Composite materials are presented as the lightweight design flexibility or tailoring materials for
desired demands in the laminate stacking sequence aerospace industries. The benefits of
composite materials are to provide high strength and high stiffness regard to the weight, identified
fatigue strength, wear, and corrosion resistance provided with the high performance and reliability
[1,2]. Buckling analysis is one of the significant behaviour which can reach to the required
resistance with constant stiffness (CS) fibre angles through the thickness of each layer in the
conventional composites, while via the generation of a new class of composites known as variable
stiffness (VS) pointed as laminate tailoring, with embrace the curvilinear fibre paths to the
spatially, and hence vary in-plane stiffness, buckling response can manifest significantly
betterment [3,4], in compared with CS counterpart. The stiffness variation propose in discrete
model such as Patch design or introducing continues fiber path curvilinear which described as VAT
laminates [5,6,7,8]. Setoodeh et al. [9] showed that in-plane loads and buckling resistance in the
stiff zone with greater satisfied, and not in the critical zone can present higher buckling load
adequately in VAT plates based on finite element models [10]. Lopes et al. [11] illustrate the
advantages of variable stiffness composite in compressive buckling and failure modes of the first
ply by taking advantage of finite element models as the numerical simulation.

Stability analysis of simply-supported rectangular plates under non-uniform uniaxial compression
using rigorous and approximate plane stress solutions [12]. Buckling introduced together with the
significant failure in the thin-walled structure and thin plates [13,14,15]. A classical finite element
cannot grantee continuity and smooths of the variable angle tow fibres with the presumption of
them straight. Following by discretization of the fibres, a large number of elements and even
higher by using refined mesh size, which may influence on the buckling analysis results by
providing a wide variety of error including higher computational time due to higher Degree of
Freedom (DOF) [16].

For buckling analysis in an aerospace application, Carrera Unified Formulation can introduce as a
capable higher-order beam model (1D) to represent displacement as regards arbitrary unknown
over the cross-section by Taylor-like expansion with a generic N-the order which obtained [17,18]
or Lagrange-like polynomial expansion by expressing [19] for linear buckling analysis. In anisotropic
composite materials, refined 1D CUF beam organise to display as Component-wise [20,21] or
layer-wise model \cite{CarreraAlIAA1998}, to achieve better solution in contrast with commercial
code for classical beam, plates and solid [22].

Lately, the CUF procedure successfully employed to perform free vibration analysis of VAT
structures by Viglietti et al. [23,24] and [25].

This chapter present linear buckling and vibration analysis which modelled for variable stiffness
composite by 1D CUF beam model, for a thin plate with sixteen layers and then the results will be
compared with FEM to show the capability of CUF for decreasing the DOF, computational time
with well-presented the continuity of variable stiffness fibre and accurate model.



10.

11.

12.

13.

14.

15.

Robert M. Jones. Mechanics Of Composite Materials. CRC Press, 2018.

Dianzi Liu, Vassili V. Toropov, David C. Barton, and Osvaldo M. Querin.Weight and
mechanical performance optimization of blended composite wing panels using lamination
parameters. Structural and Multidisciplinary Optimization, 52(3):549-562, Sep 2015.

Z. Gurdal, B.F. Tatting, and C.K. Wu. Variable stiffness composite panels: Effects of stiffness
variation on the in-plane and buckling response. Composites Part A: Applied Science and
Manufacturing, 39(5):911 — 922, 2008.

Mohammad Rouhi, Hossein Ghayoor, Jeffrey Fortin-Simpson, Tom T. Zacchia,

Suong V. Hoa, and Mehdi Hojjati. Design, manufacturing, and testing of a variable stiffness
composite cylinder. Composite Structures, 184:146 —

152, 2018.

Mazen A. Albazzan, Ramy Harik, Brian F. Tatting, and Zafer Gurdal. Efficient design
optimization of nonconventional laminated composites using lamination parameters: A
state of the art. Composite Structures, 209:362 — 374, 2019.

N. Zehnder and P. Ermanni. Optimizing the shape and placement of patches of
reinforcement fibers. Composite Structures, 77(1):1 -9, 2007.

N. Zehnder and P. Ermanni. A methodology for the global optimization of laminated
composite structures. Composite Structures, 72(3):311 — 320, 2006.

Jung-Seok Kim, Chun-Gon Kim, and Chang-Sun Hong. Optimum design of composite
structures with ply drop using genetic algoritm and expert system shell. Composite
Structures, 46(2):171 — 187, 1999.

M.W. Hyer and H.H. Lee. The use of curvilinear fiber format to improve buckling resistance
of composite plates with central circular holes. Composite Structures, 18(3):239-261,
1991.

Shahriar Setoodeh, Zafer Gurdal, and Layne T. Watson. Design of variablestiffness
composite layers using cellular automata. Computer Methods in Applied Mechanics and
Engineering, 195(9):836 — 851, 2006.

C.S. Lopes, Z. Gurdal, and P.P. Camanho. Variable-stiffness composite panels: Buckling and
first-ply failure improvements over straight-fibre laminates. Computers & Structures,
86(9):897 — 907, 2008. Composites.

P.Jana and K. Bhaskar. Stability analysis of simply-supported rectangular plates under
non-uniform uniaxial compression using rigorous and approximate plane stress solutions.
Thin-Walled Structures, 44(5):507 — 516, 2006.

Gholamreza Soleimani; Kolahchi Reza; Baseri, Vahid; Jafari. Analytical solution for
buckling of embedded laminated plates based on higher order shear deformation plate
theory. Steel and Composite Structures, 21(4):883-919, 2016.

Mohamed Ait Amar Meziane, Hadj Henni Abdelaziz, and Abdelouahed Tounsi. An
efficient and simple refined theory for buckling and free vibration of exponentially graded
sandwich plates under various boundary conditions.

Journal of Sandwich Structures & Materials, 16(3):293—-318, 2014.

Yuhua Tang and Xinwei Wang. Buckling of symmetrically laminated rectangular plates
under parabolic edge compressions. International Journal of Mechanical Sciences,
53(2):91-97, 2011.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Peng Hao, Xiaojie Yuan, Hongliang Liu, Bo Wang, Chen Liu, Dixiong Yang, and Shuangxi
Zhan. Isogeometric buckling analysis of composite variable stiffness panels. Composite
Structures, 165:192 — 208, 2017.

S.M. lbrahim, E. Carrera, M. Petrolo, and E. Zappino. Buckling of composite thin walled
beams by refined theory. Composite Structures, 94(2):563 —570,2012.

[64] E. Carrera, A. Pagani, and J. R. Banerjee. Linearized buckling analysis of isotropic and
composite beam-columns by carrera unified formulation and dynamic stiffness method.
Mechanics of Advanced Materials and Structures, 23(9):1092—-1103, 2016.

E Carrera, A Pagani, PH Cabral, A Prado, and G Silva. Component-wise models for the
accurate dynamic and buckling analysis of composite wing structures. In ASME 2016
International Mechanical Engineering Congress and Exposition. American Society of
Mechanical Engineers Digital Collection, 2017.

E. Carrera, A. Pagani, , and M. Petrolo. Component-wise method applied to vibration of
wing structures. Journal of Applied Mechanics, 80(4):Paper 041012, 2013.

E. Carrera, M. Maiaru, and M. Petrolo. Component-wise analysis of laminated anisotropic
composites. International Journal of Solids and Structures, 49(13):1839 — 1851, 2012.

E. Carrera, A. Pagani, and M. Petrolo. Refined 1D finite elements for the analysis of
secondary, primary, and complete civil engineering structures. Journal of Structural
Engineering, 141:04014123/1-14, 2015.

A. Viglietti, E. Zappino, and E. Carrera. Free vibration analysis of variable angle-tow
composite wing structures. Aerospace Science and Technology, 92:114 — 125, 2019.

A. Viglietti, E. Zappino, and E. Carrera. Analysis of variable angle tow composites
structures using variable kinematic models. Composites Part B: Engineering, 171:272 —
283, 2019.

Carrera E. Pagani A. Zappino E. Fallahi N., Vigliett i A. Effect of fiber orientation path on
the buckling, free vibration, and static analyses of variable angle tow panels. FACTA
UNIVERSITATIS, Series: Mechanical Engineering, pages 1-26, 2020.



