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Abstract Engineering components are always in multiaxial and non-proportional stress states under complex service
loading, and multiaxial fatigue is the primary failure mode during the long term vibration. In the present paper, the
accuracy of multiaxial fatigue life estimation by the widely discussed Kandil-Brown-Miller (KBM) and FS model is in-
vestigated while the shortcoming of Fatemi-Socie (FS) parameter on fatigue life prediction of materials without additional
cycle hardening is pointed out. Considering the dual influence of the additional cycle hardening and the rotation of prin-
cipal stresgtrain axes caused by non-proportional loading on multiaxial fatigue, which results in more fatigue damage,
a new non-proportional influence factor is proposed, which is adopted for a modification to FS critical plane approach.
Experimental results of five materials from tubular specimens under axial-torsional straining using sinusoidal wave forms
in the literature are selected for the model verification. Comparing with FS parameter, the proposed critical plane damage
parameter can significantly improve the accuracy of multiaxial fatigue lifetime prediction, especially for the materials
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without additional cycle hardening due to the non- proportionality of cycle loading.

Key words multiaxial fatigue, non-proportional loading, additional cycle hardening, critical plane approach, life predic-
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Table 1 The mechanical parameters and fatigue properties of

R 1 MBEEANZ SRR G HESH

investigated materials

Materials E/GPa oy/MPa o{/MPa & b c
S460N 208.5 500 834 0.157-0.079 -0.493
1050V 200 435.8 1109 0.292-0.100 -0.456
10507 200 1049 1346 2.010-0.062 -0.725
1050 200 2156 4974  0.529 -0.152 -0.910
16MnR 2125 324.4 966.4 0.842-0.101 -0.618

AlSI304 200 495 798 0.096 —0.055 -0.446
Q235B 206 412 630.7 1.188-0.080 -0.661

i N— IEJORES, QT— HPIRE, IH— k41T

Note: N — Normalized condition QT — Quenched and tempered con-

dition, IH — Induction-hardened condition.
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Table 3 The error criterion of FS model for five materials

Non-proportional, FS model

S460N  Q235B  AISI304 16MnR 1050
EC(2) 0.5833 0.6087 0.5556 0.7143 0.3000
EC(3) 0.8333 0.7391 0.8889 1.0000 0.6000
EC(5) 09167 1.0000 0.8889 1.0000 0.7400
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Fig. 6 Fatigue life prediction based on modified FS model
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Table 4 The error criterion of modified FS model

Non-proportional modified FS model

S460N  Q235B  AISI304 16MnR 1050
EC(2) 0.8333 0.7429 0.5556 0.8571 0.5000
EC(3) 1.0000 1.0000 1.0000 1.0000 0.7500
EC(5) 1.0000 1.0000 1.0000 1.0000 1.0000
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