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ABSTRACT: The work aims to exhibit the environmental damage rule and damage mechanism of 2024 typical connection
structure under the alternate action of natural environment and fatigue. Static natural exposure test and static natural
environment-fatigue alternate test were used to comparatively study the accumulated damage characteristics and fatigue

degradation rule of 2024 typical connection structure. Electro-liquid servo material test machine was applied to test the fatigue
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life of samples for different cycles. Environmental SEM and optical microscopy were adopted to observe and characterize the

morphology and micro corrosion characteristics of sample fatigue fracture. The X-ray stress analyzer was employed to measure

the change of residue stress at hole edge by periodical stress. Metallographic results showed that periodical fatigue stress had

certain accelerating effects on corrosion damage of 2024 typical connection structure, and the corrosion depth (51.9 um) under

alternate condition for 2 years was larger than that (47.0 um) in static exposure condition. Median fatigue life curve showed that

the samples with the same environmental corrosion conditions in static exposure test had longer fatigue life than that in “fatigue +

static exposure” alternate condition. The median fatigue life of samples without coating was about 1.5~2.3 times that in alternate

test, and that of coated samples was about 1.1~1.4 times that in alternate test. The test data of residual stress around the fastening

hole showed that the residual compressive stress at the edge of the hole gradually decreased due to the superposition of external

alternate stress and environmental corrosion, resulting in local plastic deformation, which adversely affected the fatigue life.

Under the condition of “fatigue+tstatic exposure” alternate test, the fatigue life degradation of samples is closely related to the

competition between low load exercise effect and electrochemical effect, the change of residual compressive stress at the hole

edge and fretting wear, thus showing a trend of first increasing and then slightly oscillating and decreasing.
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Fig.2 Ratio chart of experimental load
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Fig.4 Macro-corrosion morphology of 2024 alloy after static exposure and alternate test: a) static exposure for 3a; b) alternate test for 3a
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Fig.5 Micro-corrosion characteristics of 2024 alloy after static exposure and alternate test: a) static exposure for la; b) static
exposure for 2a; c) alternate test for 1a; d) alternate test for 2a
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Tab.1 Results of static exposure and environment-fatigue alternate test

Specimen without coating

Specimen with coating

Test time
Test mode (a) Median-fatigue Coefficient of Median-fatigue Coefficient of
life(cycles) variation/% life(cycles) variation/%
— 0 126 820 1.41 486 256 3.19
Static exposure 784 434 1.51 505 552 3.16
Environment-fatigue alternate 0-3 175 711 1.72 294102 0.97
Static exposure 303 706 5.84 331 460 3.68
Environment-fatigue alternate ! 133 309 1.38 303 258 2.80
Static exposure — — — —
Environment-fatigue alternate 15 118 188 2.13 241205 2.69
Static exposure 195 984 3.01 307 658 2.07
Environment-fatigue alternate 2 131 852 2.45 224 846 3.87
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Fig.6 Comparison curve for median fatigue life of 2024 sample without/with coating under static and alternate tests
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Tab.2 Element content in test zone
wt.%

Test
area

1 16985012 1.77 — — — — — —

o Al S CI K Ca Fe Cu

2 46.5133.81 3.00 1.62 0.84 1.58 5.59 241 —
3 3180 6355989 — — — 078 — —
4 30.1411.794473 — — — — — 228
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coating exposed statically for 1 year under

marine atmospheric environment shed: a)
crack source; b) hole inner wall
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Tab.3 Test date of residual stress of fastening hole of
sample under alternate test

Residual stress/MPa

Test p - pry— p -
time/a 1"/Lengthwise 27/Width 3"/Lengthwise
direction direction direction
2 —144.2,-121.6 —94.1,-40.3 -129.9
2.5 -3.4,-43.5 -19.5,-53.5 -29.8

Note: the negative sign indicates that the residual stress
is compressive stress
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Fig.11 Location of residual stress detection
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Fig.10 SEM morphology of fastening hole edge on 2024 sample without coating: a) alternate test for 2a; b) static exposure for 2a
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