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Table 1  Chemical composition of TC4 material (ω/%) 

Ti Al V Fe Zr Mn Mo Sn Nb Pd 

88.16 5.18 3.91 0.15 0.10 0.10 0.50 0.50 0.50 0.19 
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Table 2  Axial tension and compression fatigue test results (R=0.1) 

Serial number Maximum stress/MPa Fatigue life/
10

4 

cycle 

4 496.1 1000.2 

5 541.2 1002.7 

6 631.4 1002.7 

10 676.5 1000 

11 631.4 1000.2 

12 676.5 1000 

13 721.6 9.6 

14 676.5 14.6 

16 586.3 1002.7 

17 676.5 1000.1 

18 721.6 1000 

19 766.7 5.6 

20 721.6 5.0 

21 676.5 1002.7 

22 721.6 196.9 

23 721.6 7.7 
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Fig.1  Axial tension and compression fatigue test results (R=

 

–1) 
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Fig.2  Accumulated damage of TC4 material 
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Table 3  Parameter values of TC4 material 

R 
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Fig.3  Comparison of three kinds of calculation methods 
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Fig.4  Description of compressor flow field: (a) three-dimensional 

single sector flow field channel’s boundary and (b) two- 

dimensional flow field boundary condition 
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Fig.5  Gambit model of single sector flow field 

Rotor interface 

Stator blades 

Rotor blades 

Inlet 

Stator interface 

Onlet 

a 

b 

Direction of 

motion 

(ω=11383 r/min) 

Blade pitch=0.04369 m 

350 400 450 500 550

 

 

 

 

 

 

Stress, σ/MPa

 

100

10

1

F
a
t
i
g
u
e
 
L

i
f
e
,
 
N

/
�

1
0

5
 

c
y
c
l
e
 

Test data 

Chaboche damage model 

Wöhler curve model 

BPNN model 



�116�                                           ��� !"#$%                                           & 47' 

 

 

 

 

 

 

 

� 6  Fluent()���� 

Fig.6  Fluent periodical model of flow field 
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Fig.7  Aerodynamic peak load of compressor blades: (a) pressure 

surface and (b) suction surface 
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Fig.8  Time domain history of the mean aerodynamic loads 
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Fig.9  Time domain history of vibrational stress: (a) maximum stress 

point of blade and (b) tip node of leading edge 
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Fig.10  Calculation results of reliability distribution of blades 
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Nonlinear Accumulated Damage and Reliability Research 

of TC4 Material Used in Aero-engine Blades 

 

Li Bingqiang 

(Shenyang Institute of Technology, Fushun 113122, China) 

 

Abstract: To determine the damage and life distribution of TC4 material used in aero-engine blades under different stress ratios, axial tension and 

compression fatigue test was conducted. Nonlinear damage evolution equation was put forward for TC4 material based on Chaboche nonlinear 

damage model and the fourth strength theory. Computation results were compared with Wöhler curve and BP neural network model. According to 

the simulation and calculation results of the flow field of compressor blades in the maximum continuous working condition, the stress-time history 

for blades was calculated. From the viewpoint of energy dissipation, the residual strength model of TC4 material was described based on stress 

strength interference. Combined with Poisson stochastic process, reliability prediction of the aero-engine’s compressor blades at maximum 

continuous working condition was accomplished. 

Key words: blades; TC4 material; nonlinear damage; reliability 
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