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ABSTRACT ARTICLE INFO

In this paper, for the first time, a nonlinear analysis of the dynamic instability of a Receive Date: 12 February 2022
relatively thick curved structure equivalent to a composite wing layer is Revise Date: 20 June 2022
performed. For this purpose, the wing structure of the aircraft is considered as a Accept Date: 01 July 2022

relatively thick curved beam and modelling has been done using first-order shear

theory. Van Carmen's large non-linear strain relationships have been used in

strain components in a curved line environment. One of the most complex Keywords:

instability modes is axial excitation of the curved beam under a harmonic Aircraft wing structure
dynamic load despite a static constant value. These static loads (positive or Dynamic instability
negative) and dynamic harmonic load coefficient have a significant relationship Composite beams

with static buckling load. Considering the dynamic axial load, the dynamic Hamilton principle
equations governing the system and the equations of the boundary conditions are Critical buckling load

obtained using the Hamilton principle and the method of calculating the changes,
and to solve them, the generalized numerical differential squaring method is used.
Also in this paper, for the first time, by solving the final algebraic nonlinear
equations, the stability region of a relatively thick curved beam is determined as
changes in the excitation frequency in terms of dynamic load. To determine the
effects of different parameters on natural frequencies, critical buckling load and
beam stability range, different modes including different linear and nonlinear
kinematic models, different values of static load, length to beam thickness ratio
and radius of curvature along with beam types Flat and curved composite layers
have been considered. As one of the most important results, the results show that
considering different combinations of fibbers, the amount of curvature as well as
the geometric nonlinearity of the material is important and will have a great
impact on the predicted responses for the dynamic instability region.
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2 Buckled configuration
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3 Mindlin-Reissner theory
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5 Constitutive relations
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fundamental frequency (wL?\/p/E,h?)

n
ply angle
20 25 30 35 40 45 50
[0/0/0/0] 1.004 1.0246 1.0350 1.0391 1.0402 1.0402 1.042
[0/90/90/0] 09442 09637 0.9735 09774 09784 09784 0.9784
[45/—45/—45/45] 0.5716 0.5774 0.5797 0.5803 0.5803 0.5803 0.5803
critical buckling load (P.,L?/E;,bh3 X 1e4)
n
ply angle
20 25 30 35 40 45 50
[0/0/0/0] 3.3486 3.4175 3.4526 3.4665 3.4700 3.4700 3.4700
[0/90/90/0] 3.0220 3.0527 3.0649 3.0680 3.0680 3.0680 3.0680
[45/—45/—45/45] 1.0315 1.0528 1.0635 1.0678 1.0689 1.0689 1.0689

Sy e Ol W, Cono 4 lgoe 0] Wlie ale wjg pl 40 ez ge had e gxxlie Lol Caws ar polie awslie b
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«([6/-6/6/=6] wile) o))l 5 ([8/=60/=6/6] wiile) o line aVaizr Cojorels loys o oyd agly 38, YL b o
Sz 3l baY slass da e sblss o9 Gl (252 L 4T %00 Cononl il iS5 sl go (20l (S L 58 gl GuilS

4 convergence

5 fundamental frequency
"6 cross-ply
7 angle-ply
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fundamental frequency critical buckling load
type of composite beam (ply (WL p/Enil?) (Ferl?/Evybh? x 1e4)
angle) L/h L/h
8 15 50 100 8 15 50 100
cross-ply

[0/90] 0.487 0.501 0.506 0.506 0.588 0.606 0.613 0.613
[0/90/0] 0.917 1.00 1.041 1.044 2.207 2.487 2.607 2.615

[0/90/90/0] 0.883 0.962 0.996 0.999 2.037 2.282 2.385 2.393
angle-ply (2-layer)

[0/0] 0.936 1.023 1.060 1.063 2.294 2.579 2.700 2.709
[15/-15] 0.889 0.963 0.995 0.997 2.053 2.281 2.377 2.383
[30/-30] 0.754 0.799 0.818 0.819 1.446 1.560 1.605 1.608
[45/-45] 0.558 0.577 0.584 0.585 0.773 0.806 0.818 0.819
[60/—60] 0.370 0.376 0.378 0.378 0.334 0.341 0.343 0.343
[75/-75] 0.279 0.282 0.283 0.284 0.190 0.192 0.192 0.192
[90/-90] 0.270 0.273 0.274 0.274 0.177 0.179 0.179 0.179

angle-ply (3-layer)

[0/0/0] 0.936 1.023 1.060 1.063 2.294 2.579 2.700 2.709
[15/—-15/15] 0.889 0.963 0.995 0.997 2.053 2.281 2.377 2.383
[30/-30/30] 0.754 0.799 0.818 0.819 1.446 1.560 1.605 1.608
[45/—-45/45] 0.558 0.577 0.584 0.585 0.773 0.806 0.818 0.819
[60/—-60/60] 0.370 0.376 0.378 0.378 0.334 0.341 0.343 0.343
[75/-75/75] 0.279 0.282 0.283 0.284 0.190 0.192 0.192 0.192
[90/—90/90] 0.270 0.273 0.274 0.274 0.177 0.179 0.179 0.179

angle-ply (4-layer)

[0/0/0/0] 0.936 1.023 1.060 1.063 2.294 2.579 2.700 2.709
[15/—-15/—-15/15] 0.889 0.963 0.995 0.997 2.053 2.281 2.377 2.383
[30/—30/—-30/30] 0.754 0.799 0.818 0.819 1.446 1.560 1.605 1.608
[45/—45/—45/45] 0.558 0.577 0.584 0.585 0.773 0.806 0.818 0.819
[60/—60/—60/60] 0.370 0.376 0.378 0.378 0.334 0.341 0.343 0.343
[75/-75/-75/75] 0.279 0.282 0.283 0.284 0.190 0.192 0.192 0.192
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[90/—-90/-90/90] 0.270 0.273 0.274 0.274 0.177 0.179 0.179 0.179
[15/-15/15/-15] 0.889 0.963 0.995 0.997 2.053 2.281 2.377 2.383
[30/—30/30/—30] 0.754 0.799 0.818 0.819 1.446 1.560 1.605 1.608
[45/—45/45/—-45] 0.558 0.577 0.584 0.585 0.773 0.806 0.818 0.819
[60/—60/60/—60] 0.370 0.376 0.378 0.378 0.334 0.341 0.343 0.343
[75/-75/75/-75] 0.279 0.282 0.283 0.284 0.190 0.192 0.192 0.192
[90/—-90/90/-90] 0.270 0.273 0.274 0.274 0.177 0.179 0.179 0.179
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