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Low cycle fatigue behavior of cast aluminum alloy ZL 101
under multi-axial loading
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Abstract: Multi-axial low cycle fatigue behavior of cast aluminum alloys ZL101 at different equivalent strain ranges
under proportional and non-proportional loadings were studied, the dislocation substructures of ZL101 were observed by
TEM. The results show that the aluminum alloy shows cyclic hardening both under multi-axial proportional and
non-proportional loadings, while the cyclic additional hardening is shown under non-proportional loading, but the level is
low. The multi-axial fatigue life decreases as the equivalent strain amplitude increases under both of multi-axial loadings.
The fatigue life under non-proportional loading is less than that under proportional loading at the same equivalent strain
amplitude. The deformation substructure examination reveals that with increasing equivalent strain amplitude, the
dislocation structure tends to change from cross dislocation bands to dislocation cells. It is easier to form dislocation cells
under non-proportional loading.
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Fig.1 Optical microstructure of cast aluminum alloys ZL101
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Table 1 Loading parameters for multi-axial fatigue tests of

cast aluminum alloys ZL101

Agey/ Agy/ Aes/ Frequency/

Loading path o % o Hr
6 0.30 0212 0212
0.28 0.198 0.198
e 0.25 0.177  0.177 0.5
0.22 0.156  0.156
0.20 0.141 0.141
0.30 0.30 0.30
“ 025 025 025
Z 0.22 0.22 0.22 0.5

0.20 0.20 0.20
0.18 0.18 0.18
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Fig.3 Equivalent stress amplitude responses as function of
number of cycles at different equivalent strain ranges: (a)

Proportional loading; (b) Non-proportional loading
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Fig.4 Curves of equivalent strain amplitude vs fatigue life

under proportional and non-proportional loadings
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Fig.5 Dislocation substructures of ZL101 under proportional

loading at different equivalent strain ranges: (a) Ae.=0.22%; (b)
Aeq=0.25%; () Ageq=0.30%
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Fig.6  Dislocation substructures of ZL10l under non-
proportional loading at different equivalent strain ranges: (a)

Abeq=0.18%; (b) Aceg=0.22%; (c) Aeeq=0.25%
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