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Table 1 Chemical composition of commercial pure titanium
TA2 (w/%)

Fe C ) N H Ti

0.08 0.02 0.13 0.01 0.001 >99

F2 TArdEsk TA2 HE1ERE
Table 2 Mechanical properties of commercial pure titanium

TA2
Elastic Yield Tensile Elonaation/%
modulus/MPa  strength/MPa strength/MPa 9 0
99 510 158 441 68.26
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Fig.1 Fatigue crack propagation test equipment, samples and

DIC test platform
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Fig.2 Schematic of sequential loading sequence for K-increasing

fatigue crack growth test



% 8

R 755 FT DIC 5 Irwin #E7Y ) TV A Bk R 55 RBU IR R4S I RAE

+2817 -

2 HRREITIR

2.1 TA2-CT i Z REBEIEFZTRHYUT R

Tolkaigk TA2 P57 RAY Rl R wE 3 fr
o M 3a ATDLEH: MIEH E i KEA 1.0 kN
I, BEE DGR BN, 9% 57 R A R IR H A
i, 5000 KGN JE R AK K& 0.12 mm; Y4
TEIR AR B KAE R 1.2 kN B, 440y J@ &4 Frig i,
{H A A B AR 2 9% 57 Ay R B, 12 B T 8 5/
HARPE RGO TR0, 6 B PR L 5 DR e A /D
MAE IR AT B KA 1.4, 1.6 kN I, 3774 755 4
SURRRE Y RBY B, (7] I 48047 I (L BR O, AH R4 2 T
NIRSY KK, UIFHE MR KESN 1.8 kN
W, S5 RAFEYT G RAE T R [FR R I 5T
Rud K FEAa BEAH AT A EEm. HE 3b
ALK I PR E A s ORMEA 1.4, 1.6, 1.8 KN B,
W05 RO Y R, ¥R AR R 758 B R 0 (1 3
BN, I H Tk aisk TA2 (g 57 Had Rk R s
JS7 75 FE DR T M, AE XU B AR RN AR TE R R
IR AT AL AT, ZEA0d™ 2 o 2 B A7 1Y 0 T B e 3
K, G HTRRMAEY REREK, —EEHE
BENIE T Ry RS B
2.2 HGRIHMBEIRNTIHRES L
221 REEELIRBEEY

TENEH G K 9% 57 R8T e e, B[R BE — & 1K
HOGIARAE 5 NELLAGI IR LR IE A B ALY, LA
A R AN 957 55 RS0 R Tk R R R L SR BE B AR 3 T A
B . AR R TA2 G0 w8 A% 7 6 178 B4 2 et K
PRI RE AR E 4 Fros, EIFCRE T SR AT
N BRI RN R B R AT I IR R A0 AR . N
Bl 4 af LUK . B8 B PR RS0 (R3S O, 1R 8 i 3
m, REURAEY R, ROEKERM, RO NALE
WK Gy it AR R ar g 1) 838 ) 4y A K A AR
1, BB B N, AT b AR Iy W R AR A i

TRA s [R]INE Fif E 0 R A A 1R 3, 40 v Y 3 )
YK AW K.
222 PIRBAT T HLCR 5% KRy X 4
(1) Gl B X

9% 57 L0 i (K106 A BB M AR AR N G 1 IR
A1, N LIRS E AR, AT TR A% 55 AL
It R rp B L0t B ST X PO 08 T 28 1k A TR i o B
BT 98 57 R AR I I B ) AR v, CT RE 1 78 T X 37T
BNy R R X (58 1 XD, A X (5
2 PR MFRIEX (5 33tk B, [{ sa il T

18 2
= LOKN Fracture
[ )
16F
v
14+ o
£
£
® 12}
Aa=0.12
10; -
8
0 5000 10000 15000 20000 25000
N/cycle
da/dN = 7.56x107-AK?** b
0.01F = 1.0kN
e 12kN
A 14KkN
v 16kN
= 1E3F | gk -
% °
=)
‘_5 A
1E-4}
[ ]
Abo A
L}
[ ]
0 1 1 1
5 10 15 20 25 30 35
19(AK)

Kl3  Tkzighk TA2 97 Ry R 45 R CGREKZRETE
IR REY REE S AK FIKR)D
Fig.3 Fatigue crack growth test results of commercial pure titanium

TA2: (a) variation of crack length with cycle number;

(b) relationship between crack growth rate and AK
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Fig.4 Evolution of strain field at crack tip of commercial pure titanium TA2 with load and cycle number: (a) P=1.2 kN, 9990 cycle;

(b) P=1.4 kN, 14 990 cycle; (c) P=1.6 kN, 19 990 cycle; (d) P=1.8 kN, 23 301 cycle
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Fig.5 Division of crack tip region under cyclic loading (a) and schematic of strain loop in cyclic plastic zone (b)
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Table 3 Size of cyclic plastic zone under different cyclic loads
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1.2 9990 9.915 9.847 0.317 1.571
1.4 14990 10.637  12.387 0.501 2.482
1.6 19990 12,534  17.602 1.013 5.003
1.8 23301 15.121  28.056 2.573 12.912
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Fig.7 Evolution law of elastic-plastic zone at crack tip of commercial pure titanium TA2 with different load and cycle number: (a) P=1.2
kN, 9990 cycle; (b) P=1.4 kN, 14 990 cycle; (c) P=1.6 kN, 19 990 cycle; (d) P=1.8 kN, 23 301 cycle
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Characterization of Cycle Strain Field of Commercial Pure Titanium at Fatigue Crack
Tip Based on DIC and Irwin Model

Dai Qiao’, He Jueheng', Zhou Jinyu?, Chen Xiaoyang', Jiang Xueyan®
(1. School of Mechanical Engineering, Jiangsu University of Technology, Changzhou 213001, China)
(2. School of Mechanical and Electrical Engineering, Jinling Institute of Technology, Nanjing 211169, China)

Abstract: In order to realize the characterization and regional division of cyclic strain field at fatigue crack tip, digital image correlation (DIC)
method and Irwin model were used to study the crack growth law, experimental division method of cyclic strain field and the evolution law of
cyclic strain loops of commercial pure titanium TA2 compact tensile specimen under multi-level fatigue loads. Firstly, the fatigue crack growth law
of TA2 compact tensile specimen was obtained by the multi-level loads fatigue experiment. On this basis, combining DIC method and Irwin model,
the experimental division method of cyclic strain field at fatigue crack tip was established, and the division of cyclic plastic zone, monotonic
plastic zone and elastic zone was realized. On the other hand, the hysteresis loops in different regions were obtained by DIC method, and the
differences of strain loops in different regions were discussed. Thus the effectiveness of the division method was demonstrated, and the evolution
law of strain field at crack tip from elastic zone, monotonic plastic zone to cyclic plastic zone during crack growth was revealed. The research
work in this paper provides an experimental method to characterize the cyclic strain field at crack tip for the study of fatigue crack growth behavior,
which can meet the needs of the experimental study of fatigue crack growth.

Key words: DIC; cycle strain field; fatigue crack; commercial pure titanium TA2
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