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Nonlinear Vibration Problem of Cylindrical Tank with Water in Large Deformations 

Youichi MINAKAWA 

It is reported that responses of liquid-filled tank on a shaking table showed some vibration modes that was 
contradiction to expectation of elementary tank theory. Then, author has been studying to analyze the 
response that might be caused by dynamic geometric nonlinear behavior, and showed a Lagrangian function 
that governed the interactive behavior between the potential fluid and elastic container in large deformations. 
Here, applying ALE(arbitrary Lagrangian-Eulerian Element) to the functional of  a cylindrical tank in a 
three dimension, we propose a new procedure, analyze nonlinear responses of the system, and demonstrate 
the effectiveness of the method. 

Keywords :Potential Fluid, Lagrangian of interaction between fluid and container, Nonlinear response 

of elastic tank, Sub-harmonic response   
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C5 16 6 4 h 40mm

55mm Table2,

Table3

Table2 n=5 6
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Fig.3.1

 n=6 5,6, 8

6.5 6.6, , 6.8

 Table.2 Natural Frequency of a Cylindrical Tank(h =40mm)
n 1 2 3 4 5 6 7 8 9
0 1.08 1.33 1.79 2.28 2.77 3.08 32.20 33.12 35.01
1 0.82 1.49 1.99 2.50 2.87 15.12 17.55 25.14 31.56

0.82 1.49 1.99 2.50 2.87 15.12 17.55 25.14 31.56
2 1.11 1.70 2.20 2.71 2.99 9.98 17.49 19.11 27.85

1.11 1.70 2.20 2.71 2.99 9.98 17.49 19.11 27.85
3 1.33 1.89 2.38 2.84 3.42 8.06 16.51 23.63 30.41

1.33 1.89 2.38 2.84 3.42 8.06 16.51 23.63 30.41
4 1.53 2.08 2.57 2.95 3.93 7.17 14.98 17.41 18.37

1.53 2.08 2.57 2.95 4.23 7.17 14.98 18.37
5 1.73 2.28 2.77 3.12 4.83 6.73 12.72 13.49 17.43

1.73 2.28 2.77 3.12 4.83 6.73 12.72 13.49 17.43
6 1.91 2.47 2.94 3.38 5.59 6.47 9.23 11.66 15.70

1.91 2.47 2.94 3.38 5.59 6.47 9.23 11.66 15.70
7 2.06 2.62 3.08 3.65 6.22 6.37 7.53 9.48 12.29

2.06 2.62 3.08 3.65 6.22 6.37 7.53 9.48 12.29
8 2.12 2.69 3.14 3.77 6.51 6.66 6.99 7.90 9.55

 Table.3 Natural Frequency of a Cylindrical Tank(h =55mm)
n 1 2 3 4 5 6 7 8 9
0 1.08 1.33 1.79 2.28 2.77 3.08 44.28 48.13 52.75
1 0.82 1.49 1.99 2.50 2.87 17.55 22.25 35.39 43.22

0.82 1.49 1.99 2.50 2.87 17.55 22.25 35.39
2 1.11 1.70 2.20 2.71 2.99 14.89 17.49 22.25 37.84

1.11 1.70 2.20 2.71 2.99 14.89 17.49 22.25 37.84
3 1.33 1.89 2.38 2.85 3.42 11.92 22.35 30.74 33.58

1.33 1.89 2.38 2.85 3.42 11.92 22.35 30.74 33.58
4 1.53 2.08 2.57 2.95 3.93 10.36 17.41 19.32 21.71

1.53 2.08 2.58 2.96 4.23 10.36 19.32 21.71
5 1.73 2.28 2.78 3.13 4.83 9.26 14.67 17.43 18.22

1.73 2.28 2.78 3.13 4.83 9.26 14.67 17.43 18.22
6 1.92 2.48 2.95 3.39 5.59 8.26 11.86 15.58 19.63

1.92 2.48 2.95 3.39 5.59 8.26 11.86 15.58 19.63
7 2.07 2.64 3.09 3.65 6.23 8.02 10.41 12.67 15.75

2.07 2.64 3.09 3.65 6.23 8.02 10.41 12.67 15.75
8 2.13 2.70 3.16 3.77 6.53 8.55 9.61 10.86 13.13
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