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Abstract For the equivalent strain model, the additional strengthening effect of the material cannot be considered during
multiaxial non-proportional loading, resulting in a defect with a large error in fatigue life prediction, based on the pro-interface
theory, the maximum shear strain amplitude was used as the main fatigue damage parameter. At the same time, the phase
difference , maximum normal stress and shear stress were composed of an additional damage coefficient as a secondary damage
parameter to reflect the additional strengthening effect of the metal material under multiaxial non-proportional loading, and the
shear stress on the maximum shear surface in the damage coefficient normalized the maximum normal stress to reflect the
influence of the interaction between the two stresses on the fatigue life. The proposed model not only retains all the advantages of
the equivalent model parameters without introducing additional empirical fitting constants, but also helps to discover the
mechanism of crack generation and reflect the direction of crack elongation. The proposed model and three classical models were
verified by using six kinds of metal material data of thin-walled round tubes, after analyzing the data verification results of each
model, it is found that the prediction results of the proposed model have higher accuracy and more stable data distribution.
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Fig. 1 Strain state of the tension-torsion test piece
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Tab.1 Mechanical property parameter of materials
g FLPERTE Modulus of JiE IR 4 bEL/NAA PR R B Material — BIRIZE 55 ZEU Model
Material elasticiy E/ GPa Yield strength R /MPa Poisson’s ratio empirical coefficient & empirical coefficient s
4li%k Pure Ti 112 475 0.4 0.6 0.3
304 ANEEHN AISI 304 185 352 0.3 0.85 0.6
410 NG AIST 410 200 205 0.3 1 0.6
458 45 steel 190 370 0.3 1 0.7
GH4169 182 1 000 0.325 0.47 0.3
7075-T651 70.7 501 0.33 0.78 0.3
F2 MRESEESE
Tab.2 Fatigue property parameter of materials
PS5O AR K 9 55 P R AL - . s “
bR IR R RESF IR A RESHIENERE I
Material Fatigue strength coefficient Fatigue ductility coefficient Fati trenath b Fatieue ductilit .
T 1gue stren X nen ati > sty ex nen
aterial o/MPa £/MPa atigue strength expone atigue ductility exponent ¢
2%k Pure Ti 647 0.548 -0.033 —-0.646
304 NEEHY AISI 304 1 000 0.171 -0.114 -0.402
410 4540 AISI 410 705 0.157 —-0.058 -0.44
458 45 steel 843 0.327 -0.104 7 -0.545 8
GH4169 1565.2 0.162 -0.086 -0.58
7075-T651 540.5 0.22 -0.08 -0.542
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Tab.3 Average error factor £ under proportional loading

FANTE - RO AT

E (22)

i

E=l E,
n i

AN AR R T B 8
kR Jifi o i*ﬁt FSHE  KBM R *IPLL' E%Ed&
Material ql?lva o FS model KBM model ropose
strain model model
afigk
33 1.18 1.65 1.91
Pure Ti
304 NEEH
AISI 304 3.09 6.48 2.34 3.57
410 NN
AISI 410 2.35 2.45 1.79 1.93
45
1. 1.24 2. 2.2
45 steel 33 83 3
GH4169 2.24 2.99 2.06 1.89
7075-T651 3.05 3.86 6.21 2.5
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Tab.4 Average error factor £ under non-proportional loading

L7l T AN R =) A 56
pi R gy kg NI
Material ql.n\ aen FS model KBM model ropose
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aligk
4.34 1.36 2.52 1.19
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AIST 304 7.73 2.79 7.51 1.52
410 NN
AISI 410 4.12 1.96 2.96 3.15
45
45 steel 2.05 1.97 1.55 1.19
GH4169 4.14 2.31 2.5 1.79
7075-T651 8.36 2.85 5.08 2.14
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