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In this study, the free vibration analysis of rotating and non-rotating fiber metal laminate (FML) beams, hybrid com-
posite beams (HCB), and functionally graded beams (FGB) are investigated. FML beams are high-performance
hybrid structures based on alternating stacked arrangements of fiber-reinforced plastic (FRP) plies and metal alloy
layers. Hybrid composite beams are materials that are made by adding two different fibers. Functionally graded
beams are new materials that are designed to achieve a functional performance with gradually variable properties
in one or more directions. The effects of different metal alloys, composite fibers, and different aspect ratios and
angular velocities on the free vibration analysis of FML beams are studied. The effects of different angular veloc-
ities and different aspect ratios of rotating and non-rotating hybrid composite beams are also investigated. Finally,
the effects of different angular velocities and different material distributions, namely the power law, exponential
distribution, and Mori Tanaka’s scheme on the free vibration analysis of FGB, are also invesigated.

1. INTRODUCTION

Fiber metal laminates, hybrid composites, and functionally
gradient beams are often used in engineering applications. Ro-
tating FML, HCB, and FGB are especially used in helicopter
and wind turbine blades. FML are hybrid structures consist-
ing of different metal sheets and FRP composite layers such as
glass, aramid, and carbon fibers. One of the most important
objectives of their production is to combine the good impact
resistance of the metals with the light weight characteristic of
FRP. A combination of two or more various types of fibers in
a single plastic gives a hybrid composite and it is mainly used
in the aerospace industry. Sometimes, a ceramic layer or steel
material may be bonded to the surface of other metallic struc-
tures and act as a thermal barrier in a high temperature environ-
ment. The sudden change in the material properties across the
bonded region produces a stress jump and may further give rise
to delamination or cracking of the interface. One way to over-
come this shortcoming is to employ an FGB beam in which the
material properties vary continuously and thereby possess no-
ticeable advantages over homogeneous and layered materials
in maintaining the integrity of the structure.

In order to design these types of structures, their dynamic
analysis needs to be investigated. The dynamic analysis char-

acteristics of rotating FML, HCB, and FGB beams differ from
those of non-rotating structures. The centrifugal inertial force
due to the rotational motion causes the increment of the bend-
ing stiffness of the structure, which naturally results in the vari-
ation of natural frequencies. Sinmazcelik et al.1 explained
and reviewed the different types bonding and different testing
methods on different FML. Huang et al., proposed a discrete
method for the analysis of flap-wise bending vibration of rect-
angular plates using Dirac’s delta function.2 The effects of
the positions of point supports, the variable thickness, the as-
pect ratio, and the boundary conditions on the frequencies were
studied. Hashemi et al. studied the effect of different parame-
ters, including the aspect ratio, thickness ratio, hub radius ratio,
and rotation speed on the natural frequencies of rotating thick
plates by using the Mindlin-Reissner plate theory along with
second order strain-displacement assumptions that were ap-
plied for plate modeling.3 The Kane dynamic method was em-
ployed for the derivation of nonlinear governing equations of
motion, which included the Coriolis effects and the couplings
between in-plane and out of plane deformations. The free vi-
bration of rotating tapered cantilever Bernoulli-Euler beams
with linearly varying rectangular cross-section was studied by
Ozdemir and Kaya by using differential a transform method.4

For rotating Euler beams at high angular velocities, Huang et

418 https://doi.org/10.20855/ijav.2016.21.4436 (pp. 418–428) International Journal of Acoustics and Vibration, Vol. 21, No. 4, 2016


