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Abstract—The midwater trawl is used widely in many 

oceanic fisheries. In this study, the midwater trawl 

dynamical behavior was simulated and modeled with the 

mathematical mechanic equations based on R language 

platform. A lump-mass and spring method was used to build 

the physical model. The huge mathematical stiff differential 

equations were solved by an implicit algorithm. On the R 

platform, the programming, simulation and visualization of 

the model were done quickly. The three-dimensional 

dynamical behavior of the midwater trawl in steady flow was 

presented successfully and the effectiveness of this method 

was verified. And the results were accord with the actual 

measured data in the ocean.  

Keywords-component; midwater trawl;meshes grouping; 

lumped mass method;implicit algorithm;numerical simulation 

I. INTRODUCTION  

Up to now, the midwater trawl net is one of the most 
important fishing gears in the world capture fisheries. The 
target species of the midwater trawls are quite varied. As 
for the midwater trawls, they should be suitable for the 
behavior habits of fishing targets, also required to reduce 
their drag for cut down fishing boat fuel consumptions in 
order to improve the fishing efficiency and economic 
benefits, so the research on the performance of the 
midwater trawl net is important. 

In the past two decade, the performance research of the 
midwater trawl has based on the water tank experiments, 
field measurement and numerical simulation. But, the 
nonlinear equations coming from the mechanical equations 
of different fishing gears, are so different to solve. Few 
studies have conducting the trawl net by numerical 
simulation methods. Sun et al has used the two-
dimensional lumped mass models to describe the 
dynamical behavior of the midwater trawl system [1]. 
Takagi et al. applied the lumped mass method in 
simulating the fishing gear system by subdividing the 
elements of fishing gears [2]. Priour et al. used the finite 
element method with triangular elements to simulate the 
trawl net shapes [3-4]. Zhu et al. applied the lumped mass 
method to model the dynamical behavior of supple nets 
and solve the nonlinear equations with Runge-kutta 
method [5].Lee et al. used the lumped mass method to 

describe the midwater trawl gear by an implicit calculation 
method to solve the nonlinear differential equations [6]. 

But, the computation of these models are too complex 
and very different to understand. In these models, the 
coordinated systems used in the computation are most 
based on the local coordinate systems need to be converted. 
The explicit method are usually used to solve these 
nonlinear differential equations. So, the solution of 
equations are instability and inaccuracy and the time step 
is greatly limited by the stiffness of the flexible systems [7]. 

R is a scripting language for statistical data 
manipulation and space analysis. It was inspired by, and 
developed from the statistical language S developed by 
AT&T [8]. It is free and many people are contributing to 
its development. Due to the high calculation performance, 
Berend Hasselman has developed a Package „nleqslv‟ to 
solve these nonlinear and stiff equations of the flexible 
systems [9]. And it can be used to some simple initial 
value problems of the ordinary differential equations. But 
for the higher-order and stiff differential equations, it 
shows some weakness. Zhang et al described the part 
behavior of purse seine using R language [10].  

But, most fishing gear studies focused or involved in 
statics analysis and fishing gear model tests etc., lack of 
dynamic performance of fishing gear study and the 
application of computer simulation technology, including 
CAD for simulation for fishing gears. In this paper, we 
established the mathematics-mechanical models with the 
lump-mass and spring method to simulate the dynamical 
behavior of the midwater trawl. The R language was used 
to compile the complicated mathematical computation 
with the implicit method. The visualization of the 3D in 
the equilibrium state was presented by the R package „3D 
Real-Time Visualization Device System for R (RGL)‟. 
The results of calculation were correspond with the actual 
measured data in the ocean. The validity of this method 
was verified. 

II. MATERIALS AND METHODS 

A. Numerical Modeling  

The midwater trawl systems is composed of cables, 

nettings and accessory [Fig .1]. The cables include warp, 

hand rope, head line, footrope, sideline, cross ropes and 

belly lines. The accessory include otter board, heavy 

International Conference on Mechatronics, Electronic, Industrial and Control Engineering (MEIC 2015)

© 2015. The authors - Published by Atlantis Press 1092



hammer and soft canvas. For the midwater trawl, the 

heavy hammer and soft canvas are used to make the net 

open vertically, the opening force from otter board is used 

to make the net open horizontally, changing the warp 

length or trawling speed is used to make the control and 

adjustment of the net position. By these above measures, 

the aimed fishing can be done. For this complex fishing 

gears structure, in order to do dynamical numerical 

simulation, we must consider the structural features, so 

the trawl systems can be divided into rigid body and 

flexible body. Then, otter board, heavy hammer and floats 

can be considered as rigid bodies; cables, soft canvas and 

nettings can be considered as flexible bodies. 

The lump-mass and spring method was used to build 

the model. In our model, the rigid bodies were considered 

as mass points. The flexible bodies were composed of 

many lumped mass points interconnected by springs 

without mass. The lumped mass points were set at each 

knot, the midpoint of each mesh bar and each rope 

element. In order to simplify the model, an assumption 

was that no external force exist on the spring. There only 

exists the forces of tension force acted on the spring, and 

gravity, buoyancy and hydrodynamic force (drag force 

and lift force) acted on the mass points[11-13].  

 

Figure 1.  The schematic diagram of midwater trawl system 

B. Mathematics-mechanical Model  

Based on the Newton second law, the motion of point i 
could be described as follows:  

                  iM a T F W B   
r r r r

                          (1) 

Where a is the acceleration vector of point i; T is the 
tension force acting on point i; F is the hydrodynamic 
force including drag force and lift force; W is the gravity 
force; B is the buoyancy force, and M is the mass of point i 
including the added mass of i. 

There is a spring without mass between neighboring 
points. The tension T based on the Hooke‟ law, can be 
described as 
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Where, k is the stiffness of the spring. 0ijl and ijl are 

the original length and deformed length between mass 
points i and j, respectively. 

For the mesh knot can be considered as a spherical 
shape [Fig .2], the hydrodynamic force can be described as 
the following equations: 

                                      1

1
=

2
DC S 2

F V  (3) 

Where, F is the hydrodynamic force, 
DC is the 

hydrodynamic coefficient,  is the water density, 
1S is the 

projected area of mesh knot, V is the resultant speed 

vector. 

 

Figure 2.  The schematic diagram of the mesh knot 

For the mesh bar and the rope elements can be 
considered as cylindrical elements, it was assumed that the 
angle of the bar between the resultant speed vector was 
 [Fig .3]. 

The hydrodynamic force could be divided into lift force 

and drag force. The lift force and drag force of mass point 

i can be expressed as 

                               
2

2

1
=

2
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Where, 
LC and 

DC  are the lift force coefficient and 

drag force coefficient determined by the angle  [Fig .3], 

separately.  is the water density, 
2S is the projected area 

of structure , V is the resultant speed vector. 
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Figure 3.  The schematic diagram of numerical model of cable element 
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The gravity and buoyancy of mass point i can be 

described as 

                              = i iVW g  (6) 

                                = i iVB g  (7) 

Where, 
i is the material density, 

iV is the volume of 

mass point i, g is the acceleration of gravity. 

 The added mass of point i can be shown in the 

following formula 

                           =a m im C V  (8) 

Where, 
mC is the added mass coefficient. 

For the point i, the motion equations can be expressed 
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Equation (9) can be changed into ordinary differential 
equations 
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C. Simulation  

For modelling, we used virtual matrix to establish the 
data structure and geometric modeling [14].The equations 
solution could be solved as an initial value problem. The 
methods can be divided into the explicit method and the 
implicit method. The equation of this flexible system is 
stiff equations, which are sensitive to time step. Due to the 
time step is sensitive and must be very small, the explicit 
method cannot be suitable for solving theses stiff equation. 
The stiff equations solving by the implicit method are 
more stable and accurate than the explicit method. The 
non-self-starting Heun method(seen 11) is one kind of 
representative implicit methods [15]. In this paper, the 
non-self-starting Heun method is used to solve the 
differential equation. This method could guarantee the 
stability and accuracy. 
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(for j=1,2,…,m) 
Equation (10) is implicit and high-order ordinary 

differential equations. In order to resolve directly in R, we 

define
i ix q& ,

i iy u& ,
i iz h& . Then could be converted to 

first-order differential equations 
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The backward Euler method was used to calculate (12) 
and (13). There is an assumption that the total time t of the 

motion of rope is divided into T steps, n ≤T. And dt is 

time step and dt=t[n+1]-t[n]. Hence the improved euler 

method was used to solve the (12) and (13). And the 
improved euler method could be expressed as 
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Where m is the j-th step of iterations for implicit euler 
iterative computation. 

We used this algorithm to compile the program and 
calculate the models in the R platform. The Think 
Workstation D10 was used to solve all equations at all 
given points. Then the 3D dynamical behavior and tension 
loads can be attained. 

III. EXPERIMENTAL RESULTS  

After modeling and programming the midwater trawl 
net in steady flow using mechanical equations and implicit 
algorithm in R platform. The graphical package of R i.e. 
3D Real-Time Visualization Device System for R (RGL) 
was used to visualize the results. The package is so 
powerful that it can display the three-dimensional 
dynamical behavior of the midwater trawl net vividly. The 
results of the simulation and visualization presented lively 
in the equilibrium state (Fig .4, 5 and 6) and the 
equilibrium state were accord with the actual measured 
data in the ocean. Due to space limitation, we can only 
exhibit the three-dimensional space shape of the midwater 
trawl net under the sea water. Zhang et al. researched the 
part behavior of purse seine using half-implicit algorithm 
[10]. 

In the equilibrium state, the net opening was about 
105m, the net horizontal spreading was about 113m, the 
otter board horizontal spreading was about 151.89m. These 
parameters were very consist with the actual measured 
data. 

 
Figure 4.  The XY plane figure of the midwater trawl 
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Figure 5.  The XZ plane figure of the midwater trawl 

 
Figure 6.  The YZ plane figure of the midwater trawl 

IV. DISCUSSIONS 

The midwater trawl system is a soft flexible system. Its 
shape and tension distribution are changing and 
continually interacted. When some forces load on the ropes, 
the forces and tension in the system could change due to 
the change of their shape, so more time steps are need 
during simulation calculation period. When running the 
mathematical model, the stabilization is the most difficult. 
However, the model predicated successfully the 3D shape 
and tension distribution of the system in a reasonable time 
length. The results show that where the load highly 
concentrated in the system which can be an important 
reference during fishing gear design and operation. 

V. CONCLUSION 

In order to model the midwater trawl in steady flow, 
the lump-mass and spring method based on this paper was 
applied. The numerical model based on this method can 
predict the three-dimensional shape of the midwater trawl 
and the crucial parameters can be estimated accurately. 
The results show that this method can simulate other 
fishery equipment and engineering. Through this study, we 
can get more information about some more complex 
engineering systems such as net cages and purse seine 
systems consist of millions meshes and estimate the shape 
of space and tension loads. 
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