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Springback prediction on bogie cover plate pressing based on crystal
plastic finite element
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Abstract: Aiming at the problem that the springback of S355J2W steel plate in the die pressing process was difficult to predict due to its re-
markable anisotropy, for the forming of side beam upper cover plate for high-speed EMU bogie, the grain and texture of S355]2W steel were
analyzed, and the anisotropy of the material was quantified. Then, the key parameters of crystal plastic constitutive model were obtained,
and the anisotropy mechanical properties and the model parameters of Hill48 yield criterion were evaluated by crystal plastic finite element
method (CPFEM). Furthermore, a simulation model of the pressing process for bogie upper cover plate of side beam was established, and
the stress release and springback effect of the workpiece after forming were simulated by Von Mises and Hill48 yield criterion. Meanwhile, the
side beam upper cover plate pressing test was carried out to verify the results, and the test results were consistent with the simulation results.
The comparison of the prediction results between the isotropic and anisotropic models shows that the anisotropic material model can predict the
springback of the side beam upper cover plate more accurately.
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Fig. 1 Representative volume element of S355J2W steel
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Table 1 Material parameters of crystal plastic constitutive model

Co/ Co/ Cu/ v hy/ 7/ 7/
Z m a q

GPa GPa GPa ¢! MPa MPa MPa
BAE 227 135 54 0.001 554 124 212 0.01 2.0 1.4
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Fig. 2 Pole figure of S355J2W steel
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Table 2 Mechanical property parameters of S355J2W steel

S0 JEE/mm JEIRSRIE/MPa  HHSRIE/MPa  HEKE/%
BE 14 367 610 22.4
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Table 3 Model parameters of Hill48 yield criterion
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Fig. 3 Anisotropic yield surfaces of S355]J2W steel under

different shear stresses
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Fig. 4 Structure of upper cover plate part for side beam

(a) Side view

(b) Vertical view
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Fig. 5 Forming die for upper cover plate part of side beam
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Fig. 6 Finite element model of die pressing and shape of

component blanks
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Fig. 7 Profile measurement of upper cover test piece for side beam
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Fig. 8 Equivalent stress distributions of upper cover test piece for
side beam before and after springback

(a) Von Mises yield criterion (b) Hill48 yield criterion
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Fig. 9  Springback displacement distributions of upper cover test piece for

side beam predicted by Von Mises yield criterion (a) and
Hill48 yield criterion (b)
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