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Abstract: In order to study the effects of foreign object damage (FOD) on the high—cycle fatigue limit of
aero—engine TC4 blade, the simulated blade was taken as the research object. The air gun method was used to
simulate the foreign object damage of the leading edge of the blade under the impact of prefabricated steel balls
under different working conditions. In order to obtain the fatigue limit of the damaged blades, the high—cycle fa-
tigue test was carried out on the damaged blades. On this basis, the effects of notch residual stress distribution on
the initiation of fatigue cracks and the fatigue limit were explored by finite element simulation. Finally, the fa-
tigue limit of the blade was predicted by modifying the Peterson formula. The results show that the notch size

caused by impact increases with the increase of impact energy. The high—cycle fatigue limit of the blades decrease
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with the increase of impact energy, and the notch depth has a great influence on the fatigue limit. The residual

tensile stress at the bottom of notch may have some effect on the fatigue limit of blade. The error of Peterson formu-

la in predicting the fatigue limit is large, and the error of prediction result after correction decreases from —=30%~

30% to —15%~15%.

Key words: Aircraft engine; Foreign object damage; Simulated blades; High cycle fatigue limit; Finite

element simulation; Residual stress; Prediction
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Fig.1 TC4 simulated blade dimension (mm)

Straight section Transitional section Containment section

Fig.2 Three-dimensional model of simulated blade
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Fig. 3 Impact location

Fig. 4 Impact angle
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Fig. 6 High cycle fatigue test fixture and simulation blade

clamping diagram
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Table 1 J-C parameters of TC4"">*!

Parameter Value Parameter Value
A/MPa 1098 o, /MPa 971
B/MPa 1092 G/GPa 42.9

n 0.93 pl(kg/m*) 4440
¢ 0.014 D, -0.09
m 1.1 D, 0.27
E/GPa 111 D, 0.48
o 0.34 D, 0.014
o /MPa 869 Dy 3.87

Table 2 P-K parameters of GCr15"

Parameter Value
p/(kg/m?) 7810
E/GPa 212
w 0.29
o /MPa 170
E,/GPa 82.5
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Fig. 8 Schematic diagram of damage size
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Table 3 Test result

No. d/mm v/(m/s) L /mm L /mm o,/MPa
1-1 3 200 2.510 0.941 293.84
1-2 3 200 2.615 1.452 149.89
1-3 3 200 2.298 1.144 160.61
1-4 3 250 2.747 1.023 171.43
1-5 3 250 2.955 1.546 120.88
1-6 3 250 3.100 1.354 148.56
1-7 3 250 2.729 1.223 154.24
1-8 3 250 3.134 1.395 144.35
1-9 3 250 3.381 1.491 121.05
1-10 4 200 1.577 1.625 123.22
1-11 4 200 1.529 1.962 132.56
1-12 4 250 2.029 1.558 155.32
1-13 4 300 2.906 0.978 137.84
1-14 4 300 3.065 1.148 198.23
1-15 4 300 3.799 2.278 93.05

1-16 4 300 3.974 2.173 101.27
1-17 4 300 4.016 1.836 112.31

1-18 4 300 2.916 1.584 150.88
1-19 5 250 5.201 2.909 88.20

1-20 5 250 5.117 3.021 112.98
1-21 5 250 5.201 3.301 98.41

2-1 3 250 2.976 1.588 133.24
2-2 3 300 2.941 1.176 120.02
2-3 4 200 2.867 0.785 189.94
2-4 4 250 1.962 2.173 101.18
2-5 4 300 3.995 1.717 105.13
2-6 5 250 4.058 2.075 109.84
2-7 5 250 5.173 3.049 95.32

2206005-5



a4l H11

TC4 R4 G SN0 55 57 1 BR S 39 000 5

2023 4
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(¢) 5mm, 250m/s

Fig. 9 Damage diagram of steel balls with different sizes
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Fig. 10 Distribution diagram of different notch damage

parameters
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Fig. 11 Relationship between fatigue limit and damage

parameters

(a) Simulation result

(b) Test result
Fig. 12 FOD morphology at Smm and 250m/s

Table 4 Comparison of simulation and test results

No. d/mm v/(m/s) Type L,mm
Simulation 1.128

3 200
Test 1.144
Simulation 1.431

3 250
Test 1.395
Simulation 1.638

4 200
Test 1.625
Simulation 2.234

4 250
Test 2.173
Simulation 2.486

4 300
Test 2.278
Simulation 3.361

5 250
Test 3.301
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Fig. 14 Predicted results of Peterson formula
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Fig. 15 Predicted result of modified Peterson formula
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Fig. 13 Distribution of residual stress at the damage position
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