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ABSTRACT: Underwater vehicles such as UUVs (Unmanned Underwater Vehicles) and ROVs (Remotely Operated Vehicles) use sonar to detect
their underwater environment or other underwater vehicles. The underwater vehicles designed recently have an electrical power system with high
rotational speed. This system can generate high frequency vibrations above 10 kHz, and these vibrations can cause bad (negative) effects on the
performance of the sonar. In many previous investigations, numerical analyses have been used for high frequency vibration problems. In this study,
an experimental analysis was carried out, and a circular cylindrical shell was considered as the hull structure of an underwater vehicle. Frequency
transfer functions for the circular cylindrical shell were identified using an experimental vibration analysis in the air and in a fully-submerged
condition. We compare the frequency transfer functions in the air and water to obtain hydro-elastic effects. It is found that the dynamic
characteristics of the circular cylindrical shell are changed by varying the response position.
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Fig. 1 Schematic diagram of experimental set-up

Fig. 2 Acceleration sensors mounted longitudinally inside the
circular cylindrical shell
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Table 1 Normalized area of frequency transfer functions at each

point in the air by longitudinal excitation

Point Section #1 Section #2  Section #3  Section #4
#1 1 0.456 0.262 0.168
#2 1 0.274 0.392 0.115
#3 1 0.796 0.373 0.196
#4 1 0.306 0.231 0.129
#5 1 0.346 0.308 0.065
#6 1 0.496 0.356 0.158
#7 1 0.394 0.322 0.112
#8 1 0.835 0.491 0.242
#9 1 0.443 0.354 0.208
#10 1 0.609 0.284 0.216
#11 1 0416 0.275 0.190
#12 1 0.537 0.367 0.247
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Table 2 Normalized area of frequency transfer functions at each

point in the fully-submerged condition by longitudinal

excitation
Point Section #1 Section #2 Section #3 Section #4
#1 1 0.408 0.252 0.102
#2 1 0.412 0.308 0.107
#3 1 0.768 0.393 0.165
#4 1 0.353 0.267 0.087
#5 Error - - -
#6 1 0.591 0.206 0.096
#7 1 0.472 0.206 0.106
#8 1 0.806 0.217 0.135
#9 Error - - -
#10 1 0.733 0.302 0.258
#11 1 0.537 0.197 0.131
#12 1 0.821 0.423 0.263

Table 3 Comparison of the area of frequency transfer functions
at the first section in the air and fully-submerged
condition by longitudinal excitation

Point e (1) fuu?z(-fsg;ezelg o /0
#1 38886.24 9771.72 0.25129
#2 47256.16 8923.52 0.188833
#3 32462.72 8773.78 0.270272
#4 55899.36 14703.67 0.263038
#5 63097.2 error -
#6 58533.63 19124.02 0.326719
#7 4891741 16067.09 0.328453
#8 35210.41 14038.69 0.398708
#9 3414541 error -
#10 41280.14 10081.45 0.24422
#11 47525.8 14121.23 0.297128
#12 30021.37 7429.94 0.247488
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Fig. 3 Frequency transfer functions at the fourth point on the

each section in the air via longitudinal excitation
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Fig. 6 Frequency transfer functions at the fourth point on the
each section in the fully-submerged condition via radial
excitation

Table 4 Normalized area of frequency transfer functions at each
point in the air by radial excitation
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Fig. 4 Frequency transfer functions at the fourth point on the
each section in the fully-submerged condition via longitu-
dinal excitation
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Fig. 5 Frequency transfer functions at the fourth point on the
each section in the air via radial excitation

Point  Section #1 Section #2 Section #3 Section #4
#1 1 0.399 0.181 0.147
#2 1 0.389 0.254 0.095
#3 1 0.455 0.239 0.105
#4 1 0.389 0.156 0.100
#5 1 0.327 0.170 0.088
#6 1 0.453 0.250 0.119
#7 1 0.390 0.200 0.060
#8 1 0.497 0.245 0.111
#9 1 0.300 0.155 0.063
#10 1 0.772 0.222 0.144
#11 1 0.327 0.160 0.085
#12 1 0.399 0.193 0.063

Table 5 Normalized area of frequency transfer functions at each
point in the fully-submerged condition by radial excitation

Point Section #1  Section #2  Section #3  Section #4
#1 1 0.34222 0.00041 0.00012
#2 1 0.14191 0.00012 0.00005
#3 1 0.24017 0.00022 0.00006
#4 1 0.19384 0.00014 0.00005
#5 1 0.24093 0.00014 0.00005
#6 1 0.213%4 0.00014 0.00009
#7 1 1.04055 0.00039 0.00012
#8 Error - - -
#9 1 0.25770 0.00022 0.00007
#10 1 0.00009 0.00027 0.00012
#11 1 0.40604 0.00022 0.00008
#12 1 0.52222 0.00024 0.00005
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