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A Study on Free Vibration of Steel and Composite Cylindrical Shells
with an Oblique Angle
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ABSTRACT

The vibration characteristic is a primary design factor. The cylindrical shells are used as a primary components of
complex structure. also, The cylindrical shells have oblique angle. In this study, The vibrational characteristics of steel
and plain wave GFRP cylindrical shell with an oblique end are given by experimental and finite element method. To be
find characteristic of the oblique end, the mass of the cylindrical shell is maintained. Natural frequency and mode shapes
of isotropic and plain weave composite shells are obtained by modal test. The results are compared with those of the
finite element method. The simply supported boundary conditions with bolts along the circumferential direction of the
GFRP shell are well achieved. Also, The clamped boundary conditions is applied to the steel specimen. Those are shown
to agree well with the analytical results and finite element analysis results.
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Table 1. Dimension of composite and steel shell

(unit »em)
. dension steel and GFRP
material
Length 360
composite | Radius 70
shell(GFRP) | Thicknes Ls
S
Length 400
steel Radius 60
Thickn
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Fig.l1 Photograph of the experimental setup and
cylindrical shell specimen
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Fig.2 Geometry of cylindrical shell with an
oblique end
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Table 2. Material property of materials

FRP :
Property Unit G Steel
(Plain weave)
B GPa 26.2 200
E GPa 26.2 200
Go GPa 4.9 80.0
o Kg/m?® 1880.0 7850
- 0.12 0.29
Vi
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Fig.3 Analytical natural frequenies of steel
cylindrical shell with mass variations.
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Fig.4 Analytical natural frequenies of GFRP
cylindrical shell with mass variations.



Table3 Natural frequenies of steel and GFRP

angle 0° 15° 30° 45°
materia experiment FEM FEM FEM FEM
? 1 577.96(1,1) 652.52(1,1) 652.98(1,1) 654.56(1,1) 657.81(1,1)
2 335.55(1,2) 357.75(1,2) 356.64(1,2) 352.60(1,2) 342.43(1,2)
€ 3 704.37(1,3) 778.84(1,3) 776.78(1,3) 769.09(1,3) 749.07(1,3)
T 4 1430(1,4) 1474.8(1,4) 1470.6(1,4) 1452.9(1,4) 1401.00(1,4)
G 1
F 2 139.27(1,2) 154.56(1,2) 154.51(1,2) 154.26(1,2) 153.26(1,2)
R 3 331.48(1,3) 432.15(1,3) 431.26(1,3) 427.85(1,3) 418.71(1,3)
P 4 849.97(1,4) 824.82(1,4) 824.51(1,4) 821.92(1,4) 809.40(1,4)
(a) Case 1: constant mass
angle 0° 15° 30° 45°
material experiment FEM FEM FEM FEM
i 1 577.96(1,1) 652.52(1,1) 705.17(1,1) 768.65(1,2) 875.42(1,1)
. 2 335.55(1,2) 357.75(1,2) 371.11(1,2) 384.08(1,2) 400,78(1,2)
. 3 704.37(1,3) 778.84(1,3) 782.61(1,3) 779.53(1,3) 766.26(1,3)
| 4 1430(1,4) 1474.8(1,4) 1479.4(1,4) 1461.0(1,4) 1448.9(1,4)
G 1
F 9 139.27(1,2) 154.56(1,2) 154.89(1,2) 155.29(1,2) 155.80(1,2)
R 3 331.48(1,3) 432.15(1,3) 431.76(1,3) 429.13(1,3) 421.81(1,3)
p 4 849.97(1,4) 824.82(1,4) 825.80(1,4) 832.58(1,4) 718.94(1,4)
(b) Case 2: mass variation
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Fig.5 Mode shapes of steel cylindrical shell with

constant mass
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Fig.7 Mode shapes of steel cylindrical shell with
mass variations
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Fig.8 Mode shapes of GFRP cylindrical shell with
mass variations
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Fig.9 Experimental mode shapes of steel and
GFRP cylindrical shell with flat end
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