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Study on Capsizing Process and Numerical Simulation of a Fishing Boat in Heading Waves
by Tsugukiyo Hirayama, Member Koji. Nishimura, Member
Masaaki Fukushima, Member

Summary

Recently, it was reported that a fishing boat (displacement is about 180 ton) had capsized in head
seas. Comparing to the case in following waves, capsizing in head irregular waves are not investigated
enough in the past. So, in this paper, we investigated capsizing process both by experiments in
directional spectrum waves, and by numerical simulation in long crested regular waves including the

effect of maneuvering.
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Fig.2 Body Plan for numerical simulation
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Fig.4 GZ curve (measured and calculated) without
Deck House
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Fig.5 Transfer Function of roll, pitch, heave (V=0)

Fig.6 Measured time history in head irregular waves

(T02=0.8 sec, Hi3=8.7 cm, in model scale) (V
=4 knots, in ship scale)
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Fig.9 Physical simulation of net shifting
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Fig.10 Measured directional spectrum waves for
experiments
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Table 2

m__| mass of ship
my_| added mass (x direction)
m, | added mass (y direction)
m; _| added mass (z direction)

Zyx | moment of inertia (rotation about x)

1, moment of inertia (rotation about y)

1:» | moment of inertia (rotation about 2)

Jer_| added moment of inertia (rotation about x)
Jy | added moment of inertia (rotation about )
Jzs | added moment of inertia (rotation about 2)
U_ | velocity (x direction)

V| velocity (ydirection)
w

[

0

velocity (z direction)
roll angle
pitch angle
¢ | heading angle
X ¢ | length from G'to effective point of m, (x direction)
2 _| length from G to effective point of my (z direction)
¢ ¢_| coordinate of Gon earth fixed system ( ¢ direction)
o | density of fluid
Ar_| area of rudder
Ur_| effective attack velocity of rudder
£ | slope of lift coefficient of rudder
2 p | effective attack angle of rudder
J | rudder angle
T | propeller thrust behind ship
¢ | thrust deduction fraction
R | resistance of ship
Xrk | Froude-Krylov force (x direction)
Yrx | Froude-Krylov force (y direction)
Zrx | Froude-Krylov force (zdirection)
Krx | Froude-Krylov moment (rotation about X)
Mex | Froude-Krylov moment (rotation about X)
Nex | Froude-Krylov moment (rotation about X)
£ | acceleration of gravity
/g __| length from G to center of pressure on rudder (xdirection)
hg_|length from Gto center of pressure on rudder (zdirection)

(3)
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Epgﬁ/l:A(x)dx‘

— 0g COS ¢'/LF(x)A(x)sin k
X (Ec+x cos ¢—ct)dz

YP".KZ—'//Zg—yp,dV

= pg sin g/:/L.F(x)A(x)sin k
X (Ec+x cos ¢—ct)dx

-

= —pg/L.A(x)d:L‘
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