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Springback prediction of friction stir welded DP590 steel sheets
considering permanent softening behavior
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Abstract
In order to evaluate the effect of permanent softening behavior on springback prediction, 2D-draw bending simulations
were compared with experiments for friction stir welded DP590 steel sheets. To account for the nonlinear hardening
behavior, the combined isotropic-kinematic hardening law was utilized with and without considering the permanent
softening behavior during reverse loading. Also, the non-quadratic orthotropic yield function, Y1d2000-2d, was used to
describe the anisotropic initial-yielding behavior of the base sheet while anisotropic properties of the weld zone were

ignored for simplicity.
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Table 1 Tool pin length and tested welding conditions

Pin length (mm) 1.8 | Tool velocity {rpm) 1000
Work angle () 0.00 | Feed rate (mm/min) 80
Travel angle () 3.00
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Table 2 Anisotropic coefficients of Y1d2000-2d

m 6.0

¢/ 0.9690 | c, -0.0088
c, 1.0369 | co 0.0308
cl 1.0109 | ¢, 0.9909
el 0.9840 | ¢!, 0.9908
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Fig. 1 Dimension of the cross-section for a friction stir
welded DP590 specimen
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Table 3 Isotropic-kinematic hardening parameters

Base Weld

K 1018.26 -

£ 0.0013 -

o," n 0.19 -

(Mpa) _% - 440.80

b orb, 283.39 190.06

¢ ore, 52.46 24.38

5 _& 42821.41 50622 37

' b, 549138 34249 96

(Mpa) 1943 48 374.74

o % 118.20 188.12

: b, 130.56 35232

(Mpa) 19.05 171.76
for weld zone

a_ a +b(1-e)
g, = }
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a(E)=af+b /e, (1-€")s a,(&)=aF+b/c,(1-e)
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Table 4 Softening parameters

a 0.6590 B! 03512

a, _4 0.3434 b, b? 203238
a; 21.5610 c, 583.1374
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Fig. 2 Calculated and measured hardening behavior
of base material
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Fig. 3 Schematic view of the (a) TWB specimen and

(b) tools and dimensions for the 2-D draw
bending test
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Fig. 4 Parameters for the springback at the punch
corner, the die corner and the side wall curl
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Fig. 5§ Measured and simulated springback

parameters for (a) side wall curvature radius
and (b) corner angles
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