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A MULTIAXIAL LOW-CYCLE FATIGUE MODEL CONSIDERING
NON-PROPORTIONAL ADDITIONAL DAMAGE

Cui Xiangyang Hong Kecheng
(State Key Laboratory of Advanced Design and Manufacturing for Vehicle, Bhdyan University Changshat10082,Ching)

Abstract In the actual working environment, the mechanical structure is often subjected to multi-axial non-proportional
cyclic load. Compared with the multiaxial proportional cyclic load, the multiaxial non-proportional cyclic load has an
additional strengthening phenomenon, resulting in a decrease in the fatigue life of the mechanical structure. With the anal
ysis of the stress and strain variation and the failure location of thin-walled cylindrical specimen under non-proportional
loading conditions, a new low cycle multiaxial fatigue life prediction model considering multiaxial non-proportional ad-
ditional damage is proposed based on the critical plane approach. The new low cycle multiaxial fatigue life prediction
model takes the maximum shear strain plane as the critical plane, and proposes a new additional strengthening facto
which combines the shear strain amplitude and the normal strain amplitude on the critical surface to form a new low
cycle multiaxial fatigue damage parameter. This new low cycle multiaxial fatigue damage parameter not only considers
the fatigue damage caused by the positive strain amplitude and the shear strain amplitude on the critical surface unde
non-proportional loading, but also considers the influence of the strain path change and the non-proportional loading sen
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sitivity of the material on the fatigue life of the material. Considering the fact that the additional strengtherfiitgerde

of the material required by the model is sometimeHdlilt to obtain, the approximate calculation formulas of the addi-
tional strengthing cd@cient of the material is given. Only the basic mechanical parameters of the material can be used
to obtain additional strengthening dheient of the material, which is convenient for practical application of the project.
The fatigue life data of eight materials were used to test the new low cycle multiaxial fatigue life prediction model. The
results show that the new low cycle multiaxial fatigue life prediction model has higher life prediction accuracy than the

traditional multiaxial fatigue life prediction model.
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Fig.1 Schematic diagram of specimen
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Fig. 2 Stress-strain state of the test piece under tension and twist
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Materials E/GPa oy/MPa  oy/MPa  o(/MPa & b c g n Loading path Refs.
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Fig. 7 Eleven kinds of loading paths
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