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Today, the implementation of new materials in aero-structures such as propellers is crucial
in the aeronautical industry. Also, ultralight metamaterials with capabilities to reduce the
weight of the structure have received much interest. Therefore, it is essential to investigate
the stability of aero-structures under non-conservative forces such as the follower force,
which is generally considered as the fluid-structure interaction effect. In this paper, the
stability of the rotating Timoshenko beam subjected to distributed follower force with
clamped-free boundary condition is investigated. The beam consists of a sandwich structure
and the core is made of ultralight metamaterials. The governing equations of the beam are
derived using Hamilton's principle. For numerical analysis, the differential quadrature
method (DQM) is used and the results are compared with those obtained from previous
studies. Four core structures including square, hexagonal, triangular, and mixed are studied
and their effects on the critical force of the beam are studied. The results showed that among
the studied metamaterial structures, hexagonal structure has a better performance than
other structures. Also, based on the numerical results, the use of metamaterials as the core of
the sandwich beam increases the critical force per unit weight. In addition, the increase in
shear effects in short beams and the effect of beam rotation reduces the effects of the core
structure in increasing the critical force compared to the non-rotating beam; therefore, at
high rotational speeds and long beams, the critical force of the sandwich beam and the
uniform beam are quite the same.
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Table 1 Elastic properties of the implemented metamaterials based on core
structure 28]

E*/Es G*/E

Square 0.5p, 0.0625p3

Hexagonal O 1.5p, 0.375p3
Triangular @ 0.333p, 0.125p,

Mixed 0.369p, 0.104p,
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Fig. 1 Geometry of the rotating beam subjected to distributed
tangential follower force and cross section sandwich structure
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Table 2 Comparison of dimensionless natural frequency of rotating

tapered beam with sandwich cross section for different taper ratios

& Model Mode2 Mode3
1 Present 3.5160 22.0340 61.6972

Navazi et. al. B! 3.5136 21.9284 60.9972

0.6 Present 4.0970 23.1186 62.7763
Navazi et. al. B! 4.0938 23.0073 62.0626

02 Present 5.3976 25.6558 65.7470
) Navazi et. al. *" 5.3924 25.5275 64.9845
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Table 3 Comparison of Dimensionless critical load of Timoshenko beam

subjected to distributed follower force (L/r=50)
Present Kim and Lee """

38.07 40.06 38.36

Irie et. al. "l
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Table 4 Mechanical and cross-sectional properties of sandwich beam
under consideration with metamaterial core

Parameters Value Unit

Density (p;) 2680 kg/m*

Elastic modulus (Ey) 80 GPa
Poison’s ratio (v) 0.3 -
Root width (b,0,;) 0.02 m
Film thickness (£;) 0.005 m
Core thickness (t.) 0.02 m
Shear correction factor (K) 0.85 -
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