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ABSTRACT

In this study, the part dynamics of the midwatemwr were modeled and simulated using mechanical
equations and R language. A lumped mass methodisexs to model the dynamical behavior of a net in
steady flow. And the implicit algorithm was devedmpto solve the stiff differential equations. The
programming, simulation and visualization of the deling were based on the R platform. The part
dynamics of the trawl in the sea water were preskaticcessfully, and the motion process conformetl w
to the observed data in the ocean.
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and the time step of stable solution is extremely

limited by the stiffness of the flexible engineegrin
systems [7].

1. INTRODUCTION

Midwater trawl is a kind of big fishing gear to
catch fish which lives in the midwater layers ieth R is an implementation of the S programming
Ocean. In recent years, the fishing gear design t@hguage combined with lexical scoping semantics
midwater trawl has improved based on the waténspired by Scheme, and is created by Ross Ihaka
tank experiments and the development ofind Robert Gentleman at the University of
mechanical research. But nonlinear differentiahuckland, New Zealand [8]. Although R is a
equations, derived from the fishing gears, arprogramming language and software environment
difficult to solve. Few studies have addressetbr statistical computing and graphics, it can diso
fishing gears by numerical simulation models. Hu aised as a general matrix calculation toolbox with
al. described the dynamical analysis of midwatguerformance benchmarks comparable to MATLAB
trawl system with two-dimensional lumped mas$9]. Berend Hasselman has developed a package
method [1]. Priour et al. described trawl net sisapdgnlegslv) to solve the systems of no linear equetio
by the finite element method with triangular[10]. It is capable to be used to some simpledhiti
elements [2-4]. Takagi et al. used the lumped masalue problems of ordinary differential equations.
method to study the fishing gear system by¥or some complicated engineering systems (such as
subdividing the elements of fishing gears [5]. ke the modeling of big fishing gears with hundreds of
al. used an implicit calculation method to simulaté&igher-order differential equations), it shows much
trawl gear with the lumped mass method [6]. weakness. The mathematical modeling of the

However, the computation of the models are todynamics of trawl is just the performance of a
' P gomplicated engineering system.

complex and difficult to understand due to the
complicated structure. The coordinated systemsIn this study, we established a series of
used in the calculation are most the local cootdinamathematical models with the lumped mass method
systems and need to be converted. Most of the simulate the part of trawl net in three dimensio

nonlinear differential equations are solved by th€3D). And a set of complicated mathematical
explicit method such as Runge-Kutta method. Budalculations were programmed in the R platform
they suffer from instability and accuracy problemsuysing an implicit method. Another R package of 3D
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Real-Time Visualization Device System for Rforce, andM is the mass of point i including the
(RGL) was also used to display the 3D dynamicadded mass of i.

process. Each mesh knot was considered with a spherical

2. METHODS shape (Fig.2). Hence the fluid dynamical
coefficients in all directions are the same. The

2.1 Numerical Modeling of Part Dynamics of dynamical equations of knotre:

Trawl Mi% =T +F,
In this study, considering the part shape of trawl, M.y =T, +F, (2)
a virtual mathematical mesh model with 10 by 6 M 2 =T,+F,-W +B

meshes was established (Fig.1 and Table.1). The

trawl system is composed of nettings, ropes, floats \yhere % , 9 andz are the second-order
sinkers, otter board and other affiliations. Many, . . . . .
mathematical models considered fishing ge(,jl(iienvatwes of the location coordinates of x, y and
systems as flexible systems, which are the physical The mesh bar is looked as a spring, based on the
systems with many Ilumped mass poinHooke's law, the tension T could be expressed as:

interconnected by springs. In our model, mass L =1y
1 1) |

points are considered to be concentrated at each EA —— L. >,

. . T ] | 1j 0ij 3
knot and the midpoint of each mesh bar. To I F oi )
simplify the model, an assumption was that no 0 | <l

<l
external force exist on the spring. There only tsxis o
the f_orces of tension force acted on _the spring, an WhereA, , E are cross sectional area and the
gravity, bupyancy and hydrodynamic for<_:e (dra odulus of elasticity of the mesh bar between mass
force and lift force) acted on the mass points. And .~ . . . g

points i and j, respectivelly, andl; are the original

the four corners of the net are fixed.

length and deformed length between mass points i
and j, respectively. Then the model of tensiondorc
can be obtained as:

(X; =)
T = z Jl__ |T|J |
Figure 1: The Schematic Diagram Of Mesh Model o
Table 1 : The Net Materials Used In The Model T, = ZM IT; | (4)
jOH ij
Parameters Value : (Z j z )
Mesh Size (mm) 10 T, =Y ——T, |
Material Polyethylene jOH Iij
Density (kg/m3) 953
Diameter of bar (mm) 4 Where H indicates the number of neighboring
Mesh nurmber 10 points arrounding the i-th point.
(horizontal)
Mesh number 6 B
(vertical)

Hanging ratio T
(horizontal) 05 T, 2
Hanging ratio(vertical) 0.866 F

T
. . T 4
2.2 Equations of M echanical M odels z 3
It was assumed that the fishing net was in a state v
with spatial-temporally uniform current flow. The . W

motion of point i can be expressed by the following
equation based on the Newton second law:

Ma=T+F+W+B (@h)

X
Figure 2: The Schematic Diagram Of The Knot

The hydrodynamic force at point i can be
Wherea is the acceleration vector of poinfliis  expressed as the following equations:
the tension force acting on point E is the
hydrodynamic force including drag force and lift
force; W is the gravity forceB is the buoyancy

R
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1 . . Table 2 : The Coefficient Parameters Used In The Model
F,=-pCiSI%-ul (X -u)
2 Parameters Value
1 . .
F,=-pCS|Y -V -V) (5) Cnoo 1.20
2 I 0.0064
1 . . Cr 1.0
F,=-pCSlz-w|(z -w) g(m's?) 9.81
2 density of water (kg/n) 1030
. . . v(nys) 10.0
Where, p is the density of waterC, is the drag Cq 047
E 28500000

coefficient, Sis the projection area of point i and
(u, v, w) --the water flow velocity in three
dimensions. The dot-notation () represents 1 -
differentiation of the first order with respectttme Ru =5 pAI(SIn”y Coy/Cygo Jh ~W I ~W §
t. So the dynamical equations of point i were: +%pdl(sin2ﬁcosl?CNgo Y-V -V §

5§:fl()g!yiizi’).(i’xj’y] ’Zi;t) L in®
Ry =5 pdi(sin’ y cos/Cgo Jh W I —w §

¥ =0(%. Y79, 02 1) (6) . (8)
2 =h(X,¥.2.2.%.Y; . 1) +§,odl(sinzacosacN90 ¥ -ulk-u§
1 -
Each mesh bar was assumed to be a cylindrical R, =5 pdi(sin” BCosBCys0 N =V I§ ~V §
element (Fig.3). It was assumed that the angles of 1 L,
the bar to the axes of X, Y and Z ame, 3, y, +5pd(sinarcosaCygy )k —u | & —u ¥
respectively. Then the drag forceR() and lift For the equations of tension force, the formula is
force (R ) can be expressed as: similar to equations (3) and (4). The motion of the
i-th bar can be expressed as:
=1 odi(sir? « —ul (% -
RDX—zpdl(sm ACygo+ 71C, )% —U| (% —U) MX =(T.+R+R.)
1 - , . -
RDy=Epdl(5|n BCygo *+ 1C; )‘Yi_v‘ ¥ -v) (7) M,y, =(Ty+RDy+RLy) (9)

Ry, = 5 P (N YCy+ 7€ 2~ (5~ w) Mz =(T + R, + R, +B -W)
. . ) Equation (9) can be changed into ordinary
Where is the diameter of the mesh bar; is th&ﬁerential equations:
original length of mesh bar; is the drag coeffitie — ; _ ¢ v , « v » 2% y.z.1
in the state that the flow is vertical to the kard is ); _ 92((); ); ZZ 2 ); 2 );11);1 Zl Xz );2 ,22 t)) (10)
the resistance coefficient caused by viscous force zlzh;( 'y" . yz ) 'y“zl;(Z;/ZZ 21)
(Table.2); is the projection component. ' XN R R A % Y2 Xe Y 2,

B ®

)

2.3 Programming, Algorithm and Simulation

The equations (6) and (10) are implicit and high-
order ordinary differential equations. In order to
resolve directly in R, we define
%X =0,Y¥ =u,% =h. Then (6) and (10) could be
converted to first-order differential equations:

[V )

G = f,(%. ¥.2.6.%.,Y;.Z )

U =0,(%,¥,%,U,% Y, 2 ) (12)
h=h(X.%.2.h.%.Y.21)

4 =500 %:2,0,U0 %,Y1.2%¥, 2,1 )

U =0,(%, Y, %,G U 0 X Y0 2 X, Y2 Z, 1) (12)
h = (%, ¥, 2,000 XY 2 X, Y, 2ot )

Figure 3: The Schematic Diagram Of The Mesh Bar

The backward Euler method was used to
calculate (11) and (12). We assumed that the whole

R
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time t of the motion of net is divided into T stefs
<T. And dt is time step and dt=t[k+1]-t[k]. And we
used the improved euler method to calculate the
equation (13). Then the improved euler method is
used as:
[k = [ + S x(al} -+ k] ™) ;
K+ =y + XU k) .
N ' 0. x

2[k+1J™ = 2[K + S X(h K +H k)"
2 (13)
qlk+1™ =q[K +Et><( f(K) + f(k+1)I™)

uk+1"" =u[K +%X( g(K +g(k+1)™)
hik+1"™ =h[K +% x(h(K +h(k+)™)

Where m is the m-th step of iterations for
implicit Euler iterative computation.

The above algorithm is used to compile the
program and to calculate the models in the R
platform. These equations are solved numerically at
all given points using a workstation. After thatet
dynamics of part of the trawl net under sea water
can be simulated.

3. VISUALIZATION OF THE RESULTS

After modeling and programming the part of
trawl net using mechanical equations and implicit
algorithm under R platform, another graphical
package of R was used to visualize the results. The
package 3D Real-Time Visualization Device
System for R (RGL) is very powerful and it can
exhibit the dynamics successfully and vividly in
three dimensions. The results of the simulation and
visualization presented lively the extending praces
from the initial position to the equilibrium state
(Fig. 4, 5, 6 and 7) and the motion process
conformed well to the observed data in the ocean.
Due to the large size of figures, we only gave some
important figures to exhibit the dynamical process
of the part behavior of trawl net under the sea
water. Zhang et al. researched the part behavior of
purse seine using half-implicit algorithm [11].
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Figure 4: The Initial Shape Of The Part Of Midwater
Trawl
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Figure 5: Beginning To Extend By The Flow Of Sea
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Figure 6: Extending Influenced By The Flow Of Sea
Water
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