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Abstract: A wave finite element method was developed for the free vibration analysis of lattice core sandwich
cylindrical shells. Firstly, based on the propagation law of free waves, governing equations for a core element
of the lattice core sandwich cylindrical shell was established. Compared with the full-scale finite element mod-
el, degrees of freedom of the governing equations for a core element are significantly reduced. Secondly, an ex-
plicit expression for the inverse of the constrained dynamic stiffness matrix was derived based on the Neumann
series, which not only improves computation efficiency but also separates the natural frequency from the gover-

ning equations, thereby transforming the natural frequency solution of the lattice core sandwich cylindrical shell
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into a quadratic eigenvalue problem of a core element. Finally, according to the relationship between the struc-
tural vibration mode and the free wave, the expressions of the axial and circumferential wave propagation pa-
rameters of the cylindrical shell were given, and the natural frequencies and modes of the lattice core sandwich
cylindrical shell were obtained. Numerical examples of the free vibration analysis on a lattice core sandwich cy-

lindrical shell under different boundary conditions verify the validity and efficiency of the proposed method.

Key words: lattice core; cylindrical shell; free vibration; wave finite element; wave propagation
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Fig. 1 The finite element model for a core element in

a lattice core sandwich cylindrical shell
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(a) A lattice core sandwich cylindrical shell (b) A pyramidal lattice truss core element
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Fig. 2 The lattice core sandwich cylindrical shell and a pyramidal lattice truss core element
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Table 1  Comparison of natural frequencies of the lattice core sandwich shell with simply supported boundary conditions at both ends

n =2 n=3 n =4 n=>5

m present ~ FEM error present ~ FEM error present ~ FEM error present ~ FEM error
F/Hz F/Hz 6/% F/Hz F/Hz &6/% F/Hz F/Hz 6/% F/Hz F/Hz 6/%

63.85 63.84  0.015 72.41 72.36  0.069 123.59 123.55 0.032 192.13  192.09 0.021
188.95 188.97 -0.011 127.99 127.91  0.063 145.66 145.51 0.103 204.58 204.41 0.083
321.37 321.43 -0.019 217.41 217.32  0.041 194.79 194.54  0.129 232.03 231.71  0.138
431.87 431.95 -0.019 311.86 311.77  0.029 261.98 261.67 0.118 275.34 274.87 0.171
5 516.00 516.07 -0.014 398.52  398.42  0.025 335.31 334.96 0.104 330.19  329.62 0.173
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Table 2 Comparison of natural frequencies of the lattice core sandwich shell with clamped boundary conditions at both ends
n=2 n=23 n =4 n=>5
m present ~ FEM error present  FEM error present  FEM error present  FEM error
F/Hz F/Hz &6/% F/Hz F/Hz &6/% F/Hz F/Hz 6/% F/Hz F/Hz 6/%
1 122.00 101.70  19.961 93.63 87.42 7.104 131.34 12791 2.682 196.78 193.72  1.580
2 256.90 212.26 21.031 170.71  151.09  12.986 167.13  158.03  5.758 216.22  210.19  2.869
3 380.00 331.64 14.582 265.10 23526 12.684 226.97 210.42  7.865 251.90 241.61 4.259
4 477.01 43691 9.178 356.53 323.48 10.217 298.44 276.14 8.076 301.67 286.81 5.181
5 549.70  520.28  5.655 437.62 406.78  7.581 371.90 347.02 7.170 360.24 341.75 5.410
R3 PIGH PR (FF) mFEn B TE R A fR SR 3T
Table 3 Comparison of natural frequencies of the lattice core sandwich shell with free boundary conditions at both ends
n =2 n=73 n =4 n=>5
m present ~ FEM error present ~ FEM error present ~ FEM error present  FEM error
F/Hz F/Hz 6/% F/Hz F/Hz 6/% F/Hz F/Hz 6/% F/Hz F/Hz 6/%
- 172(A, = 0) 22.80 22.71  0.396 63.59  63.33  0.411 119.66  119.10  0.470 189.09 188.16 0.494
1 28.18  24.04 17.221 64.68  65.04 -0.554 120.42  120.84 -0.348 189.79 189.79  0.000
2 122.00 129.83 -6.031 93.63 97.27 -3.742 131.34 13423 -2.153 196.78 199.29 -1.259
3 256.90 269.57 -4.700  170.71 177.66 -3.912 167.13  172.35 -3.029  216.22 220.94 -2.136
4 380.00 396.43 -4.144  265.10 275.78 -3.873  226.97 234.54 -3.228  251.90 258.51 -2.557
5 477.01 492.12 -3.070  356.53 369.24 -3.442  298.44 308.07 -3.126  301.67 309.92 -2.662
a4 BB SRR (CS) BP9 B R S5 1
Table 4 Comparison of natural frequencies of the lattice core sandwich shell with one end clamped and the other end simplify supported
n=2 n=23 n =4 n=>5
m present ~ FEM error present  FEM error present  FEM error present  FEM error
F/Hz F/Hz &6/% F/Hz F/Hz &6/% F/Hz F/Hz &6/% F/Hz F/Hz 6/%
1 91.16  82.72  10.203 81.16  78.88  2.890 126.75 12535  1.117 194.12  192.80 0.685
2 223.16  201.60 10.694 148.62 13991  6.225 155.54 151.58 2.612 209.89 207.13  1.332
3 351.49 326.67 7.598 241.27 226.64  6.455 210.42  202.59 3.865 241.48 236.58 2.071
4 406.80 43446 -6.367  288.68 317.77 -9.154 24421 269.05 -9.232  263.21 280.86 -6.284
5 497.23 518.16 -4.039  377.88 402.64 -6.149  316.87 341.08 -7.098 31570 335.73 -5.966
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Table 5 Comparison of natural frequencies of the lattice core sandwich shell with one end clamped and the other end free

n =2 n=3 n =4 n=>35

m present FEM error present FEM error present FEM error present FEM error

F/Hz F/Hz 6/% F/Hz F/Hz 6/% F/Hz F/Hz 6/% F/Hz F/Hz 6/%

1 28.18  31.89 -11.634  64.68 64.82 -0.216 120.42 119.95 0.392 189.79 189.01 0.413

2 122.00 110.66 10.248 93.63 91.28 2.574 131.34 130.96  0.290 196.78 196.49  0.148
3 256.90 239.50 7.265 170.71 163.47  4.429 167.13 164.90 1.352 216.22  215.57 0.302
4 380.00 363.26 4.608 265.10 254.43  4.194 226.97 221.95 2.262 251.90 249.97 0.772
5 477.01 465.45 2.484 356.53 34596 3.055 298.44 291.65 2.328 301.67 298.22 1.157
:l_: N
5 én 1/8
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