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Tab.1 The principal chemical compositions of AerMet100 steel

C Ni Co Cr Mo Mn Fe

0.2% 11.7% 13.8% 3.1% 1.3% 0.1% 69.8%
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Tab. 2 The principal chemical compositions of TC18 titanium alloy

Mo Al \% Cr Fe O Ti

5.14% 5.10% 5.06% 0.93% 0.98% 0.15% 82.64%
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Fig.1 Size design drawings of U-shaped and V-shaped impact fatigue specimens
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Tab.3 Pre-experimental results of impact energy test for AerMet100 steel samples with different notches
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Fig. 2 Salt spray corrosion effect of AerMet100 steel sample in different time:
(a)0 h; ()96 h; (¢)240 h; (480 h
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Fig. 3 Salt spray corrosion effect of TC18 titanium alloy sample in different time:
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Tab. 4 Impact fatigue life test results of AerMet100 steel notch samples under different salt spray corrosion duration
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Fig. 4 Scatter plot of the relationship between impact fatigue life and corrosion duration of

AerMet100 steel notched specimens: (a)U-notched specimens; (b) V-90°-notched specimens
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Fig.5 Effect of salt spray corrosion on U-shaped specimen of AerMet100 steel and
its local magnifications: (a)0 h; ()96 h; (¢)240 h; (d)480 h
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Fig. 6 Salt spray corrosion depth map of AerMet100 steel U-shaped sample in impact fracture:
()0 h; ()96 h; (¢)240 h; (480 h
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Fig. 7 Effect of salt spray corrosion on V-shaped specimen of AerMet100 steel and
its local magnifications: (a)0 h; (b)96 h; (¢)240 h; (d)480 h

K8 s 9 VORI DR el i I 0 SEM BIHE B7 L 1228 B URE 9 e R TR 2200 50 pm, 1235
8T U B FOSFE R R . %22 S IR ST IH BT 2 ke 0 LART T AR A Ta] e 31 2 ke 11 1y 3224
RS, BAOREE, V RIS DR FE A 3R A28 0025 mm, i U AL AR i %22 R 1 mm., 5
ZINERY T AR AR T B VR e 1R A S ol T RR AR T 5 /0N L DT FR AT Gk TR R B — 2R )R L 3 A B
R R A FECT U B O U 758 R 5 b 22 5% T 50 )32 (9 J ok Tt DA TR S 1 B fekt 7= 4 )
T JSCRIE b % E ) 384 A

K8  AerMetl00 ) V BIEAE nh ity iy b 35 25 i R B < ()0 his (1) 96 h; (¢)240 h; (d)480 h
Fig. 8 Salt spray corrosion depth map of AerMet100 steel V-shaped sample
in impact fracture: (a)0 h; (b)96 h; (¢)240 h; (d)480 h
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Tab.5 Impact fatigue life test results of TC18 titanium notch samples under different salt spray corrosion duration
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Fig. 9 Scatter plot of the relationship between impact fatigue life and corrosion duration of
TC18 titanium notched specimens: (a)U-notched specimens; (b) V-90°-notched specimens
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Fig. 10 (a)effect of salt spray corrosion on U-shaped specimen of TCI8 titanium alloy for 240 h;
(b)shows the local enlarged image of (a); (c)salt spray corrosion depth map in impact fracture
at 240 h of corrosion; (d)effect of salt spray corrosion on U-shaped specimen of TC18 titanium
alloy for 480 h; (e)shows the local enlarged image of (d); (f)salt spray corrosion depth

map in impact fracture at 480 h of corrosion

3 it

ARV T 2 Rl R ZS 4 8 AR ZE R [ rb v 6 25 0 ok 0 4 R IR e o 8 97 75 A i S L A5
HLLUR 458

1) Fifi 25 £h 25 T8 b B K A 38 0, AerMet100 89 F1 TC18 £k4 4 iy U 20 Bl 113 RE (90 25 5 A 4 S 90
I AL ME Y I . AerMet100 XY 2 Bl 1 URE 76 8 1l 240 h )5 9% 55 75 A B 28 R 8 1l R 19 24
50% 3 TC18 kA 4y U BB 1R 7R I8 1 480 b Jm L % 595 5 A IR I 2 R I i BRI 2 50 %, X — L4
F LR 2 BhobE R B9 57 75 iy Bt 5 ok FsF i) A9 E K T 4k 3 PR ARG L (L TC18 kA 4 7 AFH [R) I 1ok 2% 1 F J B
H A Y i ok B R K 1 9 9 R

2% TC18 Bh& 4 V RNl TR R L 58 v B9 R 7 = %l J3E 6 9% 35 7 i 100 2 W) I8 85 85 T b 250 1 ok 00 1
Mo ZERPEER Z B & 0F T, TCI8 A& 4 V BBk 13 AE f 5% 55 75 i 15 JG ok sf < 22 18] R 6 B 10 B 2 10
HH O 33 2 W L 75 18 I g 4 Hp X8, Rk A4 07 3 bR 25 8 57 P R 190 5 i A 8 A S ol 540 5 o ) R o
BN, XA LUE B T VRS O RRE BT R 32 00 5 N =, S BOH 9 97 24 800 Y L AR
TR 3R T A 2% 1 ok )RR

3) AerMet100 476 £h 55 J i IR BE vh , FL9% 57 77 iy B A JA5 ok bsf ] 1) 188 iy S 35 B, R BRI A
JE ol 7= ) RN A I A 38 22, 5 B0 T A 2R IO 25 4 4 7 X i — AP AR E TR 7 MBI R 5 TR
B 2 T o Bt T 800 AerMet 100 59 2 1T 11 JBF ok 7= 2 I 10 30 3 15 22 o a5 ol 0 R R 3 e 24 30 42, o o
38 330 B L 25 4 11 8 A i 5 S0 B AR B AR R X WU O Y R . M2 T L TCI8 sk A 4l T
o o 1 ST T T 1 R R R 0 Tl e R A A R K Tl i KT BB S O R R 9% OF A A R IS
PR BE IS /N T AerMet100 9, X W] TC18 Bk 478 i 8 bk I8 458w LA o400 sk %) if A A ol e

S0k

[1] LIUXC, XIXL, BAICY, et al. Dynamic response and failure mechanism of Ti-6 AL-4V hi-lock bolts under
combined tensile-shear loading[ J]. International Journal of Impact Engineering, 2019, 131:140-151.



406

Lo h (2025 4E) 56 40 &

(2]

[4]

L6]

L7]

[8]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

STINVILLE J C, CHARPAGNE M A, CERVELLON A, et al. On the origins of fatigue strength in crystalline
metallic materials[ J]. Science, 2022, 377(6610):1065-1071.

PR 2, TRl & 540, S5, iF A R S0E BE b £ 45 b o o7 S v R DN E R [T ]. S8 Jy2%, 2002, 17(1) :90-
95 (CHEN Aijun, XU Cheng, ZHA Zichu. et al. Internal pressure measurement for thick wall cylinder in impact
fatigue test[J]. Journal of Experimental Mechanics, 2002, 17(1):90-95 (in Chinese))

WANG BW, QIU Z G, GAO P. et al. The experimental and numerical study of AA6061-T6 aluminum alloy
under repeated impacts[J]. International Journal of Fatigue, 2024, 183:108213.

WANG B W, QIAN C C, BATI C Y, et al. Study on impact fatigue test and life prediction method of TC18
titanium alloy[ J]. International Journal of Fatigue, 2023, 168:107391.

ZONG L, FANG W Q, HUANG C, et al. Low cycle fatigue behaviour of wire arc additively manufactured
ER70S-6 steel[J]. International Journal of Fatigue, 2023, 176:107910.

WEM, EWIL. SEMBEELZ mE T RBGEMALL] B8RS TR, 2022, 22(6):2539-2545 (GUO
Yupei,» WANG Binwen. Damage evolution of metal materials under repeated impact load[ J]. Science Technology
and Engineering, 2022, 22(6) :2539-2545 (in Chinese))

REIS L, DE FREITAS M. Damage growth analysis of low velocity impacted composite panels[J]. Composite
Structures, 1997, 38(1/4):509-515.

KONG Z Y, JINY, HOSSEN G M S, et al. Experimental and theoretical study on mechanical properties of mild
steel after corrosion[J]. Ocean Engineering, 2022, 246:110652.

LIFK, CUIC]J, MAR]J, etal. An experimental study on the corrosion behaviors and mechanical properties of
Q345gD steel in neutral salt spray environment considering stress state [ J]. Developments in the Built
Environment, 2023, 15:100214.

XUSCHE , BUNIL, RKTr. BB O LY 11§86 4 9% 97 i PR i i il 4 I X 5 A LT D, S50 14, 1999, 14
(4):414-418 (LIU Wenting, HE Xiaofan, WU Dafang. Experimental study and analysis for the effects of
corrosion and notch on the fatigue limit of LY11 aluminum alloy[J]. Journal of Experimental Mechanics, 1999, 14
(4):414-418 (in Chinese))

ZHANG Y G, CHEN Y L, BIAN G X, et al. Electrochemical behavior and corrosion mechanism of anodized 7B04
aluminum alloy in acid NaCl environments[J]. Journal of Alloys and Compounds, 2021, 886:161231.

LV Y Z, ZHANG P Z, WEI D B, et al. Corrosion behavior of Al, O;-WER and WC-Co-WER coatings on TC18 in
neutral salt spray environment[J]. Materials Research Express, 2018+ 5(6):066411.

VIR, XIE 2. MLERHLAC i 2k 28 S B L) . B ARk JE . 2014, 33(9):623-629 (TAO Chunhu, LIU
Changkui. Corrosion failure and prevention of carrier-based aircraft[ J]. Materials China, 2014, 33(9):623-629
(in Chinese))

Mhow e, BAREE, RMOE. 5. Mg o7 ey A o Ar[J]. R4 TR, 2012, 9(4):4-7 (CHEN
Dinghai, MU Zhitao, ZHU Zuotao, et al. Analysis of corrosion pitting effect on fatigue crack growth[]].
Equipment Environmental Engineering. 2012, 9(4) :4-7 (in Chinese))

Bz, AL, BRIE, S BRFE Ti6 ARV Ba &l B or tERE Ry ma [T ], L3R 1%, 2016, 31(6):
795-802 (LU Kaiju, CHENG Li, CHEN Xuan. et al. On the effect of salt spray corrosion on very high cycle
fatigue performance of Ti-6 Al-4V titanium alloy[ J]. Journal of Experimental Mechanics, 2016, 31(6):795-802 (in
Chinese))

FAE WKL JE I BT 0T AR A T EE RO S BOR S R ERT]. b LB SE . 2017, 12(5):52-63 (WU
Fan., HUA Lin. Current status and prospects of reliability analysis of hull structures under corrosion and fatigue
damage[]]. Chinese Journal of Ship Research, 2017, 12(5):52-63 (in Chinese))

WA Jr, BRI, AF1410 5 300M 4 B9 JE phoop 5 9% 95 77 8 [T, AR T8, 2003(1):3-5 (YANG Dongfang,
ZHAOQO Zhenye. Corrosion impact fatigue behavior of AF1410 steel and 300M steel[J]. Journal of Materials
Engineering, 2003(1) :3-5 (in Chinese))

Vo, EMG. AT, S R PEER S b X AA 6061-T6 M4 4 vk il oF B AR B 1], A B E A,
2021, 32(12):107-114 (YANG Qiang, GAO Peng, HE Xiao, et al. Effect of neutral salt spray corrosion on the
impact fatigue life of AA 6061-T6 aluminum alloy[J]. Aeronautical Science & Technology, 2021, 32(12):107-114



5 439

TRAE. PHERFZEE X AerMet100 85 TC18 k& 4 vh<hi J% 55 75 v B9 5% W W 5% 407

[20]

[21]

(22]

[23]

[24]

[25]

[26]
[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(in Chinese))

WOAHR . XVEEAE, PP, o e vk se OF sk e (1], B4, 2010, 28(9):112-115 (LIU Mutong,
LIU Jianhua, ZHONG Ping. Research development of corrosion resistance of ultra-high strength steel[J]. Science
&. Technology Review, 2010 (9):112-115 (in Chinese))

OEHLERT A, ATRENS A. Stress corrosion crack propagation in AerMet 100[J]. Journal of Materials Science,
1998, 33(3):775-781.

FWEHE . BESC. TR I A AT N S AN B B S B BERE (T ], MR TR, 2019, 47(9):1-12 (WANG
Xiaohui, LUO Haiwen. Research and application progress in ultra-high strength stainless steel for aircraft landing
gear[J]. Journal of Materials Engineering, 2019, 47(9):1-12 (in Chinese))

HAN X, LI C, LI SY, et al. Correlation study of random deposition for WC-12Co multiparticles on the TC18
substrates[ ] ]. International Journal of Applied Ceramic Technology. 2024, 21(3):1700-1721.

MAJ Y. LUO D C, LIAO X P, et al. Tool wear mechanism and prediction in milling TC18 titanium alloy using
deep learning[J]. Measurement, 2021, 173:108554.

ZEpntg . Rug TR, XIEEAE, AL NI LR Dk R R v R AR AerMet100 % 57 AP R ASE W L) ], i A bR
R, 2014, 34(3):74-80 (LI Songmei, WU Lingfei, LIU Jianhua, et al. Effect of load ratio and corrosion on
fatigue behavior of AerMet100 ultrahigh strength steel[J]. Journal of Aeronautical Materials, 2014, 34(3):74-80
(in Chinese))

SCHUTZ R W. Corrosion of titanium and titanium alloys[ M]. Ohoi: ASM International, 2005:252-299.

WS, R, REE, S AerMet100 3R 5K A9 LA vhf 9% 57 55 A 18 1E TN R B R 40 A v AL AL BE L) D, ARy
2, 2024, 41:1-11 (GAO Peng, ZHU Yaxin, XU Yuzhao. et al. A modified fatigue life prediction model and
damage evolution mechanism of AerMet100 ultra high strength steel under low-cycle impact fatigue loading[ J].
Engineering Mechanics, 2024, 41:1-11 (in Chinese))

GAO P, ZHU Y X, ZHU ] C, et al. Studies on the life, damage evolution, and crack propagation behaviors of
TC18 titanium alloy under repeated impact loading[J]. International Journal of Fatigue, 2024, 179:108074.

LIU C K, KONG Z R, KAO M J, et al. A novel accelerated corrosion test for supporting devices in a floating
photovoltaic system[J]. Applied Sciences, 2021, 11(8):3308.

B, RE SR IREE T BT L) MWK X 16 AE 2 # K I AAS ). Bk 5B, 2002, 23(1):
18-20 (HUANG Guiqiao. Corrosion of alumimium alloys in marine environments ( [ ): A summary of 16-year
exposure testing in seawater tide zone[]J]. Corrosion & Protection, 2002, 23(1):18-20 (in Chinese))

TIAN D H, XU C, WNAG H L, et al. The corrosion fatigue behavior and mechanism of AerMet100 steel in
3.5% NaCl at room temperature[ J]. Materials, 2024, 17(20) :5025.

L1 P, DU M. Effect of chloride ion content on pitting corrosion of dispersion-strengthened-high-strength steel[ J].
Corrosion Communications, 2022, 7:23-34.

WANG Y J, HAO E K, ZHAO X Q, et al. Effect of microstructure evolution of Ti; Al, V alloy on its cavitation
erosion and corrosion resistance in artificial seawater[J]. Journal of Materials Science & Technology, 2022, 100
169-181.

BRAC KL, B AL, HRB, 4. N80 9 CO, JE ™oy Wt ()], o B ik 5B 924k, 2002, 22(3):143-147
(CHEN Changfeng, ZHAO Guoxian, LU Minxu, et al. Study of CO, corrosion scales on N80 steel[ J]. Journal of
Chinese Society for Corrosion and Protection, 2002, 22(3) :143-147 (in Chinese))

WANG P, ZHANG P, WANG B, et al. Fatigue cracking criterion of high-strength steels induced by inclusions
under high-cycle fatigue[J]. Journal of Materials Science & Technology, 2023, 154:114-128.

CAIJ X, SUN L Y, MA H C, et al. Corrosion characteristics of Q690qE high-strength bridge steel in simulated
coastal-industrial environment and its influence on mechanical and corrosion fatigue behaviors[J]. Construction and
Building Materials, 2022, 341:127830.

ZHU Q, HE W, ZHU ] G, et al. Investigation on interfacial fracture toughness of plasma-sprayed TBCs using a
three-point bending method[J]. Surface and Coatings Technology, 2018, 353:75-83.



408 Lo h (2025 4F) 55 40 %

Effect of neutral salt spray corrosion on impact fatigue life
of AerMetl100 steel and TC1S8 titanium alloy

WANG Kexiang', GUO Yupei*, ZHOU Longjun®,
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(1. School of Aeronautics and Astronautics, Huazhong University of Science and Technology, Wuhan 430074, Hubei, China; 2. National
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Abstract: Aviation metal structures often face the combined effect of Marine corrosion environment
and repeated impact loads during service, which leads to corrosion damage on the material surface and
significantly deteriorates its impact fatigue performance. In order to explore this phenomenon in
depth, this paper systematically studied the impact fatigue life of AerMet100 steel and TC18 titanium
alloy, the key structural materials in the aviation field, under different durations of neutral salt spray
corrosion. The impact of corrosion duration on the impact fatigue life of two types of notched three-
point bending specimens and the damage mechanism were systematically revealed by the neutral salt
spray corrosion test, the dropping hammer impact fatigue life measurement test, and the scanning
electron microscope (SEM) characterization technology. The results show: with the increase of salt
spray corrosion time, the fatigue life of U/V-90° notched specimens of AerMetl100 steel and TC18
titanium alloy U-notched specimens show a nearly linear decay trend, and the fatigue life of
AerMet100 steel decreases to about 50% of that of non-corroded specimens after 240 h of corrosion.
However, the U-notched specimen of TC18 titanium alloy decreases to about 50% of the uncorroded
specimen after 480 h of corrosion. In contrast, the fatigue life of the V-90° notched specimen of TCI18
titanium alloy is mainly affected by the stress state rather than the corrosion damage due to the high
stress triaxial degree at the notch location. In addition, the SEM results show that with the extension
of corrosion time, the number of corrosion products and pitting pits on the surface of AerMet100 steel
samples increases significantly, accompanied by surface cracking, which promotes the initiation and
propagation of fatigue cracks. Due to the shielding effect of the surface passivating film on the
corrosive medium, the TC18 titanium alloy effectively prevents the in-depth erosion of the corrosive
medium, limits the propagation path of the crack, and maintains a high fatigue life.

Keywords: AerMet100 steel; TCI18 titanium alloy; neutral salt spray corrosion; impact fatigue life;

mechanism of damage



