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Force-Induced Deformation and Failure Analysis of Bolt-Connected Structure of
7050-T7451 Aluminum Alloy Lug
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[ABSTRACT] The bolt-connected structure of lug, widely used in aviation industry, is prone to fracture under frequent
loading, making the analysis of its tensile and fatigue performance crucial. In this paper, the tensile test parameters of lug-
connected structure were designed based on theoretical calculations, and the low-cycle fatigue test was designed by the
tensile displacement—load curve. The static-load failure and low-cycle fatigue failure of 7050-T7451 aluminum alloy lug-
connected structure were investigated using experiments and finite element simulations. The results demonstrated that the
double lug structure completely fractured after 7686 cycles, and the crack propagation a—N curve was close to that of the
fatigue life simulation results. The results provide a reliable theoretical basis for evaluating the safety of lug-connected
structure and selection of lug-connected part.
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Table 1 Geometric dimension parameters of lugs mm
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Fig.1 Schematic diagram of lugs ( mm )
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Table 2 Mechanical properties of materials of different components

5 ol PRAPERR | BRI | JEARBRIL | PURSRE

E/GPa n o/MPa o,/MPa
7050-T7451
0.3 0.32 455 510
Hi YN 7
LY 45 54 200 0.30 375 680
Je B Q235 4K 206 0.30 235 375
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Fig.2 Installation diagram of bolt-connected structure of lug
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Fig.3 Installation diagram of bolt-connected structure of lug
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Fig.5 Cloud map of circumferential stress distribution of lug hole after adding load
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Fig.6 Stress cloud map of loading failure of lug structure
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Fig.7 Simulated displacement—load curve of double lug structure

182 W% HEHEA - 20254 5 685 5 2110]

fap s} b F A5 JE 1) st B BE R R, B M B BEIT i, PR e
7R AT B R 25 kN, 81t ABAQUS 4%} B -
SEMIPEAT IR ST B, G5 RN 8 s, WLIE L, B
SERIZLLAE 10390 YIS IR IG T R =W, B4R %)
1 mm #EK E 4 mm. PR BIRSY RS, 1T
IS EER [ 2855 5426 WRAGER,IXY JR 2 1.5 mm,

3 RIRER

R A 0 75 30 00 45 g 194 5 245 R 4 it 2% PR 9
JIF 7% o AR , i T HL R B 34 B2 45 WA Bl JE A
2R 7=t T — W 3h, 25 A W L JL T 2 2R s
Ak, B B AR T - 2 i A TG L, 7
FBIMEZE 4 mm B, 2R AR A I A4k, BIH B2
H 5 A R AR T2, Y RS Nk %) 4.17 mm B, fh2k 2
TS AL, FE R 2 AL E e B xd 7075 B A4

4.0 r

35F

1 1 1 1 1 1
0 2000 4000 6000 8000 10000
TRERUHLN
Hs BHHERRER
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Fig.10 Failure mode of single lug structure
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Fig.12 Propagation process and mechanism of crack
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Fig.13 Comparison of a—V curves between simulation and experiment
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