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This paper presents a mathematical model and simulation method for investigating the performance of
set net systems and fish cage systems influenced by currents and waves. Both systems consist of netting,
mooring ropes, a floating collar and sinkers. The netting and ropes were considered flexible structures
and the floating collar was considered an elastic structure. Both were modeled on a mass-spring model.
The structures were divided into finite elements and mass points were placed at the mid-point of each
element, and the mass points were connected by mass-less springs. Each mass point was subjected to external
and internal forces and the total force was calculated at every integration step. An implicit integration
scheme was used to solve the nonlinear dynamic system. The computation method was applied to dynamic
simulation of actual systems simultaneously influenced by currents and waves in order to evaluate their
practicality. The simulation results improved our understanding of the behavior of the structure and provided

valuable information concerning the optimized design of set net and fish cage systems exposed to an open
ocean environment.
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Fig. 1. Modeling for the meshes using the masses and the spring elements.
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Fig. 2. Placement of virtual mathematical mesh using mesh grouping method.
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Fig. 3. Modeling of a rope using a mass-spring model.
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Fig. 4. Forces acting on the rope element (Fp, representing
the forces of buoyancy and gravity; Fi, lift force; Fp, drag
force; r, position vector between neighboring mass points;
U, speed vector; O, angle of attack).
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Fig. 5. The designed set net using the drawing tool.
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Fig. 6. The designed cages using the drawing tool. (a) Circular type of a cage, (b) Square type of a cage.
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Fig. 8. Drawing plan of the set net (Lee et al. 2006).

Analysis & Evaluation

Table 1. Physical characteristics of calculation parameters
of the actual set net for the netting and the mooring lines

ltems Mass Projecteg area Stiffness  Initial length
{kg) (m) (N/m) (m)
Guide net 0.0498 0.010575 71,251 35
Fish court 0.004854 0.0024 28,740 2
Barrier net 0.0029 0.00144 81,430 1.2
Bag net 0.0029 0.00144 81,430 12
Mooring fine 9.8 025 196,000 5

Table 2. Physical characteristics of calculation parameters
of the actual cage for the floating collar, netting and mooring
lines

ltems Mass Projectezd area  Stiffness  Initial length
(kg) (m°) (N/m) (m)

. 8,160,053* 2
Floating collar 476 0.254 39,372,206 0.46
Cage netting 0.40 0.53 322,254 2
Mooring line  20.74 0.86 11,836,048 15.5

*Lengthwise spring, **Crosswise spring.
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Fig. 9. Shapes of the set net under the tidal current(0.6 m/s)
and waves(length: 50 m, height: 3 m) act in the same direction.
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Fig. 10. Tension of mooring lines under the current and waves
acting in the same direction.
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Fig. 13. Simulation of fatal damage by breaking the mooring lines of the set net due to strong tidal current (0.8 m/s)
and waves (height: 6 m), (a): in still water, (b)~(d): start to breaking the mooring line having the smallest breaking strength,
(e): increased loads applied on the remaining lines and breaks one by one, (f): whole gear swept away.
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