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The present study investigates the dynamic behavior of rotating sandwich beams with variable thickness, consisting of
an auxetic core (either extensional or high-damping elastomeric) and metallic face sheets. Such structures are
increasingly employed in aerospace, automotive, and advanced rotating tool applications. The modeling is carried out
using higher-order shear deformation theory, and the governing equations are derived via Hamilton’s principle and
solved using the generalized differential quadrature method. Numerical results indicate that increasing the angular
velocity leads to a pronounced rise in natural frequencies due to the centrifugal stiffening effect, whereas increasing
the tapering parameter results in a reduction of the frequencies owing to the decrease in bending stiffness. In addition,
increasing the aspect ratio of the auxetic cell dimensions and decreasing the cell re-entrant angle significantly enhance
the natural frequencies. The choice of different metals for the face sheets also has a notable influence on the vibrational
response, with steel providing the greatest increase in natural frequency. These findings not only contribute to a deeper
understanding of the vibrational behavior of auxetic structures under rotational conditions, but also facilitate the design
of advanced systems in the aforementioned industries.
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with respect to the cell angle.
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Table 1 Comparison of the results with previously published studies.

Mode
Number Present Work Ref. [V0] Ref. [\5] Ref. [\Y]
1 31.463 31.46 31.46 34.13
2 193.702 193.7 193.7 202.1
3 529.241 529.2 529.2 527.4
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Table 2 Geometrical and mechanical specifications of the base model
for parametric and validation study.

Parameter Symbol Unit Value
Length L m 0.6
Width b m 0.05
Core’s initial thickness hy m 0.02
Top layer’s thickness he m 0.003
Bottom layer’s thickness hy m 0.003
tapering parameter B - 0~0.3
Facesheets material type - Aluminium alloy
Facesheets Young's E GPa 70
modulus
Facesheets Poisson’s ratio vr - 0.33
Facesheets density or kg/m? 2700
Core’s matrix properties Ey, Gy, po - Ref. [26]
Cells aspect ratio M =L/l - 2
Cells angle 6 Degree 30
Hub radius R m 0.1~0.25
Angular speed Q rpm 0~1500
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Fig. 4 Convergence study of the results under different boundary
conditions
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Fig. 9 Effect of the core thickness and tapering parameter on the
results
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Fig. 8 Effect of rotational speed on the frequencies of different
modes
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Fig. 11 Effect of the beam length and face sheet thickness on the
results
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Fig. 10 Effect of the beam length and core thickness on the results
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Fig. 12 Effect of the beam length and tapering parameter on the
results
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Table 3 Effect of rotational speed and tapering parameter on the frequencies of different vibration modes.

=0 y=0.3 y=0.4
Mode
Number
=0 2=0.01 2=0.05 1=0.1 =0 2=0.01 21=0.05 2=0.1 =0 2=0.01 2=0.05 2=0.1

1 5966.48  5937.288 5819.783 5671.166 8445.312 8424.415 8340.457 8234.622 9837.16 9818992 9745946 9653.726
2 13585.17 13519.02 13252.46 12914.67 18283.06 18233.86 18036.24 17787.3 32939.62 32867.27 20877.82 20632.35
3 21279.42 2129845 2137512 21324.65 21270.38 21289.64 21367.08 21464.88 45410.22 45449.74 21307.27 21433.32
4 22422.02 22313.89 21877.86 21472.18 28964.85 28882.3 28550.39 28131.43 45778.51 45671.54 32576.44 32209.4
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Table 4 Effect of rotational speed and radius of hub on the frequencies of different vibration modes.

=0
Mode

Number

R=0.05 R=0.1 R=0.25 R=0.05

1 6179.845 6206.143 6284.1 6838.54

2 13965.53 14012.32 14151.37 15201.84

3 21297.94 21297.89 21297.72 21296.39

4 22917.67 22981.07 23169.82 24614.33

y=0.2 v=0.3

R=0.1 R=0.25 R=0.05 R=0.1 R=0.25

6929.3 7191.828 7774.11 7943.904 8424.415
15367.59 15850.26 17005.66 17324.18 18233.86
21296.16 21295.46 21293.27 21292.52 21289.64
24843.59 25514.08 27141.76 27591.51 28882.3
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Table 5 Effect of rotational speed and auxetic cell angle on the frequencies of different vibration modes.

Mode r=0
Number _ —~ - — -
=0 =30 »=45 @=60 =0
1 6222909 5937.288 5632968 5134.785 6554.721
2 14166.95 13519.02 1282853 11697.18 14771.45
3 22225.06 2129845 20192.25 1846544 2222435
4 23376.13 22313.89 21180.69 19321.86 24193.68

v=0.1 v=0.3
=30 »=45 =60 =0 =30 »=45 »=60
6284.1 5997.22 5531.414 8637.573 8424.415 8200.823 7843.064
1415137  13493.37 12422.51 18731.84 18233.86 17712.36 16879.41
21297.72 2019148 18464.61 22216.89 21289.64 20181.88 18450.88
23169.82 22081.4 20306.19 29721.54 28882.3 28000.54 26586.99
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Table 6 Mechanical properties of the metallic facesheets.
Young’s Modulus

Density

Metal Type (GPa) Poisson’s Ratio (kg/m?)
Aluminum alloy 70-80 0.33 2700
Titanium alloy 110-120 0.34 4500
Magnesium alloy 45-50 0.29 1800

Steel 210 0.3 7850
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Table 7 Variation of the natural frequency with respect to the face sheet
material.
Mode

Number Alumi Tit Mag Steel
1 6295.602 6273.006 6265.816 6284.1
2 14172.52 14130.98 14117.78  14151.37
3 21297.7 21297.75 2129776 21297.72
4 23198.62 23142.07 23124.1 23169.82
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