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Analysis of Thermal and Residual Stresses of a Low Alloy Cast Steel
Ingot by the Use of Viscoplastic Constitutive Equations Considering

Phase Transformation

Yoshio EBISU, Kazuyoshi SEKINE and Masujiroh Hayama

Synopsis :

It was found that the applied temperature range of ANaND’s equations based on an internal variable theory,
which describe the rate- and temperature-dependent constitutive relations, can be extended to lower
temperatures less than a homologous temperature of 0.6 for a high carbon low alloy cast steel.
Furthermore, phase transformation was introduced into these constitutive equations, thereby making it
possible to represent stress-strain responses for all temperatures by a set of constitutive equations. To
verify the above treatment under continuous cooling situation, including pearlitic transformation, a com-
pression test with constant strain rate was performed. The result showed a reasonable agreement with the
calculated stress-strain curve and the necessity to take into account 'transformation plasticity’. The main
purpose of this paper is to develop a finite element method based on thus extended constitutive equations
capable of calculating thermal stresses during an entire ingot casting process. The effects of transforma-
tion plasticity were also incorporated. The residual stresses measured at the surface of ingot have shown
a reasonable agreement with the calculated values, verifying the method proposed. Although the analysis
was done for this particular steel ingot, this method should be useful for analyzing other casting processes
and materials.

Key words : constitutive equation; viscoplasticity; low alloy steel; ingot casting; thermal stress; residual

stress; phase transformation; transformation plasticity ; finite element method.
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Fig. 1. Temperature-dependent material parame-
ters in ANAND's constitutive equations for the low
alloy steel ingot? determined from compression
tests. Symbols denote the values determined at
each discrete temperature.
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Fig. 2. Compressive stress-strain curves for
various strain rates at room temperature for the
low alloy steel ingot" : The full lines are theoreti-
cally calculated while experimental data denoted by
symbols.
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Fig. 3. Isothermal and continuous cooling pear-

lite-transformation diagrams for the low alloy steel
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BRRARICEAT S Z LI - TRASFHROBIE T #
WMixfiol:. MBETEHNTHLERDLBNTHA.

(1 )AnanD DOFERFIC & » TR B HIE0-0
FRGEPRBCELIEHRLA. T/, 28=F 1L
T ® & LB HEE R OE O A EE DM & 1T
WEBES AR TCOIH- 0T A RN BHEE
CEREGBG B ERL, KEENELEEET S
PEW AR LTS, MLEX ) BFEIEEZO SR S EiR
CELLBEGETILN- T AILEE 0 OBEER
TETIENREE -7, HAsOMENEREOX T =
X ARHEHRO & T 2 — & —0REEL (RO
A7) FEomIcAE s hTwb RSN S.

(2 )BRDBIE NI FATT 78— T 4 MVERBIROZE
Wk hREW, /3—F 4 PEBEBIERESE 2 S5
US> THER & & b BB+ 5. KRB LC
& o TR B S 05 RIS K B TTER &
%L FORERANS V., BB TR BGET LR 2
245, ZRICBIAPREENOUEHELFEMBEIRY
R—HERLTBY, RaCTRE LB EN+5
ERICHABAZ EERIETE .

B, BERONRTA—5—OREICEHELT, MFia
B oSk BEOR VIO WTERELELETS
A5, o OB AR L & BIEIEIC X BRIk
DPEVEFEBICEE I TWA I LEZEETIE, 2
DL OHE - D A0S  DEHEBMEDIET
BNICHER CThA EEZLNS. RiRIL, HiRTMEAR
% FEM LT/ 2 NKK BRI O KRN-FiiE L
R EHOBFEEFRLET.
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