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Thermal Stress Analysis of a High Carbon Low Alloy Cast Steel
Ingot by the Use of a Viscoplastic Constitutive Equations

Yoshio EBISU, Kazuyoshi SEKINE and Masujiroh HAYAMA

Synopsis :

Apllicability of the temperature and strain rate-dependent constitutive equations proposed by L. ANanp,
which is based on an internal-variable theory, is examined for a high carbon low alloy cast steel.

It is shown that with relatively less number of compression test data these equations can well predict the
stress-strain relations of the material at elevated temperatures in excess of a homologous temperature of
0.5.

Formulation by the finite element method is done based on these constitutive equations to calculate
thermal stress state during solidification and subsequent cooling period of an ingot of the above steel,
which shows that the method described in this paper is useful for analyzing thermally-induced high
temperature problems of castings. The method also offers a simplified, straightforward algorithm of FEM
compared with the classical treatment where the stress-strain relationship is modelled by the combi-
nations of time-independent elastoplasticity and of elastoplasticity and creep.

Key words : constitutive equations ; viscoplasticity ; low alloy steel; ingot casting; thermal stress; finite

element method.
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Fig. 2. Relationship between temperature and
volume fraction of solid for the low alloy steel
calculated using the method by Fusu et al. ref. 16).



HBVERR I & % 08 IR AR A G5 50 0> BRI ) T 2155

3 0% ured |0 5
& , o me ©
§ C of the mold b
E 0.14 A of the ingot 0.14 3
<
E 0.12 4012 <.
g 3
3 010 HJoto T
§ f:’
g 008 A\ of the mold {008 3
& 007 007 ¥
T 0 500 1000 1500 Fig. 3. Thermal properties of the low
TEMPERATURE [°C] alloy steel and a cast iron.
Table 1. Chemical compositions of the low-alloy
cast steel used for analysis (wt% ). Table 2. Values of the material parameters in

C Si Mn P S Ni Cr Mo

AnanD's constitutive equations obtained from Fig. 5.
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Fig. 4. Computational results of the temper-
ature-time curves together with the measured
curve at the location of the ingot shown in Fig. 1.
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Fig. 5. Temperature-dependent material parameters in ANaND's constitutive equations for the low
alloy steel ingot ; these values were determined from compression test data obtained at strain rates
of 1071, 3X107% and 10 %s™ !, and at temperatures of 800, 970, 1140 and 1300°C.
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