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A New Algorithm for the Integration of Thermal-Elasto-Plastic
Constitutive Equation

Dong-Wook Lee and Hyo-Chol Sin
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Mapping Algorithm (B# A} <zl &),
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(47 2.2}y, Angular Error (3}3F2.3})

Abstract

Return

3-Point Approximation(3d A3,
Iso-Error Map(5-2at4 %), Radial Error

A new and efficient algorithm for the integration of the thermal-elasto-plastic constitutive
equation is proposed. While it falls into the category of the return mapping method, the algorithm
adopts the three point approximation of plastic corrector within one time increment step. The
results of its application to a von Mises-type thermal-elasto-plastic model with combined harden-
ing and temperature-dependent material properties show that the accurate iso-error maps are
obtained for both angular and radial errors. The accuracy achieved is because the predicted stress
increment in a single step calculation follows the exact value closely not only at the end of the
step but also through the whole path. Also, the comparison of the computational time for the new
and other algorithms shows that the new one is very efficient.
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Table 1 Material properies of mild steel®

Temperature 250°C 350°C
Young’s modulus (GPa) 200.0 182.5
Plastic modulus (GPa) 22.20 20.25
Poisson ratio 0.34 0.36
Thermal expansion coef. 12.5E-6 13.1E-6
Initial yield stress (MPa) 222.5 188.0
Shear modulus (GPa) 74.6 67.1
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(a.l) Radial error (a.2) Angular error

(a) Simo’s algorithm

(b.1) Radial error (b.2) Angular error (b.3) Total error
(b) New algorithm

Fig. 4 Iso-error maps of Simo’s and new algorithm for initial uniaxial tension case (JH,=contour
interval)

(a.2) Angular error (a.3) Total error
(a) Simo’s algorithm

(b.1) Radial error (b.2) Angular error (b.3) Total error
(b) New algorithm

Fig. 5 Iso-error maps of Simo’s and new algorithm for initial biaxial tension case (4H.=contour
interval)
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Fig. 6 Iso-error maps of Simo’s and new algorithm for initial pure shear case (4H,=contour interval)
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Fig. 8 Total iso-error maps for kinematic and combined hardening (4H,=contour interval)
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Fig. 9 Comparison of Simo’s and new algorithm with

subdivisions (nsub=no. of subdivisions, 4H,=
contour interval)

Table 2 Comparison of computing time for iso-
error map

Simo’s algorithm New
N=1|N=10|N=20|N=30|N=40|N=50| N=1
2.69 | 3.58 | 4.77 | 5.77 | 6.76 | 7.69 | 3.40

Unit : second

N : Number of subdivisions.
CPU : Intel 80486DX2-66 MHz.
Computing points=441 points.
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