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Free Vibration Analysis of Clamped-Free Laminated Orthotropic Circular
Cylindrical Shells
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Abstract

Free vibration characteristics of laminated orthotropic circular cylindrical shells with clamped-
free boundary condition are investigated.

The solution is obtained through a direct solution procedure with axial mode displacements
represented as simple Fourier series expressions.

On the basis of the thin shell theories of Sanders, Love, Loo, Morley and Donnell, the 4x4
frequency determinant is derived and is expressed in a unified form.

Various numerical examples determining the natural frequencies of circular cylindrical shells
with isotropic material and also with layers of orthotropic elastic material arbitraily laminated
either symmetrically or anti-symmetrically about the shell middle surface. The results obtained
compared very well with some available experimental and numerical results.
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Table 1 Thin shell theory tracers and their values

Theory C, C, Cs C,
Sanders 1 1 3/2 1/2
Love 1 1 1 0
Loo 1 0 1 0
Morley 1 0 0 0
Donnell 0 0 0 0
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Table 2 Mechanical properties of used materials

Properties] E,
Material (GPa)

Pl By - |1

BOROIZI‘IE)POXY 217.18 18.62] 5.17] 0.282051.9
BOROI\(I]'IF;P OXY' g, 90| 18.62 4.48 0.282048.0
GRAPHITE-
poxy | 40 o} 1. o\ 0.5 0. 25\ —
STEEL | 210. 0{ 210.0/145.83] 0. 28/7800. 0
ALUMINUM | 6s. 95| 68.93| 50.33) 0.3152714.5
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Fig. 2 Comparison of natural frequencies (KHz)
for two layers 0°/90° cross-ply BORON-
EPOXY (1) Shell (R/h=82.7,1/R=
12.7)
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Table 3 Natural frequencies (Hz) for isotropic
STEEL Shell (/=502mm, R=63.5mm,

h=1,

63mm)

A-47% 54 935
Expt. 2336. 0/ 2384.0; 2480.0{ 2667.0

5 Theory 2367. 1) 2409.2] 2513.4] 2722.6
FEM 2362. 3] 2402.9; 2512.1| 2735. 1
Present 2356. 7, 2400.8| 2507.5| 2716.1
Expt. 3429. 0| 3476.0] 3b46.0] 3667.0

6 Theory 3470. 3] 3509.8 3586.6] 3724.3
FEM 3463.6, 3499.9] 3581.1] 3728.3
Present 3457.1] 3498.5 3580.3 3722.0

* Experimental frequencies are taken from ref.“®
** Theoretical frequencies are taken from ref.®®
*** Numerical frequencies are taken from ref®

Table 4 Natural frequencies (Hz) for

ALUMINUM Skell
242, 3mm, A=0,648mm)

isotropic

(/=625.5mm, R=

#n 5Method [ m=1 mzz! sz, m=4

Expt.* 293.0] 827.0/ 1894.8 —
2 Theory** 319.5 1019.7) 2398.9 3963.2
FEM*#** 316.2] 948.6) 2225.5 3716.5
Present 311. 4] 947.4| 2236.3] 3741.7
Expt. 760.0/ 886.0] 1371.0! 2155.0
3 Theory 769.8 930.4 1515.4| 2428.3
FEM 768.1 920.9) 1484.6/ 2378.9
Present 763.27 914.5 1465.8) 2340.8
Expt. 1451. 0| 1503.0| 1673.0; 2045.0
4 Theory 1465. 8| 1525.0, 1730.3 2158.0
FEM 1462. 70 1521.0] 1729.5 2168.6
Present 1457. 8| 1517.5 1717.2 2130.2

" \ Method ] m=1 ’ m=2 N m=3
2 Expt.* — — —
Theory**| 333.9 1407.7 2235.3
Present 323.2 1224.5 2200. 2
3 Expt. 150.0 — -
(157.0)
Theory 175.5 873.6 1639. 1
Present 169. 8 770. 3 1578. 6
4 Expt. 107.0 - —
Theory 11L.7 571. 4 1204.1
Present 108.0 515.0 1144. 4
5 Expt. 89.0 — -
(91.0)
Theory 94.2 399.3 90L. 1
Present 91.5 367.7 853.9
6 Expt. 102.0 276. 0 —
Theory 105. 8 302. 2 694. 0
Present 103.7 283.7 659. 6
7 Expt. 130.0 240.0 —
Theory 134.0 254.7 555.2
Present 132.1 243.7 531.0
8 Expt. 166. 0 227.0 -
(231.0)
Theory 171.7 244.2 467.6
Present 169. 8 237.6 450.9
9 Expt. 208.0 246.0 400.0
Theory 216. 4 260. 8 421. 0
Present 214. 4 256. 8 409.8
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10 Expt. 260. 0 281.0 -
Theory 267.0 296.1 408. 2

Present 264.9 293.5 401.1

11 Expt. 317.0 337.0 409.0
(412.0)

Theory 323.3 344.1 422.7

present 321.0 342.0 418.3

12 Expt. 374.0 393.0 —

(396. 0
Theory 385.0 401.2 457.9
Present 382.6 399. 4 455.2

* Experimental frequencies are taken from ref. (15)
** Theoretical frequencies are taken from ref. (5)
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