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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
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Table 2. Elastic properties of various composite materials

= Material GFRP Properties|  Unit | O *|KFRP[20]| GFRP[21]| CFRPL21]
Dimension (Plain weave)

Length(Ly) 360.0 E | GPa | 262| 60| 3464| 1062

Shell | Radius (a) 109.0 E. | GPa | 262| 55| 718 686

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

Length(L,) 3600 p | kym' | 18800| 14600 | 1780.0| 14800

Plate | Width (b) 218 w | - 0.02| 034| 02| o0x

Thickness(,) 35 EJE, | - 10| 1382 4s2| 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
. Axial half wave number (m) o Axial half wave number (m)
1 2 3 4 5 6 7 I 2 3 4 5 6 7
1 162.3| 288.8| 5045 808.5( 1200.2] 1679.3| 2245.8 I | 1708.8( 3451.5| 4253.6] 4598.0| 4812.6| 5017.4| 5266.9
2 5282 649.3| 857.6) 1155.2( 1542.1} 20179} 2581.9 ) 818.3( 2152.6 3181.3| 3848.5| 4303.5{ 4673.8] 5039.7
31 1139.0( 1258.11 1461.0[ 1751.1| 2130.4] 2599.1} 3157.3 3 583.11 1431.6| 2357.5] 3128.7| 3745.1] 4269.2} 4764.7
4 1 19945( 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] 4544.9
5 | 3094.4] 3212.1] 3410.3) 3691.6| 4058.3| 4512.4] 5055.1 5 | 1825 1421.7] 1898.5| 2507.2| 3154.7| 3806.6 44643
6 | 4438.7] 4556.2| 4753.4| 5032.4{ 5395.3| 5844.0| 6380.1 6 | 17045) 1868.2| 2201.8] 2685.5| 3264.6 3899.1 4573.1
T | 6027.5] 6144.8| 6341.4| 66189| 6979.0| 7423.6| 7954.3 7 | 23283| 2464.3) 2727.0} 3122.7| 3630.6| 4224.3| 4885.2
* : Half wave number in the y direction 8 3050.01 3175.1} 3404.4| 3748.1( 4202.1] 4753.3| 5388.5
) 9 | 3868.5) 3989.0] 4202.1| 4516.8] 4934.9( 5451.8| 6059.9
ol e ¥l A8k d 4 Sick Table 334 4= 242t 10 | 4783.6] 4901.9| 51069| 54052 58006 6292.4| 68775
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* : Half wave number in the circumferential direction

Table 5. Comparison of natural frequencies(Hz) of analytical,
experimental and ANSYS results of the GFRP plain
weave composite cylindrical shell with interior plate at
6" =90° location

Mode *Method Analysis Experiment ANSYS
Ist 234.5 245.0 241.6
2nd 3443 335.0 352.8
3rd 547.2 540.0 5475
4th 579.2 610.0 593.6
Sth 696.0 660.0 614.5
6th 774.1 750.0 760.3
7th 804.5 810.0 803.5

* . Frequency ascending order
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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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