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Fig. 1 Coordinate system of a laminated shell model
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Table 1 Values o (t = 1,2, 3,r) for different

boundary conditions

Boundary conditions Ser Sty Sta S&

free (F) 0 0 0 0
shear-diaphragm (SD) 0 1 1
simply-supported (SS) 1 1 1 0

clamped (C) 1 1 1 1
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Table 2 Frequency paramet@f, = wnmR+/p/E> of cross-ply laminated cylindrical shells(= 1)

Boundary Stacking n

Number of shell segmemNy

10 Ref.[1] Ref.[2]
conditions sequence 2 4 8 12
SD-SD 90/0°/90°/0° 7 0.14305 0.14305 0.14305 0.14305 0.1431 0.14305
Cc-C 90 /0° 8 0.15271 0.15271 0.15271 0.15271 0.1535 0.15274
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Table 3 Frequency paramet@,, = wnmR+/p/E; of the cross-ply laminated cylindrical shell [90°/0°/90°]

with different boundary conditionsn(= 1)

Boundary conditions

SS-F SS-SD  SS-SS ss-c '-E E'-E" E'-g" E'-g"  g'-e"  EM-gM
0 057532 115063 115063 1.15063 115063 0.83546 0.83546 0.62577 0.62577 0.62577
1 039519 0.78815 079564 0.79573 0.79129 0.62052 0.61982 050432 050352  0.50321
2 023482 048794 050354 050374 049224 042724 042716 038503 0.38160 0.37998
3 015275 0.33491 035437 035467 033728 031563 0.31318 030462 0.29782 0.29374
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Table 4 Frequency parametef,, = wnmRz jooh/As; of
laminated conical shells {®0°) [n = 0, boundary

conditions: SD-SD]

Number of shell segmeNy
1 2 6

0.01 0.1770 0.1770 0.1770 0.1770 0.1799 0.1769
0.03 0.2359 0.2359 0.2359 0.2359 0.2397 0.2360

h/Ry Ref.[8] Ref.[9]
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Table 5 Frequency parame@?ﬁ,m = wnmR2 v/poh/Aq1 for laminated conical shells {B0°] with
different boundary conditionsn(= 1)

h/R SD-C C-SD c-C
2 Ref.[8] Present Ref.[8] Present Ref.[8] Present
0.01 0.2656(7) 0.2672 0.264 1(7) 0.2622 0.2986(7) 0.2983
0.03 0.495 8(5) 0.5036 0.5027(5) 0.4922 0.6210(5) 0.6187
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p = 1500 kgm®. X3/ fif T H S EL Ng = 2. 3K 6 14§

& 6 EIREIE Qo = wnmRp/E2
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Table 6 Frequency parametf., = wnmR+/p/E; of laminated
spherical shellsng = 1; boundary condition: C-C)

0° o 0°/90°  0°/90°/0°
Ref[10] 0.884(1) 0.976(1) 1.157(1)  1.133(1)
present  0.88941 097686  1.15827  1.14109
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A NEW METHOD FOR FREE VIBRATION ANALYSIS OF COMPOSITE LAMINATED
SHELLES OF REVOLUTION Y

Qu Yega® HuaHongxing Chen Yong Long Xinhua Meng Guang
(State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, SH20@2%0 Ching)

Abstract A semi-analytical domain decomposition approach is proposed for free vibration analysis of laminated com-
posite shells of revolution subjected to arbitrary boundary conditions. A laminated shell structure is divided into some
shell segments along the axis of revolution. The geometrical boundaries are treated as special interfaces as those betwe
two adjacent shell segments. All interface continuity constraints are incorporated into the system potential functional by
means of a subdomain generalized variational principle and least-squares weighted residual method. Double mixed serie
i.e. the Fourier series and Chebyshev orthogonal polynomials, are adopted as assumed admissible displacement functio
for each shell segment. In order to validate the proposed formulation, typical laminated shells of revolution, such as
circular cylindrical, conical and spherical shells, with various combinations of edge support conditions, are examined.
The numerical results obtained from the present method show good agreement with previously published results. The
present solution is veryfigcient, robust and accurate. The computational advantage of the approach can be exploited to
gather useful and rapid information about tikeets of geometry and boundary conditions on the vibrations of laminated
composite shells of revolution.

Key words domain decompositiorsubdomain generalized variational principleast-squares weighted residual method
composite laminated shell of revolutiorfree vibration
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