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Stationary random response analysis of three-dimensional sandwiched
cylindrical shells
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Abstract: Based on the three-dimensional elasticity theory, the smooth stochastic response model of three-dimensional sandwiched
cylindrical shells is established by using the unified series method and the pseudo-excitation method (PEM). The cylindrical shell
subdomains are divided according to the interlayer property differences of the sandwich material, and the kinetic energy, strain ener-
gy, boundary potential energy and smooth random excitation work of each subdomain are established by using three-dimensional
elasticity theory combined with the virtual excitation method. The mechanical coordination conditions between the layered subdo-
mains are converted into coupling condition energies by the coupling penalty function method, and then the overall energy general-
ization of the sandwiched cylindrical shell is obtained by superposing the energies of each subdomain. The displacement compo-
nents of each subdomain are constructed using a unified level expression and solved by combining the Rayleigh-Ritz method to ob-
tain the stochastic response of the three-dimensional sandwiched cylindrical shell structure. The correctness of the stochastic re-
sponse model is verified by comparison with literature and finite element results. Finally, the effects of thickness-to-radius ratio,
lay-up angle of laminated-functional gradient sandwich material and power-law index on the random response of three-dimensional

sandwiched cylindrical shell are analyzed.

Keywords: random vibration; laminated-functional gradient sandwich material; three-dimensional cylindrical shell; unified series

method ; pseudo-excitation method
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Fig. 1 Schematic diagram of three-dimensional sandwiched

cylindrical shell model
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Fig.2 Schematic diagram of two material distribution types
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Fig.3 Schematic diagram of subdomain division
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Tab.1 Comparison of natural frequencies of cylindrical shells of 3D laminated material with S-S boundary condition
. Sk I A 45 4/ Hz
1B 2By 3B 4B 5K 6 By 7By 8 B
Xiik[14] 143.69 199.25 412.42 624.24 762.20 834.62 838.23 848.27
1 ATk 143.70 199.26 412.43 624.30 762.22 834.75 838.26 848.29
W2/ % —0.002 —0.003 —0.004 —0.010 —0.002 —0.015 —0.003 —0.002
SCHk[14] 203.85 286.27 402.62 606.97 812.45 878.69 892.52 972.12
2 AR ICTT Ik 203.86 286.27 402.63 607.04 812.59 878.72 892.55 972.15
T 22/ V% —0.005 0 —0.004 —0.011 —0.017 —0.003 —0.003 —0.003

F2 ARBREGTHZLEIhEER EMBEET RN (B4 Hz)
Tab.2 Comparison of fundamental frequencies of cylindrical shells of 3D functional gradient material under different

boundary conditions(Unit: Hz)

) WR, F-F i1 5 %1% C-S i %14

SCHk[9] ATk W2/ % SCHk[9] ARICT5 W2/ %

0.5 201.81 201.92 —0.054 545.12 545.10 0.004

00 1.0 259.15 259.27 —0.046 568.57 568.50 0.012
0.5 201.71 201.85 —0.072 542.23 542.27 —0.007
! 1.0 260.54 260.70 —0.063 567.13 567.14 —0.001
_ 0.5 206.70 206.95 —0.119 535.56 535.75 —0.035
7 1.0 262.20 262.50 —0.113 554.21 554.43 —0.039
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Tab.3 Comparison of natural frequencies of 3D sandwiched cylindrical shells with two material distribution types

, . [ 4% R F/ [& 45 J5 % /Hz
PR ik - - -
cm 1By 2 By 35 4By 5Fr 6 75
3X3X3 32758  327.58  343.63  343.63  424.20  462.01  462.01
MBI HRRIT R Ax4x4 327.65  327.65  343.68  343.69  424.15  462.67  462.67
KA A
ot 5%X5X5 32783  327.83  343.65  343.65  424.18 46252  462.52
[0°/90°/FGM/
90°/0°] ARSIk — 32913 329.13  344.16  344.16  423.21  463.07  463.07
2/ % — —0.397  —0.397 —0.149 —0.149  0.228  —0.120 —0.119
3X3X3 34472 34472  361.04  361.04  482.23  486.17  486.18
MR HRRIETE: 4X4X4 34476 34476 361.03  361.03  482.18  486.40  486.41
% B
RO 5%X5X5 34506  345.06  361.17  361.17  482.26  486.93  486.94
[FGM/0°/90°/
0°/EGM] ARSIk — 347.49 34749  361.84  361.84  481.26  491.15  491.15
2/ % — —0.706 —0.705 —0.186 —0.186  0.207  —0.867 —0.865




(d) Displacement response of type B
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(e) Velocity response of type B
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Fig.4 Comparison of random response PSD of 3D sandwiched cylindrical shells with two material distribution types
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