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Abstract The plastic deformation behavior of additively manufactured anisotropic structures are analyzed using the
finite element method (FEM). Hill’s quadratic anisotropic yield function is used, and a modified return-mapping method
based on dual potential is presented. The plane stress biaxial loading condition is considered to investigate the number
of iterations required for the convergence of the Newton-Raphson method during plastic deformation analysis. In this
study, incompressible plastic deformation is considered, and the associated flow rule is assumed. The modified return-
mapping method is implemented using the ABAQUS UMAT subroutine and effective in reducing the number of
iterations in the Newton-Raphson method. The anisotropic tensile behavior is computed using the 3-dimensional FEM
for two tensile specimens manufactured along orthogonal additive directions.
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Fig. 1. Schematic picture of radial return mapping algorithm.
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Fig. 2. Return mapping stress trajectories of elastic and
plastic trial stresses for the considered stainless steel.
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Fig. 3. Plane stress yield surface of anisotropic stainless steel
with ¢ (o/cp) =1.
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Fig. 4. Plastic strain rate potential surface corresponding to
the yield surface in Fig. 3 with y (Aef/Agf)=1.
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Fig. 5. Number of iterations for elastic trial stress. o is the

normalizing initial yield strength.
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Fig. 6. Number of iterations for plastic trial stress. oy is the
normalizing initial yield strength.
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Additive direction

Fig. 7. Specimen directions of additively manufactured
stainless steel. Z’ is the additive manufacturing direction.
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Fig. 8. Nominal stress vs nominal strain curves of x’ and 7z’
tensile loading directions.
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