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Micro/macro trans-scale numerical simulation for the fatigue
failure process of TBS titanium alloy plate specimens

TANG Xue-song, LIU Tang, PENG Xu-long
(School of Civil Engineering, Changsha University of Science and Technology, Changsha 410114 ,China)

Abstract: The numerical simulation for the trans-scale fatigue failure process of TB5 titani-
um alloy plate specimens from the initial micro-defect to the macroscopic fatigue fracture is
investigated. The fatigue damage degree can be represented by the restraining stresses. The
micro/macro fatigue failure process can be described by the restraining stress zone crack
model. Taking the micro/macro trans-scale strain energy density factor as a controlling pa-
rameter for the fatigue crack propagation, a micro/macro trans-scale numerical simulation
approach for the fatigue process is developed. Adopting three scaling functions and the size
of initial micro— defects at the fatigue source position, the influence of microscopic effects
on the fatigue lives of specimens can be taken into account. The numerical simulation calcu-
lations are performed for the TB5 titanium alloy smooth plate specimens (stress concentra-
tion factor K, =1) and the notched plate specimens (K, =3). The results show that the cal-
culated S-N curves can accurately fit the experimental S-N curves. With consideration of

the microscopic effects, the scattered test data of fatigue lives of specimens can be re-pro-
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duced by the proposed approach.
Key words: fracture mechanics; titanium alloy; S-N curve; fatigue crack growth; micro/

macro trans-scale analysis; microscopic effect
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N 8 7 S-N Table 4 Values of two parameters C and n and
the calculated S-N curves under the different
’ evolution path: K, =1
2

2,R=0.1,K,=1
Table 2 Calculated values of fatigue life under the

different initial micro-defects; path 2, R=0.1, K,=1

6 max/ MPa N, /(X10%) ao/pm
1 000 8,9.10,12 15.5,15.2,15.0,14.6
900 18.20,21 14.9,14.7,14.6
850 19,28,29,30 15.5,14.7,14.6,14.5
800 23,40 15.8,14.6
680 50,70,100 16.0,15.3,14.6

630 30,50,600,10 000 18.2,16.9,12.0,8.2

2,R=0.1,K,=3
Table 3 Calculated values of fatigue life under the

different initial micro-defects: path 2, R=0.1, K, =3

1 2 3

C=8.825X10"12 C=1.710x10"1 C=09.873X10"8

n=2.692 n=2.692 n=2.692

o max/ MPa N_/ O max/ MPa N_/ 6 max/ MPa N‘/

1 000 10 380 1 000 10 034 1 000 10 424
900 18 300 900 17 688 900 18 377
850 24 891 850 24 059 850 24 996
800 34 496 800 33 343 800 34 641
680 82 743 680 79 977 680 83 092
630 124 826 630 120 654 630 125 352

5 C.n
S-N K, =3

Table 5 Values of two parameters C and n and the calculated

S-N curves under the different evolution path: K, =3

1 2 3

C=8.825X10"1" C=1.710X10"1 C=9.873X10"8

6 max/ MPa N /(X10%) ao/pm n=2.692 n=2.692 n=2.692
500 5,5.3,5.6,6.6 12.2.12.1.12.0,11.9 omax/MPa Ny 6 max/ MPa Ny omax/MPa Ny
450 7.8,8,9,10 12.4,12.3,12.1,11.9 500 4 647 500 4 452 500 4701
400 12,13,14 12.7,12.6,12.5 450 8 189 450 7 846 450 8 284
350 19.21,31.35 13.2,13.1,12.4,12.2 400 15 433 400 14 785 100 15612
300 25,30,70,80,10 000 14.3,14.0,12.4,12.1,6.2 350 31 664 350 30 336 350 32 032

300 72 604 300 69 558 300 73 448
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