Pracesdings of the 9tk Irternational Conference am Stability of Ships

ol Oeedn Vehicles

STaABE=00DG

Numerical Study of Ship Rolling in Turning Manoeuvr es

Serge Sutulo, Unit of Marine Technology and Engineering, Technical University of Lisbon

Instituto Superior Técnico

C. Guedes Soares, Unit of Marine Technology and Engineering, Technical University of Lisbon

Instituto Superior Técnico

ABSTRACT

A unified mathematical modd describing both manoeuvring and seakeeping motions of surface
displacement shipsis used for numerica investigation of the ship motions in turning manoeuvres under
action of regular waves. The 6DOF model combines a semi-empiric mode for the till-water
manoeuvring forces with amodel for the seakeeping forces built as a generalization of the ordinary strip
method. Comparative simulations included unrestrained and restrained straight runs in beam sess, and
turning manoeuvres in still water and under action of waves, and are demonstrating that the attained
Instantaneous roll angles can be higher in turning than in the straight run.
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1. INTRODUCTION

Historicaly, the ship rolling was the first kind
of ship motions in waves studied theoretically
and it remained the most important one from the
viewpoint of the ship safety. While the first
studies were dealing with a ship a zero speed
and subject to the action of regular beam sesas,
further developments of the theory accounted for
the speed of advance and dready at arbitrary
wave encounter angles.

Instead of simpler mathematica models
based on an isolated roll equation, effects of
coupling were accounted for leading to
sophisticated 6DOF time-domain smulation
codes. Also, consideration of the irregular waves,
and/or nonlinear phenomena, such as the
parametric and sub-harmonic resonance etc. was
done.

At the same time, one basic assumption,
which can be consdered as traditiond for the
seakeeping in general, was kept unchanged: the
reference motion of the ship was assumed to be a

rectilinear motion with constant speed and zero
mean drift angle. In fact, the problem statement
involving this assumption not only is the smplest
possible but is aso reasonable and rather well
based. First of dl, running in straight path is the
predominant regime for most seagoing vessals.
Another typical dtuation is stationing, i.e. free
drifting or positioning, a zero speed but this is
just a particular case of the previous situation.
Any sort of manoeuvring takes only a small
fraction of many ships operationa time.

Also, from certain viewpoints, the straight run
can occur to be one of the most dangerous
options. in the case of an unfavourable
combination of the parameters of the incident
waves and of the ship's speed and heading, any
possible resonance will benefit from a long and
steady exposure and will be able to develop up to
apossible critica situation.

On the other hand, however, it is known from
the maritime practice that manoeuvres in stormy
weather can become dangerous and are to be
avoided completely or should be performed in a
gentle and careful way as othewise the
combined effect of the manoeuvre-induced roll



and of the wave action can result in fata
consequences. But there are many dtuations
when hard manoeuvring in extremely rough sea
cannot be avoided: rescue and sadvage
operations, wegpon- or collison-avoidance
manoeuvres etc. This indicates that rolling of a
ship moving along a curvilinear trgectory
deserves specid study and, probably, such a
statement should be considered as standard in the
future.

Unfortunately, so far, too few studies, if any,
related to this situation are known. Thisis caused
not only by a possible underestimation of the
problem but aso by the lack of suitable
mathematicall models. Most of such models
(Ottosson & Bystrom, 1991, Bailey & Price,
1997, Ayaz & Vassados, 2003) were modes
devised primarily for studying manoeuvring
motion in waves and with theroll considered asa
secondary effect.

A certain exception happened to be a study
by Remez (1985) who studied rolling in the
steady turn from the viewpoint of the seakeeping
safety. However, his mathematical model was
deficient in the sense that no manoeuvring-
originated forces participated in the roll equation.
As result, Remez came to the then obvious
conclusion that the maximum attainable absolute
values of the roll angle during the turn were
always inferior to those reached in the most
unfavourable corresponding straight run whichis,
however, contradicting the common sense and
the practice of the ship operations.

Moreover, even in dill-water manoeuvring,
some ships show quite significant instantaneous
heel angle absolute values: over 25deg according
to Tragardh (2003). No doubt, this value can be
tangibly amplified when the incident wave's
action is added. In addition, it was found that
such a large dynamic hed correlated with the
dynamic trim. Thisindicates that the usual 4ADOF
manoeuvring model is not aways able to predict
this phenomenon correctly.

On the other hand, a number of 6DOF time-
domain seakeeping models appeared (Pawlowski

& Bass, 1991, Belenky et a., 2003) which
contain certain manoeuvrability elements, such as
the rudder and propeller forces and are often
complemented with a numerical representation of
a smple automatic controller to maintain the
straight course, i.e. the canonical seakeeping
regime, in the presence of wave disturbances.
However, typicaly such codes miss appropriate
description of the hull manoeuvring forces and
do not fairly reproduce the ship’s behaviour in
manoeuvring.

It is rather difficult, anyway, to build a
mathematicdl model equally suitable for
manoeuvring and seakeeping studies as the
quasi-steady viscous forces are highly essentia in
the first case while the substantially unsteady
potential forces, including the hydrostatic part,
dominate in seakeeping. An appropriate direct
CFD modelling based on the (still Reynolds-
Averaged) Navier—Stokes equations could, in
principle, provide adequate description of all
physics. But this approach is dtll highly
numericaly inefficient even when an exquisite
hardware is used. Another problem is connected
to difficulties in aranging an appropriate
turbulence model which is especidly difficult in
the highly challenging case of curvilinear motion
of a surface displacement ship asthe flow around
the ship’s hull is then rich in separations, re-
attachments, vortex formation, let aone
substantia interaction with the rudder and
propeller. That is why, all practical manoeuvring
models are based on empiric data combined with
various more or less justified assumptions. Asthe
experimentally determined forces contain aso
inseparable  potential  parts, there correct
superposition with the seakeeping loads is not
trivial.

The present study is based on a newly
developed  agpproximate  manoeuvring-and-
seakeeping mathematical model  suitable for
dender displacement ships. Some elements of
this model are described in (Sutulo & Guedes
Soares, 2005). The modd is used in this study to
model the ship rolling in turning manoeuvres by
means of the time-domain simulation of the
manoeuvring motion in regular sea of moderate



height and weak steepness. As the used modd is
nonlinear, and accounts for most coupling
effects, it can potentially revea the parametric
resonance, describe the broaching phenomenon
in astern sea and the capsizing Stuations.
However, envisaging corresponding studies in
the future, this particular contribution does only
deal with the dtuation close to the main roll
resonance with the main purpose of comparing
theroll’s severity in straight runs and in relatively
tight manoeuvres. Only full-helm turning
manoeuvres are considered here as they can be
consdered a priori as being of the most
dangerous ones, especidly at the initia phase
which also is similar to the initial phase of many
other manoeuvres, like fast course changes, fast
lane changes etc.

2.SHIPMATHEMATICAL MODEL

2.1. Frames of Reference

The following right-hand Cartesian frames of
reference are used:

The Earth-fixed frame O,¢{,7,{, with the
origin O, and the ¢,-axis lying on the
undisturbed free surface (some appropriate
direction of this axis can be chosen arbitrarily).
The {,-axisisdirected vertically downwards.

The body axes Cxyz linked to the ship
treated as a rigid body. The x-axis lies in the
centre-plane of the ship and is directed to the
bow. It is supposed that at some initia time
moment t=0 and a the ship's equilibrium
position this frame coincides with the Earth
frame i.e. the z-axis is directed from top to
bottom and the y-axis—to the starboard. The
body frame's postion and orientation with
respect to the Earth frame is described by the
origin's advance & , transfer 7)., sinkage (or
heave) {., and by the three Euler angles defined
as usud: the heading angle ¢/, pitch angle 8 and
roll angle ¢ .

The body semi-fixed axes O&n{ differing
from the body-fixed axes Cxyz by not being
involved into the heave, pitch and roll.

During the evaluation, one more system of
co-ordinates O,&/7,{; was used which differed
from the frame O¢&nd by its non-involvement
into the wave-induced yawing. These axes are
usually caled the seakeeping axes in the
orthodox linear consideration.

2.2. Basic Equations of Motion

The ship is assumed to be rigid. The Euler
equations of motion in the non-central body axes
arewritten as:

(m+,un)u+(sz +:U15)q —mvr

—mxgr? +mz; pr +mwo —mx,g” =X,

(M+ Ly )V = (M2, + 1) P (MK + Lo )
+mur —mur —mwp +mx; pq +mz.qr =Y,
(m"'luss)w_(mxe +/'135)q —muq

—Mz5q° +MVp + M, pr —mz; p° =Z,
_(mZG +/'124)V +(I><x +/J44) p _(Ixz +:u46)r ()
+mzewp + (1, =1, )ar -mzzur =1, pq =K,
(mzc +,L115)U—(I’T'IXG +/'135)W+(|yy +/~155)q
+mMx;ug +mzewg +(1,, —1,,) pr
+, (p* =1%) —mzewr —mx;vp =M,

(mXG +/'126)v_(|xz +/J46) p +(Izz +/'166)r
+mxsur —mx;wp +(1, —1,,) pg +1,,0r =N,

where m is the ship's mass, x; and z; are
the centre-of-mass co-ordinates,
XY, Z,K,M,N ae the tota forces and
moments for the surge, sway, heave, roll, pitch,
and yaw respectively, and u,v,w, p,q,r are the
(quas)-velocities of surge, sway, heave, roll,
pitch and yaw respectively.

The dynamic equations ae adso
complemented with the standard kinematic



differential equations linking the generalized ship
co-ordinates with the quasi-vel ocities.

For each force or moment component

F=X)Y,..., N, the following decomposition
takes place:
F=F, +F +F, -F,, (2

where the subscripts have the following
meaning: g stands for the gravitationa forces;
sk —seakeeping forces;, m —manoeuvring
forces, skO corresponds to the seakeeping forces
which are computed at the zero wave amplitude
and are subtracted to eliminate double account of
potential components present in both the
seakeeping and manoeuvring loads. In the
dender-body theory, the last component is
defined by the zerofrequency added mass
longitudinal distribution. When integrated along
the reduced ship length to account for viscous
effects, as done in the present study, this
distribution results in the horizonta plane in the
dender-body estimate of the manoeuvring forces
which are introduced here independently.

2.3. Seakeeping Forces

Assumptions. The ship is assumed to be
dender so that the strip method is applicable and
the oncoming waves are regular, with constant
parameters. The flow is supposed to be potential
and described with the absolute fluid velocity
potentia ¢ &,17,.{,) satisfying the Laplace
equation within the fluid domain and al the usua
boundary conditions. The free-surface boundary
condition is supposed to be linear and satisfied on
the undisturbed free surface.

Representation of the Veocity Potential. As
usual, the velocity potential can be decomposed
asfollows:

= ©)
C=¢ *¢y T4y,

where ¢, isthe potentia caused by the ship
motions, ¢, is the incident wave potentia, and
@, isthediffraction potential.

The potential ¢, setisfies the usual body
boundary condition on the instantaneous
submerged hull surface S; and the incident wave
potential istaken as

@, = Re{ig;aw ok o) ei“‘} (4)
w

where k, =kcos X, K, =KSin X,
k=a’/g is the wave number, w is the wave
frequency, and y,, IS the wave propagation
angle with respect to the axis O,¢, .

Decomposition of Seakeeping Forces. the
ship velocity V.. issupposed to be constituted of
two parts. the steady velocity of advance V.,
and the seakeeping part per se V.,. A smilar
decomposition can be made in a more general
seakeeping-and-manoeuvring formulation. For
thetota velocity of any point fixed in the moving
frame V (X, Y, z) it can be written:

V(X Y,zt)=V,(XY,zt)+V,(X Y, z1), (5)

where the subscript O corresponds to the
base manoeuvring motion which is assumed to
be time-dependent but changing dowly: time
derivatives of any variables related to that motion
are neglected. The variables with the subscript 1
correspond to the wave-induced motion and their
derivatives are not neglectable. The velocity
potential can be represented smilarly i.e
@p=@+ ¢ where ¢ is the dowly-varying
potential associated with the base manoeuvring
motion and ¢ is the potentia originating from
theincident waves action.

Using the usua Bernoulli pressure equation
written in the semi-fixed axes O&nd and
applying the subdivision of the velocity and of
the potential into the dow and fast parts the



following representation of the pressure is
obtained:

P=Phst Pt Py TR P, (6)

where p,. = pg{is the hydrostatic pressure;
P, =pV, Mg 3 Al @)’is the usua quas-
seady contribution whose second term is
dropped in linear theories;
Py = oV, Mg B @ ?iSthequaSi'SeGdY'
unsteady interaction part;
p,=-p(0g/ot)+ pV, Mg is the usua firs-
order seakeeping contribution, and
P, =-3p(0@)* WV ¢ is the pressure
creating a part of the second-order seakeeping
force, while another second-order contribution
sems from the variability of the wetted hull
surface over which the tota pressure is
integrated.

As the total hydrodynamic force F and
moment M are linear functionals of the pressure
distribution, they can be decomposed similarly to
the pressure itself. The contribution of p, will
not be considered further as it relates to the
manoeuvring part of the forces accounted for
outside the potentia theory. Similarly, dropped is
the part associated with the interaction pressure
P, as this part is neglected in most seakeeping
theories and can only be important for fast
vessals. The part related to p, can be essentid in
manoeuvring problems but is currently dropped
for smplification purposes as it congtitutes just a
part of the second-order force.

The scalar product in the second term in the
equation for p, can represented as

o9 0g
Vo DD@: Vog a_f+ (Vo/7+ C(ro)ﬁ’ (7)
where V., arethe ship velocities' projectionsin
the semi-fixed axes.

Thefirst term is present in normal seakeeping
theories while the second term appears due to the
more genera character of the base motion. At
present, there are reasons to neglect it as its
contribution can only be expected to be

comparable to that by the first term at large local
drift angles which can only happen in the low-
speed manoeuvring when the term containing the
local derivative dg /ot will dominate anyway.
In addition, on a dender ship this contribution
will be mainly compensated by the term

N arus

As g=¢+ ¢+ ¢ the force can be
decomposed similarly and the radiation force is

g 0@
F =p|—=—/n.dS—- N, | —=n-dS, 8
iat F Of.i ag( F ()

where n. is the generdized projection of the
normal n.

Connection Between the Frequency Domain
and the Time Domain. Considered is the Fourier
image @(w) of the unsteady radiation potential
@(t) (@l the spatial arguments are dropped). Asa
radiation force component X, (t),i =1,...,6is
represented as

0 0
Xi= sz‘ (a —Voe a_gjﬁ nds, 9)

its Fourier imageis

X, (@) =iwdf gn s~ m[ends, (g

where the wetted surface S is supposed to be
invariant or depending on the time parametrically
so that this could be ignored in evauating the
Fourier transform.

Further, the Fourier transform of the radiation
potential is expressed through the radiation
functions éi ..... (Ag and the complex amplitudes
of the generdlized velocities Ul,...,L]G as
éz;wi’where U, =iwé, j =1,4,56,
U, =iwd, ~Vods, U, =ic, +V,,&; , and where

3 i arethedisplacements complex amplitudes.



Representation of the first-order force on a
dender ship. According to the strip method, the
radiation forces in the frequency domain are
represented as

X5 =~[ER(E)dE,
. (11)
X6 = [ER(£)dE,

wheretheintegrationinterval L' isthe part of the
ship’s length depending on the force component
and subcomponent in concern, and the transverse
loading is.

R = _iwi /:4(((5)04(5)
. (12)
Vo 2, 5zl (0], k=234

and where the sectional complex added masses
are defined as usua through the complex

potential  distribution and the sectiond
generaized velocities are:
~ ~ i~ Vo{ ~
U,(¢) =U, +éU, _EU67
(13)

e e Ny
0,() =U, -0, +-%0,, 0,¢) =U,.

Then, the final relations for the radiation
forces on a dender hull in the frequency domain
will be

~ 6 ~ ~ .
X (@)=Y AU (@, j=23....6, (14)
k=2
where the complex amplitude functions are:

A, = Wl WVoe i, k =2,3,4;

2

-~ . A el ~ Vo{ =
As = Tlalis Voelis =Noe s +E:uj3’ (15)
- VZE
A ~ ~ 0f &~
Aj6 =Wl +Vog,uj6 +2V05/’Ij2 _E/’IjZ’

Here, the ship complex added masses
i, (w)are obtained through  appropriate
weighted integration of the sectional complex
added masses f1,(&,w) over the entire ship
length L while the quantities 7z, (w)are
obtained smilarly but integrated are the
derivatives 0j,/0f dong the reduced
lengthL'.

These forces are transformed into the time
domain by using the method of auxiliary tate
variables described by Sutulo & Guedes Soares
(2005). The resulting modd is ill a set of
ordinary differentiad equations though of a much
higher order (over 200 in the present
implementation).

Hydrostatic and Froude—Krylov forces. These
forces can be easly computed with the only
assumption of the absence of the water surface’
deformation due to presence of the ship. In the
current implementation, also the longitudinal
curvature of the hull surface is neglected. Asthis
force must be estimated with account for the
actua wetted surface, the latter is found as the
intersection of the entire hull positioned with
actual instantaneous values of the heave, pitch
and roll with the instantaneous water surface
which is described as

ZW = —awei[6«“‘13(1)]e‘ik[fcos()(wo“//)’fﬂﬂn()(wo 't//)]’ (16)

where @ = —K(,COS X0 H7co SIN X,o) IS the
total wave phase and the real part is supposed to
be taken. The wave profile a any ship section
can be eadly determined and this defines
approximately the wetted surface a any given
instant. The hydrostatic and Froude—Krylov
forces X, + X, arethen computed asfollows:

i[ct+d(t)]

Kpge T Koy = _ng.ZdS -pga,e'
s

i - (17)
XJ.e i [4(005(Xw0“//)*f75'n(Xwo'f/’)]nk ds.
S

Diffraction forces. This part of the excitation
forcesis aso evaluated under the assumption that




the wetted surface doesn’'t participate in the
wave-induced motion dthough in the find
formulae this assumption can be lifted. Then, in
the frequency domain, the primary diffraction
force representation is quite similar to that for the
radiation potential.

After usng the second Green identity, the
boundary condition (ang,/an)z— m/an) on S
for the diffraction potentia, and the Tuck
transformation (Salvesen et a., 1970), the
following formulae for the Fourier images of the
diffraction forces on asender hull:

=[12OE +1PE,), =234
Xas = ‘f fyz ()¢ & —j fAEY &

—g( f(2)(<t ), (18)
Xoo=[ 1O+ 7€) o

+E 12,

where £, isthe last section correspondi ng to the
end of thelength L', f5) =icwfy , fd =V, fu,
and

o« - _paaweidne—ike’cos(,\/w—t//)
Jin, singr, ~g) ~inJe < g e, (19
C

where ¢ are the two-dimensiond radiation
functions for each contour C. As within the
linear theory a dowly varying base motion
parameters, the diffraction force will vary in time
amost harmonicaly i.e. with some dowly
varying encounter frequency w,, the time
domain representation of the diffraction forces
will be

Xqg () = Xdkelwe (20)

The ingtantaneous encounter frequency is
then estimated as

W, = w—K(Vpe COS X, +Vy, SINY,,). (21)

2.4 Still-Water Manoeuvring For ces

Any suitable dill-water  manoeuvring
mathematical model could be used as the base
model for describing the “manoeuvring”
contribution F_. In this particular study, the
well-known 4DOF model developed by Inoue et
al. (1981) was preferred but the implementation
of this mode in the wave manoeuvring code had
certain peculiarities.

Although the originad model is 4DOF, dl the
hydrodynamic forces depend aso on the ship’'s
draught and trim. These two parameters can be
assumed to be varying in course of the simulation
and this transforms the model into an effectively
6DOF one.

Although the experiment-based yawing
moment is dependent on the roll angle, this
dependence is only valid for the roll angles not
exceeding (or dightly exceeding) 10deg in
absolute vadue. As extenson of this range
requires additiona captive-mode tests, in this
implementation the regressons were simply
extrapolated as constant limiting values.

The angle of attack of the rudder is computed
with account for the wave-induced velocities.

3 NUMERICAL RESULTS

3.1 Ship Description

One of the well-known benchmark ships,
namely the container ship S-175 was chosen for
smulations. The ship’'s length between the
perpendiculars is 175m, breadth 25.4m, draught
9.5m, mass (as estimated) 24571.25 tonnes. The
centre of mass eevation KG=9.52m, the
edtimated transverse  metacentric  height
GM =1.02m, and the natural roll period is 18s.
The body plan of the ship as described in the
program’s input is shown on Figure 1, with all
the input vertices present. More details about the



vessd’s particulars can be found in (ITTC,
1983).

Figure 1 Ship body plan

The ship is directionally stable in still water
though the stability margin is rather low. All the
simulations were carried out with the approach
speed of 15 knots athough the design speed for
this ship is equa to 22kn. The roll damping
coefficient was assumed as recommended by
(ITTC, 1983). The smulated decay curve is
shown on Figure 2.

3.2 Results of Simulation

Sea Conditions. All smulations, except those
in still water, were performed on regular beam
seas (at least, at the approach phase) with the
steepness 1/80 and with three frequencies:
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Figure 2 Roll decay curve

0.35s* corresponding to the ship's natural
frequency inroll, 0.292s and 0.403s™.

Constrained Straight Runs. Strictly straight
runs were simulated to validate the code
against the results available for this ship.
Instead of using an autopilot, the ship was
artificially constrained in heading and in the
rate of yaw. Additional constraints were also
tried for all the degrees of freedom except for
the roll and surge but that did not change the
roll output substantially. Truncated time
histories for the three mentioned wave
frequencies are presented on Figures 3 through
5. Further simulations did not reveal changesin
the ship’s behaviour. A good or reasonable
agreement with the published amplitude data
was found for roll (demonstrated below) as
well as for other motions.

Free Straight Runs. Free runs with the rudder
fixed in neutral position were smulated as well.
In ill water such smulation do not lead to
interesting results as the ship keeps on the
straight path for long, and are mainly used for
checking purposes.

The dtuation changes dramaticaly in a
seaway as an uncontrolled ship in still water and
in absence of wind is never directionaly
asymptotically stable and can change her
heading. In most cases, these changes are
performed at arelatively low rate (except for the
case of broaching not considered here) but under
continuous action of the wave excitation forces
the resulting trgectory becomes substantialy
curvilinear and periodic with the lowest
harmonic’'s frequency much inferior to the
instantaneous wave encounter frequency.

The time histories for the resonance case and
the smulation time 50 minutes are presented on
Figures 6 and a stretched 200s interval of the
same process—on Figure 7. It is clearly seen that
the wave-induced oscillations are modulated with
a much lower frequency corresponding to the
ship’ s spontaneous course performing a sequence
of turns and a similar picture was observed with



the waves below and above resonance. However,
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Figure 4  Constrained straight run time

histories at = 0.292 Figure 7 Free straight run: time histories at
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In other words, the ship becomes in a certain
sense directionally asymptotically stable in the



average while this can never happen in still water
and in absence of wind. A somewhat smilar
result was obtained by Ananyev & Gorbachova
(1993) through analysis of stahility of the motion
described by a linear equation of yaw with
periodically varying coefficients. However, as
the mathematical models are very different, it till
cannot be stated with certainty that in the both
cases the same phenomenon was traced.
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Figure 9 Turning manoeuvre: time histories in
still water

Turning Manoeuvres. First, the turn with the
35 degrees helm was smulated in still water to
revea the roll triggered by the manoeuvre per se.
Time histories for severa kinematic parameters
are shown on Figure 9. As usual, after a small
yank inwards, the ship rolls outside the turn

reaching dynamicaly 4 degrees in this case but
the steady turn for this relatively stable ship and
low approach speed isless than two degrees.

Then, smulations of the same turn but on the
roll-resonant regular waves were performed with
different values of the manoeuvre delay time
which is the time interval between the beginning
of smulation and the start of the rudder's
deflection. The minimum dday time was
assumed to be 24s as judging from the straight
run smulations, the rolling is practicaly
developed by this time. Then the delay was
varied with the 4.5s increment which was one
quarter of theroll period.
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Figure 10 Turning manoeuvre: time histories
a w=0.35

Heave, m
——=—— Roll, deg
ve—T—"771 - Pitch, deg []
B ———— r1,degls
10
LA R AR g

i f

ERERISTRTusay
i

I

i
JgH

~ L 1
200

TSI RN T NI R N N
50 100 150 200

Figure 11 Turning manoeuvre: time histories at
@ = 0.35 (stretched).



Asthe largest observed absolute values of the
Instantaneous roll angle corresponded to the 33s
delay, all the displayed resultsrefer to this case.

The full time histories are shown on Figure
10 and their stretched cut-off—on Figure 11.
Qualitatively, the genera view of the time
histories did not differ too much from the free
straight runs case but the period is different and
they show more asymmetry with respect to the
zero-roll line. This is explained by tighter turns
with the rudder’ s assistance (Figure 12).
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Figure 12 Turning manoeuvre: trajectory at

w=0.35; ship images are only shown for the

initial and final phases of the ssmulation
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3.3 Discussion of Results

As one of the main objectives of the present
study was to check whether manoeuvring in
waves is indeed a more dangerous regime than
the straight run in beam seas, various numerica
measures of the roll were extracted from the
smulation outputs. These values are given in
Table 1 together with the values of the rall
amplitude obtained by different towing tanks and
published by ITTC (1983).

The vaues of the amplitudes obtained with
the present code in the congtrained-run
simulations agree well with the values obtained
by other programs in the same conditions and this
indicates credibility of further results referring to
lesstypica situations.

It is seen from the table data that both the
amplitudes and the maximum values are smaller
in free straight runs than in the constrained runs
representing the canonical seakeeping Situation.
This is likely due to a relatively short period of
time when the ship is exposed to the least
favourable conditions. the beam sea and the
resonance (or close to resonance) effective
encounter frequency. However, in 35deg turns
the situation was different: the maximum reached
roll angles and even amplitudes were higher than
in the strictly straight run. This result, however,
was not unexpected and is explained by the
combined action of the seakeeping and
manoeuvring moments.

Table 1: Numerical Measures of Roll

Wave frequency, rad/s
Measure | Conditions 029 | 035 2.40
constrained | g 25 |55 | 50
, straight run
(Maxi- f
mum) ree 6.5
Roll straight run )
. 45— 10.8- | 3.4-
Qmplltud ITTC data 6.3 146 |61
35deg helm 141
turn
Maximu constra ned 6.0 155 |44
m straight run
Reached | free 85
Values straight run '
of Roll 35deg helm
Angle turn 17.2

These results are considered as primary and
still no search was made for the situation when
the synergetic effect will be more pronounced.
For instance, increase of the approach speed and
reduction of the metacentric height will by al
means lead to a much stronger effect of the
tuning motion in rolling assessments. Using a
turning manoeuvre instead of the straight run
could have another advantage: this manoeuvre
can be effectively executed without any artificial
constraints, on the one hand but also without any
automatic controller in the loop whose
parameters can influence the resulting estimates.




4. CONCLUSIONS

Primary smulations of the roll motion of a
displacement ship have been carried out with a
manoeuvring-and-seakeeping  code  newly
developed by the authors. Although these results
are primary and the chosen simulation conditions
were not the most characteristics in al the
respects, certain conclusons can aready be
drawn. These are:

The roll motion in a turning manoeuvre in
regular waves is modulated by some low
frequency corresponding to the completion of the
ship’sfull turn.

Qudlitatively, the same behaviour is observed
in the so-caled free straight runs in waves i.e.
when the rudder is fixed in the neutral position:
the ship is in fact turning with some low rate
approximately in the direction of the propagation
of the waves.

The roll amplitudes did not differ much for all
the three studied manoeuvres (constrained
graight run, free draight run, turning
manoeuvre).

Due to some roll asymmetry caused partly by
the nonlinearity of the used model, and partly by
the manoeuvring-originated forces, the attained
absolute values of the roll angle are greater then
the amplitude values.

The largest instantaneous absolute values of
the roll were observed in the initia phase of the
turning manoeuvre due to a synergy of the wave
action and of roll moment due to manoeuvring.

Tight turns have certain advantages over the
straight free runs as reference motion for the roll
analysis with time-domain mathematical models.
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