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ABSTRACT: Objective To study vibration fatigue performance of TC4 titanium alloy and predict its service life. Methods
The resonance fatigue test was used to analyze the change regularity of stress intensity factor at the crack tip and calculate the
fatigue crack propagation rate under different stress levels. The model of remain fatigue life prediction was created. Results The
stress intensity factor was an effective parameter to characterize the crack propagation rate and was related to crack lengths and
stresses. The calculation results of fatigue crack propagation rate at the initial were in good agreement with fatigue test results at

274 MPa. When the initial crack length was 0.5 mm and the final crack length was 5 mm, the remain fatigue life was 36 577,
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19 090 and 13 865 cycles at 274 MPa, 366 MPa and 422 MPa respectively. Conclusion Under the vibration conditions at —1

stress ratio, the crack propagation is accelerated with increase of stresses. If the initial crack length is longer, the crack propaga-

tion will be bigger under the same stress. The remain life of workpiece can be calculated by model in this paper.
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Fig.3 Amplitude vs. strain-stress curves
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Tab.1 Test parameters
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Fig.4 crack length vs. cycles curves
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Fig.5 Crack lengths vs. first inherent frequencies
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Fig.6 Crack lengths vs. stress intensity factor at constant loads
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Fig.7 Crack propagation rate vs. stress intensity change
values
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Fig.8 Crack propagation rate vs. cycles at 422 MPa
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<212 - * m o OR

2016 4% 09 H

i b = AR (S R E R B, EREY
RO PIE W) &5y, JUHE S 10 274 MPa
i, P A e—5G R RPIR, W
ZEGWIENR, X5 Com EAAEmMEAR —ERR(H
K7 b IR s o i R B S BLAG A H
[[l) o WRSY EERN L EHE T LA, Rl
ARG INAR DR, 31X 55 B 1 A2 A 3
W5 .

2.5 HFEaitEST

X Paris 233 (19) Pimitir s, ]
T 24 SRS YR B BE Y 5 i B R A A 3R
(20) .

Mz%—i—ﬂa (20)

“ C(AK)

e ag WOFFEIREKE; a M IRA L
K o B DUAEAE I 55 2L BON T4 . v AT
AN TR F1 3 56 A I shisk i 1) T A 9% 57 5 4w LA L
{878 W 137, RORTRIWIIR 24801 B A0 T Pk sl ial A
(TR 4 o
251 AREFEAFZTIRAXEOR K F 6

EEXEASCIIRE 251F , PIAR A 0.5 mm,
PEE BRI N 5 mm, TE R4 i s
RN SREY ARG Z LR S-N gk, W
K11 fs . ATHIZERL S8 274, 366, 422 MPa HY4&
T, IRShIEER A 250k 36 577, 19090, 13 865,

500 =

450 | \

400 | \

350 | N

300 | \

250 ~

0 1 2 3 4 5 6 17 38
L8 R IFa/( x 10%cycles)

P11 AR R ) T A 57 7 i it 46

Fig.11 The curve of remain fatigue lives under different stress
intensities

% /1/MPa

252 NAMFEE. FRMERIKERNIRFR
R R HFa

B S IERE RS, B CATAE RO E , ARAR

B RIRTFA , G5 AR SO LRI R

Mg ani&l 12 Froas . AlAIN JJEERT, CAFTEM R
QUK , FIRFAN,

30F= a —=—422 MPa
\ —e—366 MPa

£ \ \ 4-274 MPa
£ 25F N
= TN N
® sl \\ \\\
= N
R N

1.0} N\ N

05} \ \. )

0 05 10 15 20 25 30 35 40
FIAFFAR/( x 10%cycles)

P12 fESE RN ST ARG RS B TR A 97 A7 i i 2%
Fig.12 The curve of remain fatigue lives under constant stress
intensities with different initial crack lengths

3 Hig

1) 280K B AR 2 A — B [ A A%, Bl
FHORER, RS TG
2) R IR 5T, 53] TC4 4k &4

Bk 5% 25 B B i R N 3t W j—;=1.27><

107 (AK)™ , T3 45 R 5 Scmkdr 2 (A — 2
2, 1 274 MPa S50 T 24 o, MR Ray”
Ji& R I (5 TR S5 R W) A BT

3) 3 i A i TR R A AT, A iR AL
KB 0.5 mm, ARG BERE] S mm B, 7E5
F1°R 274, 366, 422 MPa [HZ:1F T, Pk shili 3 & 45
391h 36 577, 19090, 13 865,

2% 3k

[1] BHAUMIK S K, SUJATA M, VENKATASWAMY M
A, et al. Failure of a Low Pressure Turbine Rotor Blade
of an Aeroengine[J]. Engineering Failure Analysis, 2000,
13(8): 1202—1219.

[2] POURSAEIDI E, AIENERAVAIE M, MOHAMMADI
M R. Failure Analysis of a Second Stage Blade in a Gas
Turbine Engine[J]. Engineering Failure Analysis, 2008,
15(8): 1111—1129.

[3] POURSAEIDI E, SALAVATIAN M. Failure Analysis of
Generator Rotor Fan Blades[J]. Engineering Failure
Analysis, 2007, 14(5): 851—860.

[4] RAO S S, GUPTA R S. Finite Element Vibration Analy-
sis of Rotating Timoshenko Beams[J]. Journal of Sound
and Vibration, 2001, 242(1): 103—124.



Bask HoM NS LS RSP R TCA Bk G A 4R 3h 9% 55 2480 TR 5 S 4 7 i T -213 -
[5] SUBRAHMANYAM K B, KULKAMI S V, RAO J S. FE[I]. FIMEAR, 2014, 43(6): 37—42.

(]

[10]

(11]

Coupled Bending-Bending Vibrations of Pre-twisted
Cantilever Blading Allowing for Shear Deflection and
Rotary Inertial by the Reissner Method[J]. International
Journal of Mechanical Sciences, 1981, 23(9): 517—530.
TRARLL, tohil, X, 2. RESEOES RSP Ao
IR AR, ksl 5 by, 2014, 20(33): 7—
11.

ZHANG Jun-hong, YANG Shuo, LIU Hai, et al. Influ-
ence of Crack Parameters on Frequency Veering Cha-
racteristic of Aero-engine Blade[J]. Journal of Vibration
and Shock, 2014, 20(33): 7—11.

SHIH Yan-shin, WU Guan-yuan. Effect of Vibration on
Fatigue Crack Growth of an Edge Crack for a Rectangu-
lar Plate[J]. International Journal of Fatigue, 2002, 24(5):
557—566.

WU Guan-yuan, SHIH Yan-shin. Dynamic Instability of
Rectangular Plate with an Edge Crack[J]. Computers &
Structures, 2005, 84(1): 1—10.

LAU Y L, LEUNG R C K, SO R M C. Vortex-Induced
Vibration Effect on Fatigue Life Estimate of Turbine
Blades[J]. Journal of Sound and Vibration, 2007, 307(3):
698—719.

T, KRR, T, G5 RESECR AT AR
S RS R R SR, RIEHOR, 2015, 44(9): 96—
101.

FAN Bo-nan, ZHANG Yu-bo, WANG Hai-dou, et al.
Effect of Variation in Crack Parameters on the Characte-
ristics of Blades Low-Order Flexural Vibration[J]. Sur-
face Technology, 2015, 44(9): 96—101.

Hithse, M, SCRAE, A BRI ALY R D5 T F

[13]

[16]

CAO Shi-hao, LI Xu, WEN Liang-hua, et al. Analysis of
Propagation Direction of Rail Surface Crack[J]. Surface
Technology, 2014, 43(6): 37—42.

B, B, ALK, GF. BIVERPRIRRCREY R
FETE A SRR AU ], G G R, 2013,
23(7): 1892—1899.

GAO Ying-jun, LOU Zhi-rong, HUANG Li-ling, et al.
Phase-field-crystal Modeling for Micro-crack Propaga-
tion and Connecting of Ductile Materials[J]. The Chinese
Journal of Nonferrous Metals, 2013, 23(7): 1892—1899.
HAM, iz, BRI, 5. Cri2MoV FAR T BT R A
FERHLEBTIE[T]. RIAHAR, 2016, 45(3): 141—157.
HUANG Shu-lin, YANG Yi, YANG Gang, et al. Form-
ing Mechanism of Penetrating Cracks in Cr12MoV
Guide Roller[J]. Surface Technology, 2016, 45(3)141—
157.

HB 5277—84, KahfLi i Bt RHIREh % 55 15086 75 vk
[S].

HB 5277—84, Aero-engine Blade and Material Vibrated
Fatigue Test Method[S].

NEWMAN J C, RAJU I S. Stress-intensity Factor Equa-
tions for Cracks in Three-Dimensional Finite Bodies
Subjected to Tension and Bending Loads, Computational
Methods in the Mechanics of Fracture[J]. Astm Stp, 1986,
2:311—334.

RAEAT. KBS G R AR Ty 2 P RE T 5 1 A B
M]. dbmt: fizs Tl B, 1996.

WU Xue-ren. Handbook of Mechanical Properties of
Aircraft Structural Metals: Damage Tolerance[M]. Bei-
jing: Aviation Industry Press, 1996.



