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Free Vibration of Composite Cylindrical Shells with a Longitudinal,
Interior Rectangular Plate

Lee, Young-Shin® and Choi, Myoung-Hwan**

ABSTRACT

This paper describes the method to analyze the free vibration of simply supported composite cylindrical
shells with a longitudinal, interior rectangular plate. To obtain the free vibration characteristics before the
combination of two structures, the energy principle based on the classical plate theory and Love's thin
shell theory is adopted. The frequency equation of the combined system is formulated using the recep-
tance method. When the line load and moment applied along the joint are assumed as the Dirac delta and
sinusoidal function, the continuity conditions at the joint of the plate and shell are proven to be satisfied.
The effects on the combined shell frequencies of the length-to- radius ratios and radius-to-thickness ratios
of the shell, fiber orientation angles and orthotropic modulus ratios of the composite are also examined.
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(a) Shell

(b) Plate

Fig. 1. Geometry of a circular cylindrical shell with an interior
plate

e Aol WAGEL u, U, U, Toll tiaiA
W, W, W52 OJERSITE 98 WiE 3o R

Ao 39U 458 AF0E B AFYF W

1o,
o
)
ok,
ot
tlo
ol
o
o%
e
o)v
A
ﬁ
&
kU
o
lo
_or\;
R
£

o]

A 7elel AY ¥
of Abgstelol @ek mebi AEReAst

s

B ge] 74472 (constitu-

S5} 2oi{14]

0

3
L
M
o
o‘)b

N; A,‘j : Bij &
M; Bij : D,‘j Xi

Fig. 2. Geometry of the n-layered laminate
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Table 2. Elastic properties of various composite materials

T Material GFRP Properties|  Unit | % |KFRP[20]|GFRP[21]| CFRPL2I]
Dimension (Plain weave)

Length(Z,) 360.0 E, | GPa | 262| 760| 3464| 1062

Shell | Radius (a) 109.0 E. | GPa | 262] 55| 7.8| 686

Thickness(k) 35 G. | GPa 49 23| 38| 357

Length(Z,) 360.0 p | kym' | 18800 14600 | 1780.0| 14800

Plate | Width (b) 218 e | - 012 034 026 033

Thickness(h,) 35 E/E, | - 0] 1382] 48| 1548
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Table 3. Natural frequencies of the GFRP plain weave compos-
ite rectangular plate with simply supported end condi-

Table 4. Natural frequencies of the GFRP plain weave compos-
ite cylindrical shell with simply supported end condi-

tions tions
o Axial half wave number (m) o Axial half wave number (m)
1 2 3 4 5 6 7 1 2 3 4 5 6 7
| 162.3] 288.8] 5045 B808.5} 1200.2| 1679.3| 22458 | 1708.8; 3451.5| 4253.6| 4598.0| 4812.6; 5017.4| 5266.9
2 5282{ 649.3] 857.6f 1155.2f 1542.1} 20179} 25819 2 818.3] 2152.6| 3181.3] 3848.5| 43035} 4673.8| 5039.7
31 1139.0] 1258.1) 1461.0f 1751.1} 2130.4] 2599.1} 31573 3 583.1) 1431.6] 23575| 3128.7) 37451} 4269.2| 4764.7
4 1199451 2112.6f 2312.6] 2597.3| 2969.4] 3430.3| 3980.7 4 719.7) 1222.8] 1925.6| 2653.8] 3326.4| 3946.4| 45449
5] 3094.4 3212.1§ 3410.3| 3691.6 4058.3| 45124 5055.1 5 | 11825 14217} 1898.5| 2507.2} 3154.7| 3806.6| 4464.3
6 | 44387 4556.2] 4753.4| 5032.4] 5395.3| 5844.0| 6380.1 6 | 17045] 18682 2201.8] 2685.5) 3264.6( 3899.1} 4573.1
T | 6027.5| 6144.8) 6341.4] 6618.9| 6979.0f 7423.6} 79543 7 | 23283| 24643 2727.0] 31227} 3630.6| 4224.3| 4885.2
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o e via 227k 2 ) 31ch. Table 33} 4+ 24z 10| 4783.6| 4901.9| 51069 5405.2| 5800.6| 6292.4| 68775
geAE AR 4gde] 23] ojHe] nk N : . T
: Half wave number in the circumferential direction
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Fig. 3. Fundamental frequencies of the GFRP plain weave
composite cylindrical shell with various length-to-radius
ratios(Ls/ @)
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