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Abstract

Against the background of lightweight development for new energy aircraft, low-cost fabricated com-
posite laminated open cylindrical shells are widely applied to key load-bearing structures of air-
frames. However, various prefabricated defects and initial damages easily emerge during actual ser-
vice. Coupled with the complex high-temperature environment, these imperfections inevitably lead
to structural stiffness degradation, deterioration of vibration response and other adverse issues,
which seriously threaten the service safety of aircraft. Current research on composite shells mainly
focuses on the vibration analysis of intact structures, while investigations on the nonlinear dynamic
mechanism under the coupling effect of defect damage, high-temperature environment and exter-
nal loads remain insufficient. The existing research cannot meet the engineering requirements of
defect tolerance design and vibration control for new energy aircraft. Taking low-cost defective
composite laminated open cylindrical shells for new energy aircraft as the research object, this the-
sis adopts a combined method of theoretical modeling, numerical simulation and experimental test-
ing to systematically investigate the nonlinear dynamic characteristics of defective composite cy-
lindrical shells under multi-parameter and multi-field coupling conditions. The main research
achievements are summarized as follows: Based on the Love thin shell theory, the structural energy
expression is established. The vibration governing equations are derived by combining the Ray-
leigh-Ritz method and Lagrange equation. By introducing the viscoelastic defect constitutive model
and artificial spring boundary model, a refined nonlinear dynamic theoretical model of defective
composite cylindrical shells is constructed. The effectiveness of the theoretical model is verified
through comparative analysis of modal tests and finite element simulations, and the influence laws
of defect size, boundary constraints and other factors on the inherent vibration characteristics of
composite cylindrical shells are analyzed. Structural vibration tests under different defect parame-
ters are carried out to clarify the evolution mechanism of dynamic performance deterioration of
composite shells induced by defect damage. On this basis, a thermo-mechanical coupling nonlinear
dynamic model is established to explore the amplitude-frequency response, resonance character-
istics and nonlinear vibration evolution law of structures under the coupled effect of high temper-
ature and defects, and reveal the regulation mechanism of temperature on the vibration behavior
of defective composite shells. The research results clarify the influence mechanism of constraint
conditions, defect parameters and high-temperature environment on the vibration characteristics
of composite open cylindrical shells, and improve the nonlinear dynamic analysis system for defec-
tive composite cylindrical shells. It can provide theoretical reference and technical support for the
optimal design of defect tolerance, vibration suppression and safety protection of composite struc-
tures of new energy aircraft under high-temperature service environments. This study improves
the nonlinear dynamic analysis method for low-cost defective composite laminated open cylindrical
shells, and reveals the evolution mechanism of structural vibration characteristics under multi-
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factor coupling. It effectively compensates for the deficiencies of existing research, including ideal-
ized models, single research factors, weak material pertinence and superficial mechanism analysis.
The research findings offer crucial theoretical support and technical reference for defect tolerance
design, vibration suppression optimization and service safety assessment of composite shell struc-
tures of new energy aircraft.
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Figure 1. Geometric model of laminated open cylindrical shells with defects in composite materials
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Figure 2. Geometric partitioning of laminated open cylindrical shells with
defects and corresponding coordinate systems
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Figure 3. Stress-strain curves of defective materials under theoretical and experimental conditions
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Table 2. Frequency comparison of simply supported composite layered column shells with defects: C-F-F-F

2. BXAHRBESMHESERRRRILL: C-F-F-F

FIR AR (Hz) B
WRFAE B HIRTHz) R (%)
M=N=5 M=N=6 M=N=1 M=N=8
1 183.15 182.67 182.98 183.04 198.4 7.7
2 201.36 199.52 200.86 201.17 208.48 35
S 3 448.27 447.86 447.99 448.04 468.21 43
; 4 469.64 467.64 468.34 469.30 471.78 0.52
5 527.48 526.79 527.12 527.28 534.56 1.3
6 569.43 568.61 568.94 569.17 576.04 1.2

Table 3. Frequency comparison of simply supported composite layered column shells with defects: C-C-C-C

= 3. X AHEESMHNESHTRRESL: C-C-C-C

FIR AN (Hz)
RS S8 B4 BIRTTHz) R (%)
M=N=5 M=N=6 M=N=17 M=N=8
1 1095.86 1095.37 1094.40 1094.40 1086.5 0.73
2 1116.70 1116.05 1115.64 1115.64 11183 0.24
S 3 1493 .54 1493.10 1492.99 1492.27 1499.5 0.48
g 4 1705.36 1704.67 1703.91 1703.91 1721.9 1.04
5 1742.66 1741.66 1739.18 1739.18 1725.9 0.77
6 1790.23 1787.23 1785.77 1785.77 1759.6 1.49

FESEBR TAERL A, S TIOR3 A0 3550« B R A48, IRRE AR 1) il T 208 0 2 AL AR o
N T IR UEERAR S AT A AR 1, BEATARAS SRR A 4 R i@ RIS A BRTCIE RIS
BRI IAT 6 BT ARASIREL, 3¢ 4 R T ISR S AN RS IR A, AT DL 2B =M ik 3R 15 1 45 2R
3 SEIRAHKIH R A T700 AHEHNEACEEJZE 8 JZAE5E, H A28 12 T700 AORFBY H AL R A 26 3 14 44
RHE R ERE . Hod T700 MRHIEIR SN 15 cm x 15 cm, ZE3EMEAN 5 cm x 5 cm, $ZJETilE
A LB B 7 1) 02 B AR O I AE A L AR TR & JE A R b, R R 2 A PR SR s i ekl
B 60 HIAE S, Bl JE A it % B IO U R AT L A0 R, B JE B S BN PR T AT 3 N/
[ A

FEXT B B A AT 18 9T IR DR ERAE ST K PO A2 AT 5 % VG I T8I 1) SR 8 e b AT 1 5[]
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Figure 4. Modal experiment
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Table 4. Simple supported modal analysis
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Figure 5. Amplitude-frequency characteristic curves of healthy and defective cylindrical shells under different excita-tions ((a)
a0=0.2g;(b)a0=0.4g;(c)a0=0.6 g; (d)a0=10.8 g)
& 5. NEER T RS e E TRt thk((a) 20 =0.2 g; (b) a0 = 0.4 g; (c) a0 = 0.6 g; (d) a0 = 0.8 g)

3.2. RO

92 RS 3 JROR TR FIRL SRS TR S kB S A A B A 58 8 [ A R 5 22 R I s
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