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Table 1  Static mechanical properties of material
E/GPa v/(m/s) o./MPa o,/MPa
110 0.3 940 1200
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Table 2 Fatigue properties of material

B M, b b,

1

1.95 114339 0.0015 0.00045 0.72
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Table 3 Comparison between the computed fatigue lives
and experimental results

N JIKF-/MPa | IR 5 E A cycle P A fi/cycle | AXFIRZE%
690 12467 13333 6.94
552 43058 40922 4.96
483 81553 81778 2.76
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Fig.2 Finite element model

3.2 iR MIR S

R F 3.1 A B TR R T i o i AL, 45 2
F B R R B AR, R 3 i XL AR T T
= FhE v (50m/s, 100m/s, 150m/s) . = F A a(0°,30°,

R LA

AR
K3 bt i A BROCEHL A
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Table 4 Impact simulation cases

a/(°) v/(m/s) h /mm
0 50 0.1041
0 100 0.2117
0 150 0.3127
30 50 0.08819
30 100 0.1837
30 150 0.2788
60 50 0.05103
60 100 0.1096
60 150 0.1752
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Fig.4 Variation of impact pit depth with impact angle and velocity
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Fig.5 Distribution of axial residual stress
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Fig.6  Distribution of residual strain
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Fig.7 Variation trend of axial residual stress along pit depth
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Fig.9 Variation of residual stresses with different impact angles
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Fig.10 Variation of residual stresses with different impact speeds
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Fig.12  Variation of residual strain with impact speeds
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Fig.13  Variation of impact plastic damage with impact angles
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Fig.14 Variation of impact plastic damage with impact speeds
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Life Prediction for the Aircraft Blade with Sand Particles Erosion Damage

You Wenjun', Mei Weiwei', Wang Jizhen?, Yang Qiang?, Zhan Zhixin', Hu Weiping'
1. Beihang University , Beijing 100191, China

2. Aviation Key Laboratory of Technology and Science on Structure Impact Dynamics, Aircraft Strength Research
Institute of China,Xi’an 710065, China

Abstract: In desert environment, when the aircraft engine blade and helicopter blade are running at a high speed, the
dust particles could be inhaled and then hit the aircraft engine blade or other parts, which leads to the erosion
damage. Under cyclic loadings, the fatigue source often occurs around the erosion crater, thus greatly affecting the
fatigue properties of materials. In this study, the approach for fatigue life prediction of titanium alloy blades with
erosion damage is established based on the continuous damage mechanics. Firstly, the formulation of erosion crater
by the impact of dust particle is simulated according to the explicit finite element computation. Secondly, the fatigue
damage model is derived, and the corresponding damage mechanics finite element numerical solution is
implemented. After that, the VUMAT subroutine is completed to predict the fatigue life of titanium alloy blades with
erosion damage. Finally, the fatigue damage and fatigue life of titanium alloy blades under different erosion conditions
are further analyzed. The results show that the greater the impact velocity, the greater the axial residual stress and
the faster the damage rate of the material. Furthermore, the greater the impact angle, the shallower the impact pit
depth, and the higher the fatigue life of the blade. This study provides a feasible method for the fatigue damage
evaluation of engine blades under the influence of sand and dust particle erosion.
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