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Elasto-Plastic Finite Element Analysis in Consideration of Phase
Transformations

M.G. Lee, S.J. Kim, W.C. Jeong

Abstract

An elastic-plasticity model during the austenitic decomposition was derived and implemented to incorporate the two
important deformation behaviors observed during the phase transformations: the volumetric strain and transformation
induced plasticity due to the temperature change and phase transformation. To obtain transformed phase volume
fractions during cooling, the fourth order Runge-Kutta method was used to solve the Kirkaldy’s phase kinetics model
which is function of temperature, austenitic grain size and chemical composition. The volumetric strain was calculated
by considering the densities of constituent phases, while the transformation induced plasticity was based on the micro-
plasticity due to the volume mismatch between soft austenitic phase and other harder phases. The constitutive equations
were implemented into the implicit finite element software and a simple boundary value problem was chosen as a model
problem to validate the effect of transformation plasticity on the deformation behavior of steel under cooling from high
temperature. It was preliminary concluded that the transformation plasticity plays a critical role in relaxing the
developed stress during forming and thus reducing the magnitude of springback.
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Table 1 Chemical compositions used in the
simulations (unit: wt%)

C Si Mn P S

02~025 =025 =13 =0.025 =0.002

Temp.

800°C

d=10mm

Loading | Cooling

Unloading

time
Fig. 1 Schematic illustration of the three point
bending simulation
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Fig. 2 Deformed sheet specimens after springback for
three different constitutive equations.
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Fig. 3 Stress history during cooling for two different
cases.
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