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Free Vibration Analysis of the Composite Cylindrical Shells
Combined with Interior Partitioned Plate

Young-Shin Lee’, “"Myoung-Hwan Choi”", Byung-Joon Park™ and Hyun-Soo Kim"

ABSTRACT

A method for analysis of the free vibrations of the composite cylindrical shell
with a longitudinal, interior rectangular plate is developed by using the receptance
method. This method is based on the ratio of a deflection(or slope) response to a

bharmonic force(or moment) at an joint point. The natural frequencies of
combined shells calculated numerically. The results are compared with
experiment and a finite element analysis results
formulation. The effects of the location and thickness of the plate on

frequencies are also investigated.
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Table 1. Dimension of combined composite shells

(Unit: mm)
Case Casel | Case2 | Case3
Material GFRP | CFRP | CFRP
Length( L) 360.0 | 360.0 | 360.0
Shell | Radius (a) 109.0 | 109.0 | 109.0
Thickness( h,)| 35 | 37 40
Length( L,) 360.0 | 360.0 | 360.0
Width (b) 218 | 218 | 1888
Plate -
Thickness( h,)| 35 | 37 36
Location 81=90°| 8:=90°] 8:=120°

Table 2. A comparison of the frequency parameter
(2) of the isotropic combined shell with a center
partitioning plate

Mode Present Reflll Refl31
Q 2 Diff.(%)| Q Diff.(%)
1S 0.0306 | 0.0367 16.62 | 0.0334 8.38
25 0.0670 | 0.0693 3.31 | 0.0715 6.29
3s 0.0883 | 0.0939 596 | 00958 7.82
45 0.1128 | 0.1170 359 | 0.1150 1.1
1A 0.0589 | 0.0625 5.76 | 0.0606 2.80
2A 0.0774 | 0.0828 6.52 | 0.0805 3.85
3A 0.0961 | 0.1030 6.69 | 0.1050 8.47
4A 0.1277 | 0.1330 3.98 | 0.1330 3.98
Table 3. The frequency comparison with

analytical, experimental and FEM results for the
GFRP composite cylindrical shell with the plate

at the 8;=90° location

. Natural frequency (Hz)
Mode
Analysis Exp. FEM
1st 2345 245.0 241.6
2nd 3443 335.0 352.8
3rd 5472 540.0 5475
4th 579.2 610.0 593.6
5th 696.0 660.0 6145
6th 774.1 750.0 760.3
Tth 804.5 810.0 803.5
8th 8138 - 836.2
9th 843.2 905.0 936.3
10th 996.9 940.0 960.0

* ! Frequency ascending order

Table 4. The frequency comparison with
analytical, experimental and FEM results for the
CFRP composite cylindrical shell with the plate

at the 87=90° location

) Natural frequency (Hz)
Mode
Analysis Exp. FEM
1st 389.6 400.0 397.8
2nd 568.2 575.0 579.0
3rd 905.0 8875 899.4
4th 926.7 925.0 969.7
5th 1162.6 9875 987.1
6th 1250.8 1225.0 12415
7th 1284.9 1262.5 1265.3
8th 13339 1325.0 1348.9
9th 1399.5 1512.0 1375.4
10th 1644.8 1650.0 1524.8
* ! Frequency ascending order
Table 5. The frequency comparison with

analytical, experimental and FEM results for the
CFRP composite cylindrical shell with the plate

at the 8}=120° location

. Natural frequency (Hz)
Mode
Analysis Exp. FEM
1st 476.4 470.0 5154
2nd 644.0 620.0 680.0
3rd 963.1 865.0 944.3
4th 9734 925.0 9789
5th 1082.8 1080.0 1153.3
6th 1210.6 1215.0 1241.6
7th 1268.2 1305.0 1403.9
8th 1389.8 1340.0 1429.5
9th 1437.2 1430.0 1533.0
10th 1451.2 1660.0 1567.0

* : Frequency ascending order
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Fig. 1. Geometry of a circular cylindrical
with a longitudinal partitioning plate
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Fig. 3. The effect of the location of the plate on
the frequencies of the GFRP composite shell

with the plate at the 8]=90° location
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