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Modal Analysis of the Bell Type Shell with Thickness and
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Abstract

Mode shapes and natural frequencies of the bell type shell are analyzed numerically by the
finite element method.

The impulse hammer method and the Fast Fourier Transform analyzer are used for the
experimental test. All types of mode shapes are expressed by the computer graphics.

Numerical solutions are good agreement with the experimental results.

The sustaining sound of the typical bell-type shell depend upon the first flexural mode (0~-2
mode) and the second flexural mode (0~3 mode), and their mode shapes are independent upon
thickness Dangjwas, holes, and added mass effects.

Asymmetric effects by Dangjwas, holes and added mass give rise to beat frequencies, and the
added mass is found to be most effective,
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Table 1 Mechanical properties of the test bell

Material Young’s Poisson’s Weight Tensile Impact Hardness
type modulus ratio density strength value
(bronze) (kg/mm?) (kg/mm®) | (kg/mm? | (kg-m) HRB | HBN
18% Sn 9.03x10% 0.34 8.6x10°° 44,79 11.76 72. 8 ‘ 102
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Table 2 Comparision of natural frequencies for model ‘A’ and model ‘B’

Mode shape No. Natural frequencies (Hz)
Increment (Hz)
Axi | Cir. | flex. | ext. Model ‘A’ Model ‘B’ Remark
p | a | f| e |FEM|Ew Dev (%)| F.EM | Exp [Dev (%)| F.EM | Exp |Dev (%)
0 0 — 1 118.9 — — 122.3 — — —3.4 — —
0 1 — 2 225.0 — — 162.0 - — 63.0 — —
0 2 1 — | 391.7 350 12.0 | 255.8 | 225 12. 0 135.9 125 8.7
0 3 2 — 909.6 | 925 1.7 | 606.2 638 4.9 303.4 288 5.3
0 4 3 — [ 1258.8 | 1225 2.8 | 911.3 1003 9.1 347.5 223 49.1
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