnation

° Anisotropic nonlinear kinematic hardening model (ANK)
O Hill's 1948

™ Simpson's rule
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Table 2 Springback angles and sidewall curvature radius for different
mechanical and geometrical parameters

P, (mm)  6:(°) 6.(°) sl
0 Kloal g po
112.3106 78.3076  112.5129 0.5
110.1944  78.0839  112.9460 0.6
108.0945 77.8534  113.3924 0.7
106.0373 77.6189  113.8470 0.8
B Sl o o
106.4241 77.6637  113.7602 0.1
106.4165 77.6623 113.7614 0.2
106.4065 77.6605  113.7629 0.3
106.3938 77.6582  113.7648 0.4
(KN) G55 005l 455 59,0
106.3732 77.6544  113.7679 30
106.3205 77.6446  113.7758 60
106.2716 77.6353  113.7828 90
106.2267 77.6264  113.7892 120
(mm) By alo
80.1379 73.4281  121.3470 1
86.6491 73.4281 119.0374 1.1
93.1996 75.8218  117.0403 1.2
99.7916 76.7994  115.2962 1.3
¢, (MPa)
104.1815 77.2581 114.2048 5077.1
105.3152 77.4653 113.9781 7615.65
107.5073 77.8535 113.5508 12692.75
108.5643 78.0352  113.3497 15231.3
C, (MPa)
106.3942 77.6280  113.7347 62.1
106.4091 77.6458 113.7475 93.15
106.4390 77.6815 113.7729 155.25
106.4539 77.6994  113.7856 186.3
Y1
125.1638 80.4849  110.5353 22.05
111.1685 78.4679 112.8619 33.075
104.3948 77.2974 114.1630 55.125
103.4005 77.1127 114.3645 66.15
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Fig. 10 Effect of the die friction coefficient on the springback
parameters prediction
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Fig. 9 Influence of the blank holding force (P,) on the springback
parameters prediction

G S o)l ot 2 Py G)s 0,085 g5 519 S

8 oplaib 16 0555 1395 T o Sile Lusico



Slr g 3o 9 S Hiuol

3 )55kunodl oA ad (uia S5 Sigub st Jdo bl ja JSub U Gined 35T )8 53 6518 93 $ladrg (6 pid conssd ps i iy SIS w12

5 oelCumody 2l He slaslie wal @l Ll Jow s ob,l sy
aop ool oad wll 14 S o [21,14] @Vl o eud @l b
Seoe oaalin ailioe Jlne aliws alin (SlSe 5 cwaiin (slazall
olps bl jl 4 oud (gt 658 ST p Glall den oS
bl e Suoy aBRaslesl polie 4y Ll

S Vghics L8, 4 baye V1 9 (5 (1 (SWsdcss sl yally
Ol il JBaile (Saigh py g )35 8, Sads I Jalis sobe
Dl s b ol oo |y 6,8 CiS gy, p (SNsdios LS, )-:-’b
2,5 sy byl

e olid 1) (8 ciS byl 51 G alal, 16 S
S oy nlsign RIS Yy Gl L 558 Sy iy Sl
&9 5l ojles side &S ol b e GlBlyy el mals b
Iy ooeSae 6518550 5 (o)lo )b =)l L Julds ey slo JSCo s
o oole (Saighccus [, a5 5 S (g, Fam o0 S e S
218 (555 i el sy 3 s S

Ol 1y g8 ciS y slayll g5y 5 G et J“"U 16 s
65 2 S B0 coye Y1 e b oamlie o e

—_
@
[=]

Exp-ref. [14]
[ JIH-FEM ref. [14]
ANK-FEM-ref. [14]
140} ] ANK-Analytical

—_
D
[=]

120F

100f

o
(=]

D
(=]

H
(=]

n
(=]

Springback angles (°) / Bending radius (mm)

o

02
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of the springback parameters based on FEM method and analytical
method
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Fig. 11 Effect of the punch friction coefficient on the angle 6,
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