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Abstract

The PEPS(Polar-coordinated Effective Plastic Strain) FLD(Forming Limit Diagram), a new type of FLD based on a
polar representation of the EPS(Effective Plastic Strain), appears to be an effective solution to the problem of non-linear
strain path effects. This method has the advantages of the familiar strain-based diagram for linear loading, but without the
strain-hardening limitations of the stress-based diagram, or non-intuitive aspects of alternate Cartesian diagrams based on
effective plastic strain. In the current study, the PEPS FLD was applied to the development process of an aluminum
automobile-body panel, including the necking or crack prediction, die design, and die modification. As a result, the PEPS
FLD provided improved formability of aluminum sheet as compared to deriving the potential formability with non-linearity.
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(a) Strain FLD
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(b) Polar-EPS FLD
Fig. 1 Comparison between conventional strain FLD
and Polar-EPS FLD during bi-linear path [8]
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(b) PEPS FLD with strain path independence
Fig. 2 Comparison between conventional strain FLD
and Polar-EPS FLD [8]
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Table 1 Mechanical properties of Al-6000 sheet along
the transverse direction

Mechanical Properties
YP TS EL n r

113MPa | 218MPa 27.2% 0.273 0.681
Parameters of Voce’s Hardening Law
A B C
366.14 217.05 9.22
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Fig. 4 The result of forming FEA for proto-die with
conventional FLD
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(a) Prediction of formability (b) The result of forming FEA (c) Prediction of formability
with conventional FLD with PEPS FLD

Fig. 6 The result of forming FEA with conventional-FLD and PEPS FLD
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