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Analysis on traveling wave modal frequency of a rotating
FGMs laminated cylindrical shell

LIU Chao, LIU Wenguang, LU Zhipeng, ZHANG Yuhang

(School of Aeronautical Manufacturing Engineering,

Nanchang Hangkong University, Nanchang 330063, China)

Abstract: For prompting the application of functionally graded materials (FGMs) in the
fields of engines, missiles and rockets, the traveling wave modal frequencies of rotating FGMs
laminated cylindrical shell were studied. The Voigt model and Sigmoid volume fraction were em-
ployed to describe the material properties of the FGMs laminated cylindrical shell. The energy ex-
pression of the rotating FGMs laminated cylindrical shell was derived with the Coriolis force,
centrifugal inertial force, hoop initial tension and thermal internal force involved. The modal fre-
quency equation of the FGMs laminated cylindrical shell with arbitrary boundary conditions was
derived by using the Chebyshev orthogonal polynomial as the admissible displacement function.
And the effects of material components, sandwich thickness, temperature gradient and spring
stiffness coefficients on the modal frequency of the FGMs laminated cylindrical shell were dis-
cussed. Results indicate that the sandwich thickness is more sensitive to the traveling wave mode

than the Sigmoid volume fraction index; the short thin-walled cylindrical shell is more sensitive
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to boundary conditions and instability than the long thin-walled structures at high rotation

speeds; the axial spring stiffness has a greater effect on the traveling wave mode than other

spring stiffness.

Key words: FGMs laminated cylindrical shell; rotating speed; modal frequency;

arbitrary boundary; Chebyshev polynomials
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Table 2 Comparison of non-dimensional frequency for a rotating laminated cylindrical shell with

C-C boundary condition

Cik[21] AL
0, n
[ w, Wy w,
1 0.0305 0.036 4 0.030 3 0.036 3
2 0.009 9 0.0147 0.009 8 0.014 6
0.003
3 0.008 3 0.0119 0.008 3 0.0119
4 0.0125 0.0153 0.012 5 0.0153
1 0.0277 0.039 6 0.027 3 0.039 2
2 0.009 4 0.0190 0.008 9 0.018 5
0. 006
3 0.0132 0.020 4 0.0124 0.0197
4 0.020 2 0.0258 0.020 2 0.0258
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Table 3 Comparison of non-dimensional frequency for a rotating FGMs laminated cylindrical shell

with S-S boundary condition

SCHRLS] AL
N n
W, w, W, w,
1 0.002 5 0.0029 0.002 4 0.0030
2 0.000 8 0.001 2 0.000 8 0.001 2
! 3 0.0010 0.001 3 0.0010 0.001 3
4 0.0017 0.0019 0.0017 0.002 0
1 0.002 6 0.002 8 0.002 6 0.002 8
2 0.002 6 0.003 1 0.002 5 0.003 1
’ 3 0.000 8 0.001 2 0.000 8 0.001 3
4 0.0010 0.001 3 0.0010 0.001 3

F4 S-SHEHEFGMs R & REEFTITRESK SIS 7
(L/R=20,h/R=0.005,h=0.002,R=1 m, 2,=0.001,N,=1,N,=1,T,=100 K)
Table 4 Convergence analysis of traveling wave mode for a S-S rotating FGMs laminated cylindrical shell
(L/R=20,h/R=0.005,h=0.002,R=1 m, 2,=0.001,N,=1,N,=1,T,=100 K)

ik T TR A
! B 4 6 8 10 12
, 0.018 1 0.0170 0.0170 0.0170 0.0170
! , 0.020 1 0.0190 0.0190 0.0190 0.0190
, 0. 005 4 0.004 8 0.004 8 0.004 8 0.004 8
’ , 0.007 0 0.006 4 0.006 4 0.006 4 0.006 4
, 0.0125 0.012 4 0.012 4 0.012 4 0.012 4
’ , 0.0137 0.0136 0.0136 0.0136 0.0136
w, 0.024 9 0.024 4 0.024 4 0.024 4 0.024 4
! , 0.0258 0.0254 0.0254 0.0254 0.0254
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Fig.3 Variation of traveling wave mode for a rotating
FGMs laminated cylindrical shell with respect to

circumferential wave number n (N,=N,=1)
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Fig.4 Variation of traveling wave mode for a rotating FGMs laminated cylindrical shell with respect to

volume fraction index N and rotating speed (2,
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