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Prediction of fatigue crack initiation and propagation based on micro-plasticity

Tsutsumi, Seiichiro
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Predicting the mechanical fatigue phenomena of materials subjected to cyclic stres

ses, the mechanisms on generation and accumulation of inelastic deformation has to be clarified. In this s

tudy, numerical study based on both macro- and crystal-plasticity FE modeling are conducted to evaluate th

e mechanical responses under cyclic loading condition. Then, the effects of iInclusions on the fatigue beha

vior at the stress level lower than the yield stress, i.e macroscopically elastic condition, was simulated
and compared with the experimental result of a carbon steel.
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(a) ramdom oriented 27 crystals and boundary
condition

(b) model O (no-inclusion)

(c) A (close-set)

Fig. 1 Analyzed FE models of (a) random-oriented
27grains with boundary condition, and alignment of
inclusions of (b) model O, (c) model A and (d) model
B (volume fraction 1-2%).



Table 1 Classification of analyzed models and
material parameters

model names and material parameters

odel O models A and B
(with elastic-inclusions)
Eo=206 (a) (b) (c) (d)
(GPa) Eo/10 Eo/2 Eo*2 Eo*10'
(v=0.3, =1.0, #=0.1, tc0 =85, q=—170 and
a=10)
500
o : Exp. daka (SM400B)
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Axial strain
Fig. 2 Stress-strain curves predicted by the model
O together with the experimental results for
SM400B material.

(a) & =0.0017

(b) £=0.0021

(c) £=0.0029

Fig. 3 Evolution of accumulated plastic strain
predicted by model O with increase of axial strain
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Fig. 4 Expanded stress-strain curves around first
yielding points predicted by the models O, A(a)-(d)
and B(a)-(d) together with the experimental results
for SM400B material.
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Fig. 5 Stress-strain curves predicted by the models
A(c) and B(c) under cyclic forced-displacement
condition.
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