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ABSTRACT

In this paper we presents a model of vessel motion control with the possibility to change the cargo mass.
In the framework of the model we consider external forces acting on the vessel, the magnitude of which
can be variable. We also present an analyti-cal approach for analysis of the considered model. The approach
gives a possibility to take into account changing of parameters of the in time, as well as the nonlinearity of
the model.
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INTRODUCTION

Vessel controllability is a topical issue to decrease quantity of accidents and optimizing cargo
transportation. In this regard, a forecast of vessel movement is necessary. One of the classic methods for
choosing a vessel's route is to calculate its possible trajectory depending on various parameters [1-5].
Another topical issue is increasing the buoyancy and stability of a vessel. In this paper we intro-duce a
vessel movement model that is more general than those introduced in liter-ature. We also presents an
analytical approach to analyze the model

METHODOLOGY

Motion of a vessel can be described on the basis of Newton's second law [1-7]. In the framework of this
law, changing of the projections of the corresponding velocities is described by the following equations
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wheredx/dt =vx;dy/dt =vy;dz/dt =vz;d0 /dt =ox;dy/dt =oy;de/dt = w®z; mis the
vessel mass; x and y are the horizontal movements of the vessel; z is the vertical movement of the vessel,
v is the vessel trim angle; 0 is the vessel heel angle; mx, my and mz are the attached mass of water; LX,
Ly and Lz are the attached moments of water; ®wx, oy and mz are the projections of angular velocity on
axes Ox, Oy and Oz; vx, vy and vz are the projections of vessel velocity on similar axes; p is the water

density; g is the acceleration due to gravity; V is the vessel volumetric displacement; Fg is the vessel gravity

N
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(weight displacement); =t s the total weight of cargo accepted on board; Fx1, Fyl and Fz1 are the

components of water resistance force to hull movements; Mx1, Myl and Mz1 are the moments of water
resistance to hull movements; Fx2, Fy2 and Fz2 are the components of disturbing force; Mx2, My2 and
Mz2 are the moments due to wave action; Lxx, Lyy and Lzz are the central moments of inertia of vessel
mass relative to coordinate axes; x1= x1c-x1g, yl= ylc-ylg, z1= zlc-z1g, x1c, ylc and zlc are the
coordinates of the vessel's center, x1g, y1g and z1g are the coordinates of the vessel's center of gravity;
Mkr is the heeling moment of external forces; Mdiff is the trimming moment of external forces. Integration
of the left and right parts of the equations of system (1) over time leads to the following result

t +F tMr_ngX—l_XPan-i_MX +MX

f 2t @ =] : e - sz;

0 m+m " 0 Lxx+Lx

tF +F Mys —pgV y, +ZP. Y, + M + M,
v, = [2—2d1; 0, = " dr ; 2
Yoo m+m, Ee 0 Lyy+Ly ()
V-F -—>P +F,+F
V:ng g 21“ 2 2dr;
Z m+m

The initial values of the coordinates and speeds of movement, as well as the angles of rotation and the
corresponding speeds were considered as zero, which can be obtained by choosing the origin. Repeated
integration of the equations of system (1) over time allows us to obtain the equations of motion of the
vessel in the final form
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DISCUSSION
In this section we analyze the equations of motion (3) for different values of considered parameters. Figs.

1 and 2 show dependences of the coordinate z, angles 6 and y on various parameters. Figs. 3 and 4 show
similar dependences of the velocities vx, as well as the frequencies ox and wy.
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Fig. 1. Typical dependences of the ship's roll angle 6 on the heeling moment of external forces Mkr. Similar
will be the dependences of this angle on the moments Mx1 and Mx2, the weights of the cargo P. The

dependences of the z coordinate on the density of water p, the acceleration of gravity g, the volumetric
displacement of the vessel V, the forces Fz1 and Fz2
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Fig. 2. Typical dependences of the ship's roll angle 6 on the volumetric displacement of the ship V. The
dependences of this angle on the density of water p and the acceleration of gravity g will be similar. The
dependences of the z coordinate on the gravity Fg of the weights of the cargo received on the ship P
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Fig. 3. Typical dependences of the ship's roll angle 6 on the central moment of inertia of the ship's mass
Lxx. The dependence of this angle on the added moments of water Lx will be similar. The dependences of
the trim angle of the ship y of the same moments will be similar. Also, the dependences of the z coordinate
on the masses m and mz will be similar
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Fig. 4. Typical dependences of the ship's roll angle 6 on time t. The time depend-ences of the ship trim
angle [ and the z coordinate are similar

CONCLUSION

We presents a model of vessel motion control with the possibility to change the cargo mass. The model
gives a possibility to take into account external forces acting on the vessel, the magnitude of which can be
variable. We also present an analytical approach for analysis of the considered model. The approach gives
a possibility to take into account changing of parameters of the in time, as well as the nonlinearity of the
model.
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