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Abstract

In this study, a mass-spring model is used to dynamically describe and calculate the shape
and movement of a mid-water trawl system. This mathematical model theorizes that the factors
constituting the system are the material points and the external forces such as hydrodynamic
load, gravity, and buoyancy act on these material points. In addition, it surmises that these
material points are connected to each other by springs, the springs do not have any mass, and
the internal force acts on these springs. The non-linear differential equations are implicitly
integrated with time for guaranteeing a stable solution.

The dynamic simulation by the mass—spring model shows the status of the gear such as
fishing gear depth, distance between doors, shape of the gear, and tension of each line. It
depends on the parameters such as towing force, warp length, force of a sinker, buoyancy of a
float, type of door and netting materials. The validity of the model is verified by comparing
simulation motions of a trawl system obtained from computed values to those from an actual

experiment.
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Fig. 1. The coordinate system for a midwater trawl system.
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Fig. 2. The drag force and lift force of a bar
with the flow.
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Fig. 3. The drawing of the Midwater trawl net.
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Before After

Fig. 4. Simulated gear shape when the towing speed was
changed from 2m/s to 25m/s.

Before After

Fig. 5. Simulated gear shape of the simulation when warp length was
changed from 250m to 300m.
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Table 1. Comparison the results from the
simulation with the 2m/s towing speed
and the 250m warp length and those

from the experiment at sea
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Table 3. The
accordance with the changes
towing speed

simulation in
in the

results of the

(unit : m)

(unit * m)
Simulation  Field Test
Depth of Doors 75 70
Distance of Doors 82 81
Width of Net Mouth 27 27
Height of Net Mouth 41 37
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Table2. The results of the simulation in
accordance with the changes in the warp
length with the 2m/s towing speed

(unit : m)

Warp Depth of Distance Width of Height of

Length  Doors of Doors Net Mouth Net Mouth
250 75 82 27 41
300 83 86 29 40
350 97 92 33 40
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Towing Depth Distance Width

Speed of of of Net of Net
(m/s) Doors  Doors Mouth  Mouth

2 (& 82 27 41
25 56 85 31 37
3 42 94 34 31
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Table4. The results of the simulation in
accordance with the changes in the total
buoyancy with the 2m/s towing speed

(unit : m)
Total  Depth Distance  Width Height
Buoyancy  of of of of
(N) Doors Doors Net Mouth Net Mouth
6300 5] 82 27 41
7200 69 79 25 45
8100 65 75 23 48
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Table5. The results of the simulation in
accordance with the changes in the area
of door with the 2m/s towing speed

(unit @ m)
Area of Depth Distance  Width Height
Door of of of Net of Net
(m’)  Doors Doors Mouth Mouth
6 75 82 27 41
7 69 90 33 40
8 65 100 37 38
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