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Study for Fatigue Crack Propagation Behavior of Ti-alloy

While Jung(Mechanical Eng. Dept. CNU), Kyu-Zong Cho(Automobile Eng. Dept. CNU)

ABSTRACT

Ti-6Al-4V has been used widely in biomedical field. But because of its toxicity, the B stabilizing element, V, in Ti-6Al-
4V has been replaced by Nb, Ta. Ti-10Ta-10Nb has been developed for biomedical applications. The fatigue crack
propagation behavior of Ti-alloy(Ti-10Ta-10Nb) was investigated, in comparison with that of pure Ti. In order to better
understand the fundamental fatigue behavior of Ti-10Ta-10Nb, rotating bending fatigue tests have been carried out. Ti-10Ta-
10NbD has a better fatigue strength than pure Ti. In this paper, fatigue life has been predicted with Nisitani’s equation of the

fatigue crack propagation that can be established by measuring fatigue crack growth rates.
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Table 1 Chemical composition of specimens

Pure Ti (Wt%)
N H Fe O Ti
0.001 0.001 0.08 0.11 BAL
Ti-10Ta-10Nb (Wt%)

Ta Nb Ti
9.23 10.22 80.45
Table 2 Mechanical properties of specimens
Tensile Yield Vickers
Material Strength Strength hardness
(Mpa) (Mpa) HY
Pure Ti 487 364 662
Ti-10Ta-10Nb 630 510 1396
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Fig. 2 Geometry of Specimen
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Fig. 3 S-N Diagram of specimens

F Age g 3y FYHZAER=-1)S
AAS 43 Z23A(Se)= Pure Ti 9} Ti-10Ta-10Nb
Z+7} 216.41Mpa ¥ 300Mpa ©1 31t}
3.3 Wzagzo|e oith=Hu|of A
Fig. 4 & 932%0] e ANEA diste] HE
A A D2 A(Se)e] 110%, 105%, 100%, 95%,
90%2 FHE3Fo] ZHFE W Y HEARY)
aysh W8 AN #AE verd Zolch

30
»s L ¢ 1,10Se ‘
= = 1.053e
N op |4 ¢ 1.00Se
E 40,955 |0 =
¢ S x0908e e
E 10 o= . 2 :
O S - l..‘af,
o, s
0 M
1.E+04 1E+0S
Number of cycle{N)

Fig. 4 Relation between crack length and number of
cycles for Ti-10Ta-10Nb
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Fig. 5 Relation between crack length and cycle ratio
for Ti-10Ta-10Nb
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Fig. 6 Relation between crack length and cycle ratio
for Ti-10Ta-10Nb
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Fig. 7 Relation between crack length and fatigue
crack growth rates for Ti-10Ta-10Nb
Table 4 Experimental constants for the equation
d2a/dN=C(2a)°

Applied Stress/Se p C
1.10 1.6521 0.00020
1.05 1.4084 0.00010
1.00 1.5838 0.00009
0.95 1.5980 0.00008
0.95 1.5726 0.00011
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Table 5 Comparison of predicted and

experimental values

CYfle Applied | Numberofcycles | g

(;a;;)r) Stress/Se Nexp Npre (%)

0.5 1.10 14000 13714 2.04

1.05 20500 21319 | -3.99
1.00 22500 22487 | 0.06
0.95 26100 26960 | -3.29
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0.90 30000 | 29509 1.64
1.10 25000 | 24233 | 3.07
1.05 36500 | 37134 | -1.74
0.9 1.00 38500 38331 | 0.44
0.95 45000 | 43493 | 335
0.90 54000 51650 | 4.28

(Nexp: Experimented number of cycles,

Npre: Predicted number of cycles)
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