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Abstract — This study aims to assess the hydrodynamic performance and determine the optimal hull shape of a
multi-purpose fish school monitoring buoy, which is crucial for ICT-integrated smart fishery systems. The buoy,
equipped with a solar module on the top for long-term independent operation, requires minimal motion response to
ensure measuring system stability and maximize solar power efficiency. The motion response was analyzed in fre-
quency domain, based on linear potential flow theory. Additionally, the viscous damping effect of the bottom
damping plate was incorporated into the equation of motion using equivalent linearization of the Morison drag
term. Analysis results showed that the application of a damping plate led to an overdamped state in heave motion,
eliminating resonance. Furthermore, the damping plate significantly reduced the pitch motion response by up to
75% near the pitch natural frequency. Based on wave scatter diagrams from two target installation sites (Geoje and
Yeosu), the damping plate ensured an annual relative solar panel efficiency of 96% or higher. This study highlights
the critical role of the damping plate in ensuring stable system operation and provides fundamental data for future
buoy development in the ocean and fisheries sectors.
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Fig. 1. Multi-purpose fish school monitoring buoy.
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Fig. 2. Schematic diagram of the fish school monitoring buoy and its numerical model.

Table 1. Specifications of the fish school monitoring buoy

(Gudmestad and Meo[1996])5 HIEH0 2 91%9] Al (G,= 1.0

Ttem Unit __ Dimensions  A}g3}5ich. Table 2= & @7l aafet )4 a3 2 271
Mg i ke 20 Hel 78 B ASE BoFech. A EdPS 918 ANSYS
R::ﬂl radil’ls ofGyraticfm, r, m 1.314 AQWA 2021 RIS 883157, T2 79 x)Ho| we} 34 =
S B m oy TER@-0m-0ndlA e SRS o 18 S
Caner of aravite(fs m’ ¢ i o ; £3] A A old, BUEHF Folo 24 FE o
gravity(from baseline), G, 0.10
g i s i 021 5,000~5,90071 2, ¥ A9} 7ZHalw 7)o wel 94 = 2
Inner buoy height, H, - 0.678 Tt} Fig. 32 94 Fof oigt 9L H7lE 98 FHE ke
Damping plate diameter, D, m 0.21~0.273 eIt U E F7E H3, AT R T8 1
Damping plate height, H, m 0.03 WIRHES ekt 94 o 27004 u|waisict. 84 47} 2880
Buoyancy block diameter, D, m 0.4~0.6 dolzle] ule} 37} Ak 2l FARGET} 8 Ao T Hol B
TR A72 94 571 FHE AR5 FHL 20m, 2
& 1,025 kg/m*| ),
Table 2. Numerical analysis cases
Tiokii Draft [m] Bue_)yancy block Dmping plate Heave_ restoring Pitcl_l restoring
diameter [m] diameter [m] coefficient [N/m] coefficient [Nm/rad]
Case 1-0 0.455 04 0.21 1,133.1 42.56
Case 1-1 0455 04 0231 1,133.1 4238
Case 1-2 0455 04 0.252 1,133.1 42.17
Case 1-3 0455 04 0273 1,133.1 41.95
Case 2-0 0435 0.5 0.21 1,497.5 4738
Case 2-1 0.435 0.5 0231 1,497.5 47.19
Case 2-2 0435 0.5 0252 1,497.5 46.98
Case 2-3 0435 0.5 0273 1,497.5 46.76
Case 3-0 0415 0.6 0.21 1,743.5 47.86
Case 3-1 0415 0.6 0231 1,743.5 47.68
Case 3-2 0415 0.6 0252 1,743.5 4747
Case 3-3 0415 0.6 0273 1,743.5 4725
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Fig. 3. Convergence Study on the Number of Elements (nn=the number of nodes).
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Fig. 10. Relative efficiency heatmap of the solar panel installed on the fish school monitoring buoy.
Table 3. Annual relative efficiency for the solar panel on the fish school monitoring buoy
Case 1-0 Case 1-3 Case 2-0 Case 2-3 Case 3-0 Case 3-3
Geoje 95.06% 98.53% 94.03% 9821% 93.58% 98.03%
Yeosu 93.05% 97.78% 91.34% 97.18% 90.71% 96.89%
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