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Abstract A fixed-point iteration is proposed to integrate the stress and state variables in the incremental analysis of
plastic deformation. The Conventional Newton—Raphson method requires a second-order derivative of the yield function
to generate a complicated code, and the convergence cannot be guaranteed beforehand. The proposed fixed-point
iteration does not require a second-order derivative of the yield function, and convergence is ensured for a given strain
increment. The fixed-point iteration is easier to implement, and the computational time is shortened compared with the
Newton—Raphson method. The plane-stress condition is considered for the biaxial loading conditions to confirm the
convergence of the fixed-point iteration. 3-dimensional tensile specimen is considered to compare the computational
times in the ABAQUS/explicit finite element analysis.
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Fig. 1. Yield locus of Eq. (2) on the 7-plane (before (o, =1)
and after (o =2) the strain hardening).
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yield function without strain hardening. The plane stress
condition was imposed. The interior ellipse indicates the
yield locus in the plane stress condition.
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Fig. 4. The number of fixed-point iterations with ||Ag|=
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Fig. 5. Finite element mesh of tensile specimen.

Fig. 6. The number of sub-increment in ABAQUS/Explicit computation.
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Fig. 7. The number of fixed-point iterations in ABAQUS/Explicit computation.
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Fig. 8. Comparison of force-displacement curves of the
tensile specimen.

Table 1. Comparison between computational times in ABAQUS/
Explicit

Iteration scheme Wall clock time

ABAQUS material 1505 sec
Newton-Raphson iteration (UMAT) 6881 sec
Fixed-point iteration (UMAT) 5365 sec
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