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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the new sheet metal forming process as incremental sheet forming and spinning forming, it is not
Received 30 May 2017 completely correct, in Marciniak-Kuczyinski model, to assume that sheet deformation occurs in the
Accepted 14 October 2017 plane-stress state, due to being normal compressive stress and through-thickness stress In this type of

Available Online 18 November 2017 - . L ; . - : :
vatiaole Oniine 28 November forming processes, the obtained limit strains refer to improving the sheet forming. However, in

researches the effects of through-thickness shear stresses, also known as out-of-plane shear, have been

Keywords: . . . L . 3 . .

Generalized Forming Limit Diagram less studied. The generalized forming limit diagram is a suitable curve that includes all six components
Normal Stress of the stress tensor. In this paper, the effect of normal comprehensive and through-thickness shear
Through-Thickness Shear Stress stresses on the limit strain AA6011 aluminum sheet was investigated to using a modified M-K and the

Modifed M-K model anisotropic Yield function, Hill 48 and by using numerical solutions of nonlinear equations, Newton-

Raphson method. First the forming limit diagram was drawn with the assumption that the through-
thickness shear stresses and then the effects of normal comprehensive stress and through-thickness
shear stress on the limit strains were proved and the generalized forming limit curves were obtained.
The results show that forming limits can be increased significantly by both normal compressive stress
and through-thickness shear stresses. Also, the effects of normal stress on increasing the formability of
sheet compared with the effects of through-thickness shear stress are greater.
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Fig. 1 Scheme of the initial M-K model, a- the undeformed, b- the
deformed state
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Fig. 3 The components of stress tensor effects on the yield surfaces for
AAB011, a- the effects of normal stress, b- the effects of shear stress, c-
comparison of normal stress and through-thickness shear stress effect
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Fig. 7 The effect of through-thickness shear stresses, 613 and 6,3 , on
FLD for alloy AA6011
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Fig. 8 The effect of normal and through-thickness shear stresses,
033 and 0,3, on FLD for alloy AA6011
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Fig. 6 Through-thickness shear stress effects, 0,3, on FLD for alloy
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Fig. 9 The concurrent effect of compressor normal stress and through-
thickness shear stresses on FLD for alloy AA6011
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