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Numerical implementation of a constitutive equation of transformation plasticity in
welding
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Abstract

Finite element analysis of welding processes, which entail phase evolution, heat transfer and deformations,
is considered in this paper. Attention focuses on numerical implementation of the thermo-elastic-plastic
constitutive equation proposed by Leblond in consideration of the transformation plasticity. Based upon the
multiplicative decomposition of deformation gradient, hyperelastic formulation is employed for efficient
numerical integration, and the algorithmic consistent moduli for elastic-plastic deformations including
transformation plasticity are obtained in the closed form. The convergence behavior of the present
implementation is demonstrated via a couple of numerical examples.
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Fig. 3 The temperature history of point ‘A’

Fig. 1 Test butt-welding process.
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Fig. 5 The plastic hardening variable of ¥ -based
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Table 1 Material Properties

temperature( ° O) 20 700 1500
Young’s modulus(MPa) 200700 | 100000 | 1500
Poisson ratio 0.3 0.3 0.3
Yield stress of pearlite and
bainite(MPa) 425. 110 30
Yield stress of martensite(MPa) 750 210 50
Yield stress of austenite(MPa) 220 100 50
Hardening coefficient for all 2000 2000 2000
phases(MPa)
Thermal expansion of
O -based phase 0 0.025
Th 1 ion of Y -
ermal expansion of 00115 0.0225
based phase
Conductance( W / mm°K ) 0.046 0.029 | 0.55
Enthalpy(.J / mm?®) 147 395 | 701
. 3
Density(kg /m” ) 7800. | 7600 | 7300

Table 2 The average of each time step for the butt-
welding process analysis.

The average iteration of
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