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Fig.2 Fatigue test data of TC17 titanium alloy obtained in the air and
3.5% NaCl solution
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Fig.8 Fracture characteristics in 645 MPa air environment: (a) macroscopic fracture characteristics and (b) dimple and step features
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Fig.9 Fracture characteristics in 660 MPa air environment: (a) macroscopic fracture characteristics and (b) dimple and step features
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Fig.10 Crack source and surrounding area characteristics of specimen in 3.5% NaCl solution environment: (a—b) single fatigue crack source and

(c) multiple fatigue crack sources
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Fig.11 Fracture characteristics of expansion and instantaneous fracture zone of specimens in 3.5% NaCl solution environment: (a) dimple and

facet features, (b) tearing edge, and (c) dimple and step features

_|‘_x
alls. & s ~ w
Position 1 *i. &
o =~
z
w
=
[*]
L
=
S
w
o
]
2
z
w
=
(9]
8
=
S

12 LU X 3%k SEM A & EDS

1.2

1.01

0.7

0.5}

0.2

0.0
1.0

0.8+

0.6}

0.4+

0.2

0.0

Position 1 in Fig.12a b

C

fo) Ti

e b L

M ASsi oA A T\ X

0.50 1.50 2.50 3.50 4.50 5.50

Position 2 in Fig.12¢ d

[0)

Mg Ca

IR

2.00 6.00 10.00 14.00 18.00
Energy/keV
RETE 7 Hr 45 1

Fig.12 SEM images (a, ¢) and EDS spectra (b, d) of the region near the crack source: (a—b) stress amplitude of 660 MPa and (c—d) stress

amplitude of 645 MPa
4t

% i
DRYE 3.5% NaClIF % 77 550 45 5 T 1, TC17 £k
B A 1E 3.5% NaCLVE R H (1) 73 i 5 N7 B 2 [8] 1R 9% &
YR TEES, NIRAE T P22 585 MPa i, AH M
(R 55 AT R AR R, B9 57 75 i AR 1107 IR

2) 1E = JA IR 57 B B, BB S D MR AE B ) 73 A
BRI 45 5 3.5% NaCl ¥ R 56 45 JE 22 (8 1% 7 1
K, IR G 00 245 R A A L D IR E S oL RS
3.5% NaClVAE L 8 55 77 i 1 S5 UL 4 Y

IR IS 25 Ko vk H LT R, 5 R L5
BRI, BT R PRI ) o P8 DAL - M v AR 4 SR R I 47
A . H TR IR TCL7 X5 57 1 Re i 52
me), DLJE T R, B 7 598 B2 DR T IR AE A R iPAN TC17 K&

4

ST bR 5 AT 5 45 TR IR S PR L

4)3.5% NaCl ¥ ¥ A 858 1R 18 Wr TRRAE A, L34
YR BRI 1 DX 3 AE b T 23 SUIE 0 AR 45 58 IR R , HH I TR
KR EARA R MR IR . TER S e 5 X 3
AT LWL BRI S0 ) 55 J i Rk 4 ol 2R T 1R AE
[ S E T e B 35 1 i, BT VAR AE PR B T 2 A
SUEMIIL G « X% 557 2L SR M XIR A A EHE I T — &
B CLLR A HAMIEE B IR

SE K

[1] Wang Jinlong, Ma Yuxin, Peng Wenjie et al. Engineering Failure
Analysis[J], 2023, 153: 107586

[2] Liu Hanqing(X¥X 7), He Chao(f7] ##), Huang Zhiyong(¥% & 5)
et al. Acta Metallurgica Sinica(4:J&>#4R)[J], 2017, 53(9): 1047

References



5511 3 TR

TC17 %k &4 75 3.5% NaCLiE W B9 55 03847

* 2815

[3] Jin Hexi( 4 1 &), Wei Kexiang(%% 72 i#il), Li Jianming(Z= 2 B)
et al. The Chinese Journal of Nonferrous Metals("F [E 15 th4> J& 2%
)[I], 2015, 25(2): 280
[4] Han Tong(%# J¥), Zhang Junxiao(5K 12 I58), Liu Di(X] %6) et al.
Titanium Industry Progress(Kk TV E)[T], 2025, 42(3): 35
[5] Guo Ping(Z} #), Qiang Fei( 5 3F), Wang Huan( £ XK) et al.
Titanium Industry Progress(Ek TVt J&)[J], 2024, 41(3): 19
[6] Wang Jinlong, Peng Wenjie, Yu Jing et al. Materials Science and
Technology[J], 2021, 37(3): 301
[7] Wang Jinlong, Peng Wenjie, Yu Jing et al. Engineering Failure
Analysis[J], 2020, 117: 104961
[8] Ma He, Li Ju, Tao Bohao et al. Journal of Materials Science[J],
2022, 57(1): 700
[91Li Gen, Ke Lei, Ren Xuechong et al. International Journal of
Fatigue[J], 2023, 166: 107299
[10] Lin Shuang(#k %), Cai Jin(%% %), Wang Gang(E Kl) et al.
Aeronautical Manufacturing Technology( fii == il i& 7 K) [J],
2023, 66(16): 117

[11] Shu Lili(#F 77 /1), Chen Yonghui(F%: 7k #%), Pan Kai(i% 9) et al.
Chinese Journal of Solid Mechanics( [l 14 77 % % %) [J], 2024,
45(4): 488

[12] Guo Ping(%F ), Zhang Qingli( 5K ¥ [l), Qiang Fei(5 IE) et
al. Rare Metal Materials and Engineering(%:i 5 & J& ¥ ¥l 5 L
FH)[J], 2022, 51(11): 4358

[13] Guo Ping(%B ), Pan Hao(# %), Jia Guoyu( ¥ [H £) et al.
Rare Metal Materials and Engineering( % 6 & & ¥ ¥ 5 1.
)71, 2022, 51(1): 301

[14] Li Gen, Guo Yiyu, Rui Shaoshi et al. International Journal of
Fatiguel[J], 2023, 176: 107896

[15] Dong Xin(# #%), Li Peiyuan(Z4= £5 ), Wang Xu(E JB) et al.
Materials for Mechanical Engineering(HUW T F2#1 KB [J], 2014,
38(11): 76

[16] Hui Li([7] i), Zhao Yongsheng(# 7k E), Zhou Song( & #2)
et al. Rare Metal Materials and Engineering(Fi 5 4 )&+ Kl 5 L
F£)[J], 2020, 49(8): 2706

[17] Xu Liang(¥F ), Zhao Qing(#& W), Hui Li([?] WN) et al. Hot
Working Technology(#In 1. 1.2)[J], 2019, 48(20): 37

[18] Jesus J S, Borrego L P, Ferreira J A et al. Engineering Failure
Analysis[J], 2020, 118: 104852

[19] Sun Chengqi, Li Yangqing, Xu Kuilong et al. Journal of
Materials Science & Technology[J], 2021, 77: 223

[20] Baragetti S, Villa F. JOM[J], 2015, 67(5): 1154

[21] Murakami Y. Metal Fatigue-Effects of Small Defects and
Nonmetallic Inclusions[M]. Amsterdam & Boston: Elsevier,
2002: 6

[22] Ding Mingchao, Zhang Yuanliang, Wang Jinlong et al. Materiali
in Tehnologije/Materials and Technology[J], 2020, 54(3): 311

[23] Ding Mingchao, Zhang Yuanliang, Lu Huitian. International
Journal of Fatigue[J], 2020, 139: 105793

[24] Ding Mingchao, Zhang Yuanliang, Lu Huitian. Materials
Performance and Characterization[J], 2021, 10(1): 66

[25] Wang Jinlong( 4 J¥), Gao Sibo( % #I 1), Yang Yuxing(#) F
22) et al. Journal of Harbin Engineering University(Ws /R T2
KEEEEAR)[D], 2021, 42(8): 1203

Fatigue Failure Behavior of TC17 Titanium Alloy in 3.5% NaCl Solution

Yu Guifeng', Wang Jinlong', Shi Zeyu', Peng Wenjie™’
(1. Marine Engineering College, Dalian Maritime University, Dalian 116026, China)
(2. School of Artificial Intelligence, Wuchang University of Technology, Wuhan 430223, China)
(3. Baosteel Central Research Institute, Wuhan 430080, China)

Abstract: To study the fatigue failure behavior of TC17 titanium alloy in salty-water environment, ultrasonic fatigue tests of TC17 titanium alloy
in different medias were conducted and the fatigue properties and failure characteristics were analyzed. The fatigue tests of TC17 titanium alloy in
air and 3.5% NaCl solution were carried out using ultrasonic fatigue test system, and the fatigue lives in different medias under the same stress
amplitude were compared and analyzed. The conversion model of fatigue life in two kinds of media in the “finite life” stage was put forward, and
the stress intensity factors were calculated according to Murakami model and micro-gully model. The fracture characteristics of fatigue test
specimens were observed by SEM, and the effects of 3.5% NaCl solution on fatigue failure characteristics were compared and analyzed. Results
show that in 3.5% NaCl solution environment, the calculated results of stress intensity factor with surface micro-gully as the main variable are
more consistent with the actual failure behavior, and due to the influence of corrosion environment, there are some phenomena such as
“accumulation” of matrix materials and multiple crack sources on the fracture surface.
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