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Table 2 Material parameters in reference documents

Materials Elastic module E (10° Pa) Passion ratio v Density p (kg/m’)
Zirconia 168 0.3 5700
Ref. [17]
Aluminum 70 0.3 2707
Stainless steel 207.788 0.3177 8166
Ref. [1]
Ni 205.098 0.3 8900
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Table 4 Influence of truncated terms on the dimensionless modal frequency of structures
M

n FEM

4 6 8 10 12
1 0.06223 0.05577 0.05530 0.05529 0.05529 0.05364
2 0.05613 0.04441 0.04382 0. 04380 0. 04380 0.04203
3 0.06248 0. 05075 0. 05040 0.05038 0.05038 0.04544
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K5 AEABREGHETIFGMs - EEENTERNTEXSLL
(R,=1m, R,=0.4226 m, LY=2.5m, ay=230°s h=0.1m, a=1, 6=0)
Table 5 Comparison of dimensionless frequencies of FGMs joined conical-cylindrical shell under different boundary conditions

(R,=1m, Ri=0.4226 m, LY=2.5m, ao=30", h=0.1m, a=1, b=0)

boundary condition

n k c-C SS-SS Ss-C
Present Ref. [19] Present Ref. [19] Present Ref. [19]
0.5 0. 05578 0. 05402 0.05477 0.05322 0. 05509 0.05354
2 0.05475 0. 05307 0.05384 0.05228 0.05412 0.05254
! S 0.05411 0.05239 0.05310 0.05157 0.05342 0.05187
10 0.05373 0.05198 0.05264 0.05112 0.05299 0.05148
0.5 0. 04415 0.04310 0.04295 0.04202 0.04391 0.04283
2 0. 04352 0.04255 0.04255 0.04161 0.04336 0.04226
’ 5 0.04340 0.04234 0.04224 0.04129 0.04317 0.04206
10 0.04313 0.04208 0.04184 0. 04091 0.04289 0.04180
0.5 0. 05069 0.04959 0.04972 0.04877 0. 05068 0.04958
2 0.05074 0.04954 0.04991 0. 04885 0.05073 0.04952
’ B 0.05162 0.05034 0.05069 0. 04956 0.05161 0.05033

10 0.05147 0.05023 0.05043 0. 04936 0.05146 0.05022
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Table 6 Comparison of frequency for FGMs cylindrical shell under SD-SD boundary conditions
(R,=1, h/R,=0.002, L/R=20)
n
k
1 2 3 4 5 6 7

Ref. [1] 13.211 4. 480 4.1569 7.0384 11. 241 16. 455 22.635
! Present 13.217 4,482 4.1583 7.0415 11. 246 16. 463 22.646
) Ref. [1] 12.933 4. 3834 4,.0653 6. 8856 10.999 16. 101 22.148
o Present 12. 939 4.3851 4.0666 6. 8886 11.004 16. 109 22.159
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Table 7 Variation of dimensionless modal frequency with circumferential wave number under different gradient exponent

Boundary k
condition " 0.3 0.5 1 3 5
1 0.05521 0.05015 0. 04366 0.03636 0.03435
2 0.02706 0.02517 0.02146 0.01792 0.01695
3 0.01497 0.01362 0.01190 0.00995 0.00941
o 4 0.00984 0.00897 0.00784 0.00659 0.00623
“e 5 0.00843 0. 00768 0.00674 0.00571 0.00542
6 0.00945 0.00862 0.00758 0.00647 0.00616
7 0.01191 0.01085 0.00954 0.00819 0.00781
8 0.01521 0.01385 0.01219 0.01047 0.00999
1 0.04031 0.03667 0.03199 0.02674 0.02530
2 0.01878 0.01709 0.01492 0.01248 0.01180
3 0.01020 0.00929 0.00812 0.00679 0.00643
4 0.00707 0.00644 0. 00565 0.00476 0.00451
SD-SD
5 0.00702 0. 00640 0.00563 0. 00480 0.00456
6 0.00882 0.00804 0.00708 0. 00607 0.00578
7 0.01161 0.01058 0.00931 0. 00800 0.00763
8 0.01506 0.01372 0.01207 0.01037 0.00990
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Analysis of Circumferential Free Vibration of Functionally
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Abstract This paper focuses on analyzing the circumferential free vibration of the functionally graded
joined conical-cylindrical shell to enhance the vibration performance and stability of the structure, particu-
larly in the aerospace field. First, the properties of the functionally graded materials (FGMs) are described
using the Voigt model and the four-parameter power function volume fraction. The energy expressions for
the conical shell and cylindrical shell are derived based on the previously obtained displacement-strain rela-
tionships formulated utilizing the Donnell thin shell theory. Then, artificial springs are introduced to simu-
late the continuity conditions and boundary conditions. The displacement function is constructed using
Chebyshev polynomials to enable a more accurate analysis of the structural response and performance. The
modal frequencies of the functionally graded joined conical-cylindrical shell are calculated employing the
Rayleigh-Ritz method with this displacement function. Hence, the influence of gradient exponent, bounda-
ry conditions, and geometric parameters on the modal frequencies is analyzed to reveal the vibration charac-
teristics of the structure. The main results indicate that increasing the volume fraction of ceramics effec-
tively enhances the modal frequencies of the structure, while higher gradient exponents lead to a decrease
in the modal frequencies. Stronger boundary constraints result in higher modal frequencies for the func-
tionally graded joined conical-cylindrical shell. With an increase in the circumferential wave number, the
influence of boundary conditions on the structural modal frequencies diminishes. The effect of boundary
constraints is more pronounced on the cylindrical shell compared to the conical shell. Additionally, the axi-
al spring stiffness has a more significant impact on the modal frequencies of the structure compared to the
circumferential and radial spring stiffnesses. When the circumferential wave number is greater than 3, the
modal frequency of the structure exhibits a linear increase with increasing shell thickness, whereas increas-
ing the conical and cylindrical shell length ratio leads to a decrease in modal frequency. Finally, when the
length ratio of the conical and cylindrical shell is fixed, increasing the cone angle initially results in an in-
crease in the modal frequencies of the structure until it reaches a peak value, after which it starts to de-
crease.

Key words joined conical-cylindrical shells, functionally graded material, Chebyshev polynomial,

modal frequency





