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SPRINGBACK OF SHEET METAL AFTER PLANE STRAIN
STRETCH-BENDING
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(National Die & Mold CAD Engineering Research Center, Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract: For the springback problem of sheet metal stretch-bending, a mathematical model was proposed
based on Hill’s yielding criterion, exponential hardening and plane strain assumption. The model was validated by
a stretch-bending example. The effects of stretching force per unit width, die profile radius, friction and
anisotropy on the springback were studied. The results from the proposed model indicate that only if the shift
distance of neutral surface exceeds one-fourth of sheet thickness, the increase of stretching force can control the
springback effectively. Furthermore, the larger the bending radius, the more effective the increase of binder force
in controling the sheet springback. However, the stretching force cannot increase without limit. Its calculation
criterion is that the effective strain at the outer sheet layer is not greater than the material limit strain. It also shows
that with the increase of stretching force, the friction has much larger influence on the sheet springback. Besides,
the anisotropy also has effect on the sheet springback of stretch-bending. Comparison with FE simulation results
shows that the predicted results by the mathematical model consist well with those by FEM.
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Fig.1 Scheme of sheet stretch-bending
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Fig.2 Force equilibrium scheme of stretch-bending
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Fig.4 Illustration of benchmark of sheet stretch-bending
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Fig.5 Effect of stretching force on the springback of sheet
stretch-bending
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Fig.7 Effect of friction on the sheet springback of
stretch-bending
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Table 1 Material parameters of aluminum alloy (6111-T4)

#ME E/GPa V.  YSIMPa K/IMPa n  tmm T Elim

.
For

6111-T4

705 0.346 1941 5504 0223 1 0.894 0.207
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Table 2 Effect of anisotropy on the springback of sheet
stretch-bending

FREBHT 06 07 08 09 10 11
A6 1) 5.880 6.009 6.140 6.272 6.405 6.540
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Table 3 Comparison of sheet stretch-bending obtained from
the analytical model and from FEM
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