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Fig. 2 Influence of stiffness values of connection spring on natural frequency of cylindrical shell
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Fig. 3 Convergence curve of FG stepped cylindrical shell with stiffness of boundary spring

R2 TRBFREGHETHEENEME

Table 2 Values of spring stiffness with different boundary conditions
R AT ki, (N/m) &, (N/m) ki, (N/m) kL (N« m/rad) ky (N » m/rad)
F 0 0 0 0 0
C 10" 10" 10" 1012 1ot
S 0 10" 10" 0 0
El 108 10 10° 10° 10°
E2 0 0 108 10® 0
E3 0 108 10° 0 0
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Table 3 Influence of number of shell segment on dimensionless frequency of cylindrical shell with S-S boundary conditions

7 B AL
n SCHk d;
2 3 4 5
1 0.01610 0.01610 0.01610 0.01610 0.01610 0
2 0. 00939 0. 00939 0. 00939 0. 00939 0.00938 0
3 0.02210 0.02210 0.02210 0.02210 0.02210 0
4 0.04209 0.04209 0.04209 0.04209 0.04209 0
5 0.06798 0.06798 0.06798 0.06798 0.06801 0. 044
6 0.09967 0.09967 0.09967 0.09967 0.09973 0. 060

R4 TRBFEZFHET FC Mk BT E AR S

Table 4 Convergence of natural frequency of FG stepped cylindrical shells with different boundary conditions

I A #5 % (HZ)
HF AT n Wi M
M=5 M=7 M=9 M=11 M=13
1 2866.576 2834.165 2827.051 2827.048 2827. 045
2 1564. 023 1539. 004 1531. 586 1531.576 1531.571
C-C 3 1250. 266 1241.002 1237.053 1237. 043 1237. 040
4 1565. 767 1556. 872 1552. 716 1552. 708 1552. 702
5 1969. 577 1959. 528 1955. 793 1955. 784 1955. 770
1 2094. 033 2093. 789 2093.762 2093. 758 2093.756
2 933. 541 933. 475 933.475 933.475 933. 475
S-S 3 983. 712 983. 201 982. 857 982. 851 982. 850
4 1390. 531 1388. 651 1388. 081 1388.079 1388. 075
5 1846. 697 1843.930 1843.137 1843. 134 1843. 131
1 1169. 010 1163.392 1161. 714 1161. 416 1161. 132
2 498. 131 496. 450 495. 836 495. 827 495. 822
C-F 3 611.957 611.123 610. 398 610. 386 610. 373
1 1032. 125 1030. 495 1028. 988 1028. 971 1028. 969
5 1620. 061 1617. 527 1615. 302 1615. 302 1615. 302

Lo/L=1/2. L/R=10. REAIMAN Q=R = gquig pe g g — 3ok,
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Table 5 Comparisons of dimensionless frequency of cylindrical shells with arbitrary boundary conditions

A n=1 n=2 n=3 n=4
SCHkE 0.0161 0.03927 0.1098 0.21028
S-S iN's 0.0161 0.03927 0.1095 0. 209015
d, 0 0 0.003 0. 006
ik 0.03285 0. 04064 0.10997 0.21032
c-C AL 0. 03297 0. 04067 0.10964 0. 20907
d; 0. 004 0 0.003 0. 006

®6 SSHREHAHT FCEHEERHERRELR

Table 6 Comparisons of natural frequency of FG cylindrical shells with S-S boundary conditions

& A 45 % (HZ)
n N=0.5 N=2
SCHRE A3 SCHERE AL
1 13.321 13.323 13.103 13.103
2 4.5299 4.5169 4, 4435 4.4433
3 4.2586 4,191 4.1235 4.1234
4 7.2166 7.0919 6.982 6.9818
B 11.512 11. 337 11. 151 11. 151
KT HWHEHEZETENMEILER
Table 7 Comparisons of dimensionless frequency of stepped cylindrical shells
S-S C-C
' S S KX ik Sk KX
1 0.05654 0.05654 0.05654 0.09765 0.09766 0.09864
2 0.02074 0.02074 0.02075 0.04136 0.04136 0.04181
3 0.02054 0.02053 0.02055 0.02774 0.02773 0.02787
4 0.02914 0.02913 0.02916 0.03374 0.03372 0.03384
5 0.03819 0.03818 0.03820 0.04138 0.04136 0.04145
K. 7E E1-E1 1 E1-E2 W fh stk sh R4 T,
BRI A4 R WA L 160 S T 8. 4 8 T
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Table 8 Comparisons of natural frequency of FG stepped

cylindrical shells withdifferent boundary condi-

tions
IE] A 47 (Hz)
! S-S C-C El-E1l E1-E2
1 2093 2826 736 622
2 933 1530 753 709
3 982 1236 976 947
4 1387 1552 1390 1347
5 1842 1955 1855 1823
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Research on Vibration Characteristics of Functionally Graded Stepped

Cylindrical Shells with Arbitrary Boundary Conditions

Chong Tang' Yu Wang' Xuehui Li' Zigiang Xu' Zhihong Yang®
(" School o f Mechanical Engineering and Automation , University of Science and Technology Liaoning , Anshan, 114051)

(*Shanxi North Jindong Chemical Company Limited , Yangquan , 045000)

Abstract Research on vibration characteristics of functionally graded materials (FGMs) in the aero-
space field is a hot topic of current research. In this paper, the vibration characteristics of metal-ceramic
functionally graded (FG) stepped cylindrical shells under arbitrary boundary conditions are studied. To
conduct this research, a mechanical model of a metal-ceramic FG stepped cylindrical shell based on the axi-
al segmentation concept is developed. First, the properties of metal-ceramic FGMs are obtained using the
Voigt model and power function volume fraction. Second, the artificial spring technique is introduced to
simulate continuous coupling conditions of shell segments and arbitrary boundary conditions at the ends of
the shell. The energy expression for the cylindrical shell is then derived based on the first-order shear de-
formation theory. Finally, the admissible function is constructed via the Chebyshev polynomial, and the
dynamic differential equations of the metal-ceramic FG stepped cylindrical shell under arbitrary boundary
conditions are calculated using the Rayleigh-Ritz method. The validity and convergence of the method are
verified through comparison with existing literature, and the effects of boundary conditions, volume frac-
tion, geometric parameters, and spring stiffness on modal frequencies are analyzed. It is found that the
natural frequency of the FG stepped cylindrical shell initially decreases and then increases with increased
number of circumferential waves under classical boundary conditions, and it increases with the number of
circumferential waves under both elastic boundary conditions. The natural frequency of the shell increases
exponentially with volume fraction. The effects of length-to-radius ratio and thickness-to-radius ratio on
the vibration characteristics of the shell differ, with the natural frequency of the shell decreasing with in-
creased length-to-radius ratio and increasing with thickness-to-radius ratio. Additionally, the stiffness of
translational springs significantly influences the vibration characteristics of the shell compared to rotational
springs.

Key words functionally graded materials, stepped cylindrical shells, arbitrary boundary conditions,

vibration characteristics, artificial spring technology





