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An Experimental Study on the Free Vibration of the Steel and

Composite Cylindrical Shells With Simgly’ Supported Edge Conditions

Young-Shin Lee’, "Myoung-Hwan Choi”’, Gi-Nam Gil”" and Keun-Young Song™

ABSTRACT

The free vibration analysis of the simply supported steel and composite
cylindrical shells are investigated. The natural frequencies and mode shapes of the
shell are experimentally obtained by impact testing using an impact hammer and
an accelerometer. The effects of the material and geometry on the vibrational
characteristics of the shell are examined. The experimental results are compared
with the analytical and a finite element results. They showed good agreement with

each other.
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Fig. 1 Geometry and coordinate system of the
circular cylindrical shell
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Table 1. Dimensions of the specimens (mm)

Specimen |[Casel Casell Caselll CaselV
Radius(R) 60 60 109 109
Length(L) 200 400 360 360

Thickness(h) 16 1.6 48 35
Steel Steel GFRP GFRP

Material
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Fig. 3 Block diagram for the experiment
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Table 2. Material properties of the steel .and
GFRP composite cylindrical shell

Properties Unit Stgjtgzelss GFRP
Young’s
modulus (E:) GPa 2070 26.2
Young's
modulus (Ep) GPa 207.0 26.2
Shear
modulus (Gip) GPa 80.0 49
Density (p) | kg/m* 78600  1880.0
Poisson’s ~ 0.29 012
ratio (v 12) . .
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Fig. 4 Comparison of frequencies of Casel with
analytical, experimental and FEM results
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Fig. 5 Comparison of frequencies of Casell with
analytical, experimental and FEM results
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Table 3. Comparison of frequencies of Caselll
with analytical, experimental and FEM results

Analytical Experimental FEM

Mode
(m,n)

(1,3)
(1,2)
(14)
(2,3)

Mode
(m,n)

(1,3
1,2
(1,4
(2,3)

Mode
(m,n)

(1,3)
(1,2
(1,4)
(2,3
(2,4)
(LD
(1,5
(2,2)

Freq.
(Hz)

700.0
780.0
1035.0
1330.0
(24) 1 14150 | (24
(1,1)| 1587.0 | (1,5)
(1,5) - -
(2,2)] 18150 | (2,2)

Freq.
(Hz)

696.7
771.7
1068.8
1343.1
1396.1
1423.4
1660.0
1843.0

Freq.
(Hz)

700.0
7725
1077.8
1347.0
14076
14234
16814
1804.0

I~ | L IN |-

Table 4. Comparison of frequencies of Case IV

with analytical, experimental and FEM results

Analytical
Mode
(m,n)
(1,3
(1,4)
(1,2)
(1,5)
(2,4)
(2,5)
2,3
(1,6)

FEM

Mode
(m,n)
(1,3)
(1,4
(1,2)
(1,9
(2,4)
(2,5)
(2,3)
(1,6)

Experimental
Mode
(m,n)
(1,3)
1,2
(1,4
(1,5)
(2,4
2,3
(2,5
(1,6)

Freq.
(Hz)
581.3
7758
817.7
11746
12175
14108
1429.4
1689.9

Freq.
(Hz)

625.0
695.0
805.0
1200.0
1230.0
1315.0
1450.0
1720.0

Freq.
(Hz)
583.3
779.8
818.3
11825
1222.8
1421.8
1431.6
1704.6

VN | ] [N
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Fig. 6. Typical mode shapes of the isotropic
cylindrical shell of Case II
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