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Abstract

The lateral drift appears due to the effects of wind forces and/or wave drifting forces for a ship sailing
in actual sea. The effects of wind forces and / or wave drifting forces in views of lateral drift for
ship moving with certain forward speed have not been studied previously. Therefore, it is important
to investigate experimentally the influence of the lateral drift to ship seakeeping performance. In
this paper experimental results for the ship motions and drift forces on a container ship SR108
obliquely moving in waves are presented. An outline of the model test are also presented in this
paper. It is shown that sway, yaw and roll motions are significantly occured even in head waves.
In general it is also found that the ship motions and drift forces are influenced mostly by hull drift motion.
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1 Introduction

Waves and/or winds continually cause ships to de-
viate from its course and track, and the helmsman
may find it necessary to take corrective actions|1].
For ships moving with a certain drift angle, con-
siderable influence on ship motion appears[2]. It
is therefore important to capture the influence of
lateral drift on seakeeping performance to come up
with a rational treatment for ship design. Recently,
Ali et al. pointed out the necessity to take the
steady drift motion into account in view of ship
motion theory for accurate prediction of roll mo-
tion of a ship in heavy seas[3]. However, no attempt
to take the steady drift motion in view of all ship
motion modes includes surge into consideration.

In this study, we measured the ship motions and
drift forces for an obliquely moving ship in regular
head and beam waves as shown in Fig.1 This pa-
per describes the outline of the model test and the
results for a ship with lateral drift.

2 Outline of Model Test

Model tests were carried out in the seakeeping &
maneuvering basin, Nagasaki R & D centre, Mit-
subishi Heavy Industries. The size of the tank is
190m in length, 30m in width and 3.5m in water
depth. SR108 container ship was selected for the
test. Fig.2 shows the body plan. The principal di-
mensions of the ship and experimental conditions
are given in Table 1. The scale ratio is 1:50. The
metacentric height was set to be the standard con-
dition and check by the inclining test. A roll decay
test was also were carried out to obtain the natural
roll period, T.

The experiments were carried out at a several
drift angles, 3y (-10.0, -5.0, 0.0, 5.0 deg) while the
ship model towed by X-Y carriage at forward speed
U*=0.879m/s which is equivalent to Froude num-
ber, F,,=0.15. Wave height Hy, used in this ex-
periment is 70mm (Hw /Ly, = 0.02). In order
to produce the lateral drift condition, the model
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Figure 4: Arrangement of measuring equipment and dynamometer

Table 1: Principal dimensions of SR108 and exper-
imental conditions

Model Ship
Ship length Lypp 3.500m 175.0m
' Breadth B 0.508m 25.40m
Incoming Head A
A o ! Draft d 0.190m 9.50m
1=0° Displacement V 193.57kg | 24,801ton
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Figure 1: Schematic diagram of experiment ==

Figure 2: Body plan of SR108 container ship
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Figure 3: Definition of drift angle and drift force
components in the measurement system

is towed in transverse direction by a towing car-
riage at a constant lateral drift velocity with re-
spect to the magnitude of drift angles used in each
experiment. The definitions of this experiment are
shown in Fig.3. Ship motion amplitudes and steady
drift forces are measured in regular head and beam
wave cases(x = 0°2,90°). The experiments were
conducted at wave lengths A\/L,,=0.5, 0.7, 1.0 1.2
& 1.5.

Fig.4 shows the arrangement of measuring equip-
ment and dynamometer on board of ship model
SR108. The ship model is attach to X-Y towing
carriage. In experiments, we defined three types of
steady drift forces, namely longitudinal steady drift
forces X g, lateral steady drift forces Yp (Y1 +Y2/2)
and steady yawing moment M. Experiments of
drift forces were conducted in waves and still wa-
ter. Measurements of these steady drift forces and
yawing moment were carried out by putting the
load cell at the specified position on board of a
ship model. The steady drift forces and moment
are obtain by subtracting the experiment results
in waves with the results obtained in still water as
follows:

XR in waves XR in still water —— XR (1)
YD n waves YD wn still water — YD (2
MZ in waves MZ wn still water — MZ (3

3 Results of Ship Motions

All ship motions amplitudes |¢;| (j = 1,2,...,6)
with j=1 to 6 are refer to surge, sway, heave, roll,
pitch and yaw respectively. All these ship motion
amplitudes are non-dimensionalised as follows:

(51 (51

€51 = T (1 =1,2,3), §|= )

(j =4,5,6)

(4)
where A and v denotes wave amplitude and wave
number respectively. Graphs of the resulting ship
motions are plotted as a function of \/L.

Fig.5 shows that heave and pitch motion are
slightly increase in short waves and significantly re-
duced in long waves region by increasing the drift
angle and/or lateral drift velocity. However, the
changes of amplitudes of motion from hull without
drift motion to hull with drift motion case are not
so remarkable.

The experiment result shows that an obliquely
moving ship in regular head waves is not confined
only to vertical motions, the sway, yaw and roll mo-
tions also occurred significantly. The amplitudes of
sway, yaw and roll motion in head waves are con-
sistently increase by increasing the drift motion.
These results confirmed that the lateral drift ve-
locity gave a significant impact to all ship motions
modes including surge motion.

Fig.6 shows that the amplitude of heave and
pitch for ship with lateral drift in beam waves
was slightly increased by increasing the drift angle
and/or lateral drift velocity. However these tenden-
cies are not very clear. Fig.6 also shows that the
heave and pitch motion are reduced significantly
if the direction of the drift angle is changes. This
result shows the dependency of heave and pitch mo-
tion on the direction of drift angle for beam waves
case.

The amplitudes of sway, yaw, and roll motion
with and without lateral drift effects in regular
beam waves (y=90.0deg) are also shown in fig.6.
The amplitudes of motions are found consistently
decreased by increasing the drift angle and were
slightly increased by decreasing the drift angle (for
positive values of drift angle). These experimen-
tal results confirmed that the lateral drift has a
significant impact on reducing the ship motion in
beam waves. The dependency of the lateral mo-
tions (sway, roll & yaw) on the direction of drift
angle is very clear.
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Figure 5: Effect of hull drift angle on ship motions in
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Figure 6: Effect of hull drift angle on ship motions in regular beam waves



4 Results of Drift Forces

Experimental results of the wave drift forces for a
ship obliquely moving in waves are presented. In
views of a ship obliquely moving in waves, there
exist a kind of steady drift forces, due to the waves
and hull drifting velocity. Steady drift forces and
yawing moment denoted by Xgr, Yp and My are
non-dimensionalised as follows:

X Vo= ot My = s ()
pgA*(B? Lyp) pgA*B

with p is density of water and g is acceleration grav-

ity. Graphs of the resulting steady drift forces are

plotted as a function of A\/L.

Fig.7 shows the results of X}l%, Y}, & M, in head
waves case. This figure shows that the steady drift
forces and moment for hull without drift angle are
confined only to longitudinal steady drift force XI/%.
The lateral steady drift force Y[') and steady yawing
moment M /Z are seemed very closed to zero at zero
drift angle case.

Furthermore, experimental results of X ;%, Y[/) &
M/Z at non-zero drift angle (fig.7) shows that the
steady drift forces and yawing moment was signif-
icantly occurred especially at A/L = 1.0.

Fig.8 shows the results of Xp, Y;, & My in
beam waves case. This figure shows that the steady
drift forces and yawing moment was significantly
occurred even at zero drift angle case. The ex-
perimental result at non-zero drift angle in beam
waves shows that the steady drift forces and yawing
moment are significantly decreased by increase the
drift angle. This figure also shows that the direc-
tion of the specified drift angles have a significant
impact to the X;%, leD & MlZ The lateral steady
drift force Yg & yawing moment M /Z were slightly
increased by changes the direction of drift angle.

5 Concluding Remarks

The experimental results of a ship obliquely mov-
ing in waves were presented. It was found that
the wave-induced motion for a ship obliquely mov-
ing in head waves are not confined only to vertical
motion, but lateral motion namely sway, yaw, and
roll motion are also occurred. Furthermore, we also
found that the vertical motion in head waves and

lateral motion in beam waves are slightly decreased
by increasing the lateral drift and/or drift angle.

The effects of drift angle on steady drift forces
were investigated. The lateral drift force Y/, and
yawing moment M, occurred significantly even in
head waves case. The longitudinal drift forces X7,
is found increase in head waves when increasing the
lateral drift. However, this drift force X}, is looks
decreased in beam waves.

According to the experimental results, it is con-
firmed that in order to obtain accurate prediction
of ship motions; namely surge, sway, heave, roll,
pitch and yaw, there is a necessity to take the hull
lateral drift velocity into consideration.

It is important to note here that, the theoretical
approach for a ship obliquely moving in waves
has been formulated recently in the framework
of a strip method by Faizul A.A & H. Yasukawa
(2007)[5]. A comparison between experiment
results by means of model test reported in this
paper and computed results based on established
theory will be performed soon.
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Figure 7: Effect of hull drift angles on wave drift forces in regular head waves
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Figure 8: Effect of hull drift angles on wave drift forces in

regular beam waves



