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Fig. 1 Functional gradient one-dimensional quasicrystal laminated simply supported beam
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Table 1 Material properties of Al-Ni-Co quasicrystal (QC1) and QC2 (C; » K; and R; in 10° N/m” and p in 10° kg/m?)
Cn Cis Css Cu R, R; =R, K, K, 14
QC1 234,33 66.63 232.22 70.19 8. 846 8. 846 122 24 4.186
QC2 150 90 130 50 1.5 1.2 0.3 0.18 4,186
0.10——— g %2 ERHOMZRONONEGRE
Table 2 The first four natural frequencies of the
0.08F
quasicrystal uniform simple support beam
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Fig. 2 Plot of material proportionality factor along

beam thickness
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Table 3

The first four natural frequencies of the quasicrystal simple supported

beam under two stacking sequences (h/L=0.1)

QC1/QC2/QC1 QC2/QC1/QC2
K 1 2 3 4 1 2 3 4
10 0.2704 0.8186 1. 0152 1.5956 0.1789 0.5232 0. 6901 0.9603
0 0.2641 0.7966 0.9968 1. 5513 0.1755 0.5532 0.6791 1.0082
—10 0.2574 0.7742 0.9754 1.5065 0.1720 0.5810 0.6669 1.0464
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Fig. 6 Variation of displacement components along the thickness direction of layered beams
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Study on Free Vibration and Bending Deformation of Functionally Graded

One-Dimensional Hexagonal Quasicrystal Laminated Beams

Dewang Gao' Junhong Guo'* Haotian Wang' Tuoya Sun®
(! Department o f Mechanics, College of Science, Inner Mongolia University of Technology, Hohhot, 010051)
(*School o f Aeronautics, Inner Mongolia University of Technology . Hohhot, 010051)

Abstract The pseudo-Stroh formulism can transform the governing equations of multi-field coupling
materials such as quasicrystals into a linear eigensystem, enabling the exact solution of multilayered struc-
tures with simply-supported boundary conditions. This provides an important reference for various numeri-
cal and experimental methods of quasicrystal beams in engineering practice. In this paper, the free vibra-
tion and bending problems of one-dimensional (1D) hexagonal quasicrystal (QC) laminated beams with
functional gradients are investigated using the pseudo-Stroh formula. A simply-supported QC laminated
beam is modeled, and the transfer matrix method is used to derive the exact solutions for natural frequency
of free vibration and bending deformation displacements of the beam under simply-supported boundary con-
ditions. The obtained results are compared with the existing ones to verify the accuracy and precision of
the presented model. Numerical examples are provided to show the effects of high span ratio, layer thick-
ness ratio, and functional gradient coefficient on the natural frequency., bending deformation, and mode
shape of simply-supported 1D QC laminated beams under two different stacking sequences. The results
show that natural frequency increases with the increase of functional gradient coefficient. Phonon displace-
ment decreases while phason displacement increases with the increase of functional gradient coefficient un-
der the two stacking sequences. Functional gradient coefficient and stacking sequence minimally affect pho-
non displacement modes but significantly impact phason displacement modes. Moreover, they notably af-
fect phason stresses compared to phonon stresses in QC laminated beams. Thus, the optimal natural fre-
quency and deformation displacement of a QC beam can be achieved by adjusting geometric size, stacking
sequence, and functional gradient coefficient of the layered beam. These findings can provide theoretical
references for various numerical methods and experimental studies on QC beams.

Key words quasicrystal, functional gradient, simply-supported beam, free vibration, bending de-

formation





