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On the Unstable Behavior ¢f Roll Moment
due to the Manoeuvering of a Ship
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Abstract

In order to evaluate rolling characteristics of high speed containr carrier the author
.developed yaw-sway-rudder coupled roll equation, which is likely to be 5th order differential
equation

The free rolling time history with particular reference to automatic steering, was
computed upon the base of the yaw-sway-rudder coupled roll equation,

The computed result explained effects of C, and C, on rolling behaviors and furthermore
the effect of C, proved to be very effective where C; and C, are yaw gain constant and yaw=
rate gain constant of auto-pilot respectively. Computation was carried out using Matsumo-
to’s data of hydrodynamic force derivatives of 5 meter long container model.
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=blcck coefficient
C, =prismatic coefficient
d =ship draft
D, =propeller diameter
Fx=rudder normai force
F. =Froude number
H =rudder height
Iz, .=moment of inertia of ship about x &
z-axes respectively

Je, Jo=added moment of inertia of ship
about x & z-axes respectively

I's, I'sy J!, Je=Ii I, Jo, Jo/ VopLld

K =total roil moment

K =K/ L'dV*

K. =radius ¢f gyration of ship about
z-axis

L =ship length(between perpendiculars)

m =mass of ship

mz:, m» =added mass of ship in x & y-

axes respectively

m, ms, my/VipL'd

N =total yaw moment

N' =NYpL'dV*

e =propeiler pitch ratio

m/, mz, my=

u =ship speed in x-axis direction
V  =ship speed( = u'+0" =u)

=ship speed in y-axis direction
=damping moment of pure roll motion
=yaw rate(=¢)
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Nomenclature
Ar=rudder area v
B =ship beam R
C, =yaw-gain constant of auto-pilot r
C, =yaw-rate gain constant of auto-pilot "

=/ ()

W =displacement of ship

X
Y

Gl =vertical distance between

KG =vertical distance between

KM=vertical distance between

=total force in x-axis direction
=total force in y-axis direction
=Y/%120Ld V?

center of
gravity and metacenter

keel and
center of gravity

keel and

metacenter

OG =vertical distance between water line

P

and center of gravity
=density of water

A =aspect ratio of rudder

< =volumedisplacement of ship

B

¢
¢

=drift engle(=:— <)
=roll angle
=yaw angle

¢(s), ¢(s) etc. =Laplace transform of ¢,

1)
o

¢ etc.
=rudder angle
=normalized equivalent linear damping -
coefficient of pure roll motion

(=R/3I:+J)]
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-wz =ship’s natural frequency of pure roll Ns;=0N/36 , Ne=0N"/ab6
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Table.1 Principal particulars of SR108

Hull ' Propeller
! !
L } 5.00(m) * De 0.1857(m)
I 0.726(m) P ' 1.055
‘ .
fore 0.2286(m) ’ No. of blades s 5
a mid 0.2429(m) |
aft 9571(m) Blade section l TROOST
a | 0.495(m") f Rudder
o) } 0.5617 I I 0.0265(m?)
C } 0.5821 ; 4 1.827
K, ‘ 0.24L | H 0.22m
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Table 2. Hydrodynamic force derivatives of SR 108,
— |
KM } 0.30 (m)
CM ? 0.015  (m)
L/v | 2. 04082 - (sec)
mi+ml e —Y', | 0.118156
m +m'y ‘ 0.308127
U+ Jx ‘ 0. 000496
I+ J. } 0. 015025
Yg ! 0.253191
Y’y { 0.0
Y’s l 0. 054253
Ny | 0. 07719
N’ : 0. 045698
N'g ‘ 0.010247
Ntg ] 0. 026419
K'p 0. 008282
K's 0.001527
a i 0.069517
w?, [ 1. 933018
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Fig.4 Root locus diagram of characteristic Fig.5 Root locus diagram of characteristic’

equation of rolling showing the effect
of yaw-rate gain constant C,,

_equation of rolling showing the

effect of yaw gain constant C,
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