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Abstract: To address the unknown creep-fatigue damage mechanism of TC4 ELI titanium alloy in deep-
sea multi-factor coupled environment, a high-pressure corrosion test system was used to simulate the
seawater environment at 200, 600 m, and 6000 m in the South China Sea, and the cyclic stress life re-
sponse and damage evolution law of TC4 ELI alloy were systematically studied. The experiment
provided the cyclic stress-fatigue life data of TC4 ELI alloy under different environmental conditions.
The results show that the cyclic stress-life relationship of creep-fatigue in the deep-sea environment can
be characterized by the Basquin equation. The creep fatigue life with guaranteed load time is signific-
antly reduced compared to that of pure fatigue; Under the same loading conditions, the fracture strain
during the fatigue process is equivalent, and the fatigue life depends on the rate of strain increase. The
stable stage of the cyclic strain-time curve shows the superimposed response of the creep rate and the
plastic deformation of pure fatigue. Multiple-source crack initiations were observed on the fracture sur-
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face by Scanning Electron Microscopy, with no obvious crack propagation zone. The fatigue life is
mainly the crack initiation life, indicating that the crack initiation mechanism is different in deep-sea en-

vironments and air.
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0 3%

TC4 ELI(Ti-6Al-4V ELD) & 4 J&— R al o
R ot BEKG 4, B BRI S TC4 BG4
/) O, N, C A EBICE M Fe HFHEBPICE S, BF
PRI H BT AP | Pk A VERE SRR VERE, BUA TR
VR 2% (AN R TR AR RS0 A% Db L 2 —12,
TR 2 B A AR 2t R rh R AR A2 M g K g L AR
RIS S R B2 CL A B A5V E H, [] st X]
B PR T T T 2 A2 AR AT R R SN2, B0
b T e 2 2% B4 T A8 99 57 58 L A3 [ A e 2 4t
Pty EARRRTRED | ATt 45 H4 AR SR8 57 R A0, 4%
SR A IR A e 4 I, BAAf TC4 ELI &4 7E
TRIGEREE T (IR AR - 554 T AU, X OR B R A
(AT SE RN A AT A, B OC 2

JUE A WS AR R TC4 ELL 4 45 1 28 I i 2
FARSE I 55 M BE TR 1340 TAES, (B 23
T — PB4 I A5 1, Mk LA ECSC S IR T 2
R Z AR A IR A S 2k . A WF 98 38 0, TR IR 8%
2 (oK R IRERE WA SR S
S AR P JE el 55 AL - K T AT e s 2
PR, RIS 7 55z 3l i i S e 2 )
5 JR R AT R AR OET SR, 2 PR T R
PRI B & B B2, AT XA A AR % 55 58
HAEHM RGN B2 A, JCHEAR R
TREE TR K BREE (41 200, 600, 6 000 m) Xt AHkHb 457
PR A 52 10 1 A B BBE™ s ok, R I A 0% 5
FFAr TR (40 Basquin 77 %) 7E IR FREE T 195&
FHAATY R a8 gk, H AR 28 (] 5 9% 57 754 1) 2 1
KFR = B S

FET I, 38 i R A B RS R 5, T
T TC4 ELI A 4 7E 4D R W AN [R) TR B Vg K A B v
ETAS Y 5517 RS ol ST IE RN ) -F i
2k AR T AL R R T SRR, 18R T IR
5 MR 57 B LA, O ST IS TR A
1A B35 A8 % 57 75 A A AL . BT 9% WGAR ] h R e
it RAA AR BT B an PEAL i s it
ERE R S, MR kil T AR R MR b 5
B ST R PR

1 MREFE

1.1 kR

TR R A T8 kS 1 TC4 ELL 4k &
St HAL Ao (B4, %) W& 1. F2 )
SEPEREMN R : SRR 110 GPa, % JF 4.44 g/mm’,
TARA L 0.34, JE ISR 780 MPa, HiHiiR )& 849 MPa,
FEAHR 18%, WA 46 3R 35% ., MH7AR- 5718 kE N 5]
Btk aniEl 1 R, B il e B U AR L a1
EN A AR EE B HAE 3 mm, FREE A EE 20 mm,
FE N0 2 4 WA F AR ' b B HURE B Ra<<0.4 pm,
RIS RF IR HSUE SN 2 Fs, BT B R
AR 1] (T 1) A (R ), SRR RS ) #5 Drl i 20
SV R AR5 o AR AN 2y Horp 1 A B AL AR,
UL 2(a); i FRGh R m ULIE 2(b), MER RN T 4L
Tl 1o FR A B BT, A TR A

®1 RBEHRHNESERS

Table1 Chemical composition of TC4 ELI titanium alloy
%

Al v Fe N H 0} Ti
5.99 391 0.034 0.003 6 0.002 4 0.050 Bal.
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Fig.1 Geometry of samples for creep-fatigue
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Fig.2 Microstructure of as-received TC4 ELI alloy
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Table 2 Three sets of environment parameters for test

Serial ~ Simulated Hydrostatic Dissolved  Temperature/

number water depth/m  pressure/MPa  oxygenx10° C
1 200 2 8 27
2 600 6 2 9
3 6 000 60 4 3
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Fig.3 Environmental simulation test system for high-
pressure corrosive solution
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Fig. 4 Creep-fatigue peak stress-cycles curves in air and
three seawater environments
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Table 3 Stress-life equation for creep fatigue in the test
environment (£,=60 s)

Test depth/m Peak stress-fatigue life equation
Air oo = 894N~00195
200 o = 930N70,O41 4
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Fig. 5 Dwell time-fatigue life tests results in different en-
vironments
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Fig. 6 Dependence of fatigue loading total strain on the dwell time
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Fig. 8 The curve of total strain-time during creep-fatigue
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