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Finite Element Analysis of Inelastic Thermal Stress and Damage Estimation of
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Abstract

LMFBR (Liquid Metal Fast Breeder Reactor) vessel is operated under the high temperatures of
500~5007C. Thus, transient thermal loads were severe enough to cause inelastic deformation due
to creep-fatigue and plasticity. For reduction of such inelastic deformations, Y -piece structure in
the form of a thermal sleeve is used in LMFBR vessel under repeated start-up, service and shut
~-down conditions. Therefore, a systematic method for inelastic analysis is needed for design of the
Y -piece structure subjected to such loading conditions. In the present investigation, finite element
analyses of heat transfer and inelastic thermal stress were carried out for the Y-piece structure
in LMFBR vessel under service conditions. For such analyses, ABAQUS program was employed
based on the elasto-plastic and Chaboche viscoplastic constitutive equations. Based on numerical
data obtained from the analyses, creep-fatigue damage estimation according to ASME Code Case
N-47 was made and compared to each other. Finally, it was found out that the numerical
prediction of damage level due to creep based on Chaboche unified viscoplastic constitutive
equation was relatively better compared to elasto-plastic constitutive formulation.
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Fig. 2 Temperature variations of Na in the vessel
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(b) Ar gas layer and Y-piece
(c) Y-piece alone
Fig. 3 Schematic diagram of the analysis model used
in the present analyses
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Table 1 Thermal properties of 316 stainless steel and argon gas used in the present heat transfer analysis
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Material Density (kg/mm?®) Specific heat (J/kg’C) Conductivity (J/sec mm®*C)
316 stainless steel 8000 x10~° 500 21.5x107%
argoh gas 1.78x107° 522.1 1.3318x107°
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(b) Shut-down
Fig. 4 Temperature distributions obtained from heat
transfer analyses at different periods
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Table 2 Material parameters of 316 stainless steel used in two different analyses cases at 600°C “”

Young’s modulus
152
(MPa)
Case . Yield stress
) Thermal expansion 18.32%10-° (MPa) 143
coeff.(1/°C) ) a
. . Hardening slope
Poisson’ t .
oisson’s ratio 0.336 (MPa) 5500
Case n K(MPa) k (MPa) C(MPa) ¥ k+Q(MPa) b
(i) 12 150 6 24800 300 86 10
130= A 100= A
101= B 7% = B
721= C 51 = C
433= D 26 = D
146= E
b
D
(a) After statr-up
(MPa) (MPa)
185 = A 155 = A
144 = B 114 = B
103 = C 81 = C
619 = D 550 = D
207 = E 296 = E

(b) End of the first cycle
Fig. 5 Mises stress distributions obtained from in-
elastic analysis using the elasto-plastic con-
stitutive equation at two different periods

(b) End of the first cycle
Fig. 6 Mises stress distributions obtained from in-
elastic analysis using Chaboche viscoplastic
constitutive equation at two different periods
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Fig. 7 Comparison of the stress components with

time during the first cycle obtained from in-
elastic analysis using the elasto-plastic con-
stitutive equation
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Fig. 9 Comparison of hysterisis curves obtained from
the two inelastic analyses at two location
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Table 3 Results obtained from the damage esti-
mation analysis
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