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ABSTRACT

Present research activity examines numerically the occur-
rence of parametric roll on a fishing vessel interacting with-
ular head-sea waves. The adopted solver is an efficient 3-D nu
merical Domain-Decomposition strategy for the seakeepirg
6-dof vessel without and with small forward speed and pbssib
subjected to bottom-slamming and water-on-deck eventse, He
the vessel has been assumed at rest and the excitation fregue
is varied in the first parametric resonance zone and occueen
and features of the instability are examined in terms of imenl
earities of the incident waves and roll natural-to-incidevave
frequency ratio. The analysis is performed both fully witthie
potential-flow theory and examining the effect on the patame
resonance of the viscous correction to the roll damping inletz
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INTRODUCTION

Parametric roll involves resonant roll motion with instéi
behavior which may result in significant amplification of tiod
motion (seee.qg.[1]). The occurrence is connected with the time
variation of the stability properties of the vessel due targfes in
the restoring moment, and so of the transverse metacepighth
GM, caused by high enough heave and pitch motions, as well as
interaction with incident waves. The phenomenon is sugplort
by large vertical ship motions, incident waves sufficieafigned
with the vessel longitudinal axis and not changing muchrireti
in terms of period and amplitude. Another important factor i
the roll damping, the lower it is the higher the possibiliyhave
parametric roll will be. Finally there are ratios betweea thbll
natural frequency and the excitation frequency, eay/ ws, for
which the instability occurs more easily. Considering anawn
pled Mathieu-type instability analysis for the roll motjothis
gives wun/we = 0.5,1, 1.5, and so on, as more dangerous fre-

from free-decay 3D model tests on the same ship. A system ofgquency ratios. This phenomenon is important for large \Igsse

four cables, horizontal in the mean configuration, will beedis
experimentally to limit the horizontal vessel motions. éitre
numerical solver is used to analyze the influence of cabie sti

ness and of cable configuration on the vessel behavior and to

like container ships, as well as for small fishing vesselsthin
former case the main issue is damage and loss of containgrs an
cargo, while in the latter case the risk of capsizing is caiti

Here the case of a fishing vessel is analyzed numerically

help the design of the physical set up. The vessel has detip dra to identify the relevant physical and geometrical paranseite

and high mean freeboard, these aspects work against the-occu

volved and also to help the design of 3D model tests to analyze

rence of bottom slamming and water-on-deck events. Without the phenomenon for a vessel free to oscillate in heave, pitdh
forward speed, no bottom slamming phenomena were observedroll, and able to oscillate also in other degrees of freedey,

while limited number of water-on-deck events with small amto
of shipped liquid was recorded for the highest-frequencidient
waves with largest steepnesses, among those causing gamame
roll.

in surge, through the use of a cable system. Since almost regu
lar incident waves propagating along the ship longitudanas

are more of concern, the case of head-sea regular waveess inv
tigated. In the next section the used numerical solver efligri
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described, then the experimental set-up is outlined andya-ph
ical investigation is carried out. In the last section maisults
are summarized and next research steps are indicated.

THE NUMERICAL SOLVER

The problem of a rigid fishing vessel able to oscillate in its
six degrees of freedom and to move forward with small speed
in waves is solved using an efficient and accurate 3-D Domain-
Decomposition (DD) strategy. The solver couples a 3D sgakee
ing potential-flow solver, with a bottom-slamming and a wate
on-deck modeling. The bottom slamming is handled through
a local Wagner-type [2] solution and using an improved occur
rence criterion which combines the Ochi’s velocity criverivith
a pressure condition, [3]. The water shipping is solved magsg
that only dam-breaking type of water on deck can occur. This
is not a stringent condition because the most common water-o
deck scenario starts locally as a plunging wave hitting ttip s
deck near the front bow and has globally the features of a dam-
breaking type event (sexg.[4]). This means that the evolution
of the shipped water can be studied within the shallow-wagper
proximation. The problem is solved on a Cartesian grid fixed t
the deck, using a splitting method to transform a 2D problem i
the deck plane into a sequence of 1D coupled problems aleng th
main axes of the computational grid. The problem equatioas a
solved using an exact Riemann solver for the variables flards
stepping forward in time with a first order scheme. The bounda
conditions along the deck and possibles superstructuessrar
forced using the level-set technique in [5]. The global wakig
interaction solver assumes that incident waves and bodipntot
are large relative to the scattering and radiation effautls® ap-
plies the weak-scatterer hypothesis (see e.g. [6]). Thansthe
results are theoretically valid for wavelength-to-shipdth ratio
sufficiently large. Within this solution strategy, the innpee-
ability body-boundary condition is satisfied averagelynglthe
instantaneous wetted hull surface defined by the incidenesva
and the body motions. This leads to a correction of the stagte
and radiation loads obtained from linear theory. Furthen|in-
earities are retained up to the second order for Froudeskahd
hydrostatic loads. Because the problem involves nonlitoeats

(éa,&5,&6) and the upper dots indicate timg (erivatives per-
formed along the instantaneous body akesyithout accounting
for the axes rotation. In equation (1), the cross productg
six-component vector whose first three components areredgtai
by the cross-product @ with the first three components bfé
and the remaining ones by the cross-produ&? efith the second
three components dfié. Further,A is the infinite-frequency
added-mass matrix ardis the retardation function matrix. This
equation system should be valid formally for linear probdam
time domain but corrections due to nonlinear loads are deziu

in the Froude-Krylov and hydrostatic loads, respectivElyin
andF pnin, and in the slamming and water-on-deck loads, respec-
tively, Fgam andF g4, When such phenomena occur. A correc-
tion is also present in the added-mass and convolutiogriake
terms of equation (1). Indeed, within linear thegByis equal to

& while here it is in general different and estimated in tinair
the body-boundary condition

Vn(X,t) = (Vship - Vwave) -n, (2)

with V,, the normal velocity at the wetted hullgnip the body ve-
locity, Vwave the incoming-wave velocity, amthe body normal
vector. This implies that radiation and scattering phenuarege
considered togethen, is expressed in terms & prescribed
basis functiong/s;,

Vn(th): :ﬂ i(t)‘I’i(X)» 3)

with B thei-th component of3 and condition (2) is enforced
through a Minimum Least-Square approach along the wettikd hu
defined by the incident waves and body motions. This provides
the equations to fin@(t). The equations of motions are solved in
time using a fourth-order Runge-Kutta scheme. When evolving
from timet to t + At the water-on-deck and slamming loads, as
well as the convolution integral terms, are estimatedand re-
tained constant during the interva, while the remaining loads
are estimated at any time instant required by the schemealDve
the solver is very efficient and can provide a time evolutibn o

and anyway the transient phase must be investigated totdetec 400 periods in at most few hours on a modern pc. The most time

parametric roll excitation, the equations of motions atgesbin
time domain using the approach in [7]. The rigid-body motion
equations are written along a body-fixed coordinate systém w
origin in the center of gravity and read

ME + Qx ME +AuB + [SK(t—1)B(T)dT
FOnIin + thlin + Fwod"‘ Fslam-

@

Here,M is the ship generalized mass matx= (&1, .., &) are
the six rigid degrees of freedor®, is the angular velocity vector

2

consuming element is represented by the water-on-decki@olu
this could be overcome in the future by parallelizing thistpa
The solver is described in detail in [3] and its different ess
have been verified and/or validatedeing.[3], [8] and [9]. In par-
ticular, the parametric-roll predictions, without and hvitater-
on-deck events, proved to be consistent with measurements i
the case of a FPSO interacting with regular waves.

One must note that this compound solver estimates only the
wave-radiation potential-flow roll damping. Viscous dampi
corrections can be modelled introducing empirical coedfits
in the equation of motion.
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TABLE 1. MAIN INFORMATION OF THE FISHING VESSEL AT

MODEL SCALE.
Length () 2.95m
Breadth B) 0.95m
Draft (D) 0.4m
Displacement 0.622 ton
Pitch Gyration radius 0.28L
Roll Gyration radius 0.38B
Metacentric heightGM) | 0.082 m

THE BASIC EXPERIMENTAL SET-UP

An experimental campaign on the parametric roll for a fish-
ing vessel will be carried out at the CNR-INSEAN basin no.2,
whose dimensions are: length x width x dept220 x 9 x 36
m. The main dimensions of the ship are given in table 1 and its
3D view is provided in the left of figure 1. This corresponds to
a factor scale of 1:10. The model will be studied with a set of
four cables arranged symmetrically with respect to the itoidg
nal ship axis (V-shaped configuration) as sketched in tte afy
figure 1. The cables will be not pre-tensioned; the effectpiea
tension on the stiffness provided to the different motiorighn
be relevant and will be examined in the future. As basic ahoic

Carriage frame

[l 1

(uouranSifuoa-y) sapgno 2uspiy

Elastic cables (V-configuration)

AN

I 1

FIGURE 1. LEFT: 3D VIEW OF THE SHIP MODEL. RIGHT:
SKETCH OF THE EXPERIMENTAL SET-UP TO BE USED IN
PARAMETRIC-ROLL STUDIES.

the forward and aft cables are long, respectively; = 0.476
andLgca = 0.433, with L the ship length. The cable stiffnesses
are given byKcapie = AE/Loc With AE ~ 39261Nm the product
between the sectional area and the Young modulus of thescable
With the aim to investigate the influence of the cables on the o

3

currence of the parametric roll, the set-up is studied nicaky
in the present work.

At the moment, an intense experimental campaign in calm
water has been performed to study the roll decay and the in-
fluence of the several appendages (bilge keels, skeg, pgpel
rudder) that will be used in the final configuration for theuheat
experiments in waves. Here, the free-decay tests in bafte hul
condition are used. To limit wall effects on the roll damping
dampers were introduced at the side walls of the model basin.
Figure 2 shows the roll time history for the free decay tegeab
forward speed and indicates a natural pefigg~ 2.74 s; this is
quite close to the roll natural period obtained from the nricaé
method,T4, ~ 2.70 s. One must note that this is the calm-water
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FIGURE 2. FREE DECAY IN ROLL FROM EXPERIMENTS AND
NUMERICALLY USING LINEAR OR QUADRATIC DAMPING
IDENTIFIED FROM THE MODEL TESTS.

1-dof roll natural period. In general, changes can be cabged
the coupling with other ship degrees of freedom, as well as by
incident waves that can modify the roll restoring moment- As
suming a 1-dof roll motion equation of the form

&4+ Préa+ P2&aléal + pas&a=0 4)

with p1 = Baa1/(laa+ Aaa), P2 = Baa2/(laa+ Asa) and p3 =
Cuaa/(la4+ Asa) and following the procedure in [10], the linear
and quadratic approximations of the experimental roll diagnp
have been obtained and are reported in table 2. Their cerrect
ness is verified by solving numerically equation (4) withtiadi
roll amplitude from the model tests and comparing against th
experimental decay (see figure 2). From the results, thergtiad
damping follows slightly better the physical behavior vehihe
linear damping underpredicts the roll decay at large rolpkm
tudes.

These coefficients will be introduced in the numerical solve
to check the importance of viscous damping for the parametri
roll.
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TABLE 2. LINEAR AND QUADRATIC DAMPING FROM FREE-
DECAY TESTS IN ROLL.

Linear damp. Quadratic damp.
P1 P1 P2
0.03575 -0.0006 +0.0734

PHYSICAL INVESTIGATION

The incident-wave frequency was varied in the zone of the
first fundamental resonance and the parametric roll was exam
ined by varying the steepneks between 0.1 and 0.25 and per-
forming simulations long 40D, with T the examined incident-
wave period.

No viscous damping correction and no cables As first step,
the vessel was studied at rest without viscous damping attd wi
out cables, so it was assumed free to oscillate in heavd, itd
roll, while interacting with head-sea regular waves. Tabkx-
amines the numerical occurrence of parametric roll in teois
incident-wave steepne&# and of the calm-water 1-dof roll nat-
ural frequency-to-incident wave frequency,/w. Herecwsy is

TABLE 3. NUMERICAL OCCURRENCE OF PARAMETRIC-
ROLL RESONANCE.
Wan/ W

kA [ 046 047 048 049 050 051

010 NO | NO | NO | YES | YES | NO

0.15| NO | NO | YES | YES | YES | NO

020 | NO | YES| YES | YES | YES | NO

025 NO | YES| YES| YES | NO | NO

taken as a reference since for the multi-dof ship the rollirzt
period is in general different than for a 1-dof system. Fréwn t
results, nonlinearities are able to maintain or to bringrtiiein
the instability region forun/w, lower than 0.5; aton/w = 0.5
we have the opposite trend and at higher valuesogf/ w no
parametric roll is recorded. To examine this, let us takelthe
dof Mathieu-type stability analysis from which instahyjliiccurs
more easily for frequency ratio equal to or near 0.5. Witls thi
in mind, the results can be explained by the fact that theinmonl
earities tend to increase the roll natural frequency. Sayif w

is smaller than 0.5, the actual frequency ratio will be iased
toward 0.5 and this might bring into the instability area hg t
nonlinearities. Ifeun/w is equal or larger than 0.5, the actual
frequency ratio will be increased to larger values and thghin
bring outside the instability area. As a confirmation of s
each of the cases with instability occurrence, in steadteston-
ditions the roll oscillates with a frequency equal to twibe &x-

citation frequencyi.e. the roll frequency is higher than the calm-
water 1-dof natural frequenayy.

The case withws,/w = 0.49 is associated with instability at
all examinedA, so it is used next for further investigation of the
phenomenon. In particular, figure 3 gives the time historghef
roll for the different steepnesses and highlights that hdrigA
leads to an earlier excitation of the instability, a shottansient
phase and a lower steady-state roll amplitude. The reassns b

&) - o
20f E—— ; i

el
i
it
it Hy‘yﬂ

LR
AN
it ‘»“x“t'x

i
-20 0

20K o
YT sss—385ato

-40g 100 200 300 UT 400
FIGURE 3. TIME HISTORY OF ROLL FORw4n/w: 0.49, WITH-
OUT DAMPING CORRECTION AND NO CABLES.

hind these features and the possible causes of paraméiteg+o
citation are investigated in figure 4 usikg§ = 0.1 and 0.25. On
the top, the time interval during the transient developnoénol|
instability is shown for the two cases. The incident-wavevai
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FIGURE 4. TRANSIENT AND STEADY-STATE PHASES DUR-
ING PARAMETRIC ROLL FOR THE CASE WITHwyn/w = 0.49

AND WITH ka= 0.1 (LEFT) AND kA= 0.25 (RIGHT), WITHOUT
DAMPING CORRECTION AND NO CABLES.
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3 395 T 400 390 395

S

tion n at the vessel center and the transverse metacentric height
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GM are also given to help the discussion. H&#®l is roughly
obtained as—Fannin/(pg0&s), with p the water densityg the
gravity acceleration and the ship displacement. The jumps ob-
served in the figure are due to singularities §@r= 0, they have
been reduced setting a threshold ligyjt= 1° below whichGM is
set equal to the calm-water metacentric hel@hp. Let us focus
on the time interval bounded by the dotted boxKér= 0.1, the
incident-wave frequency is twice the roll natural frequeaad
the phasing betweemn and the roll is so that a wave crest occurs
mid-ship whené, is increasing. This means a reduction in time
of the ship stability (and so d&M relative toGMg) and the roll
can reach larger amplitude than in the previous cycle. Thewa
trough occurs mid-ship when the roll is decreasing, thisesak
faster the decrease of the motion and the later occurrenee of
new wave crest supports again a roll rise in the oppositesitigp
(negative roll). This phenomenon is similar for the tlwdcases
but the steeper waves lead to a lar@M variation relative to
the calm-water value, in particular to larger periodic retéhns,
and this allows a much faster rise of the roll amplitude. lis th
example, within a time interval of 2, the case wittkA= 0.1
leads to an increase in the roll amplituélg less than 3 degrees

L J . J
390 395 T 400 390 395 T 400

FIGURE 5. TRANSIENT AND STEADY-STATE PHASES DUR-
ING PARAMETRIC ROLL FOR THE CASE WITHwgn/w = 0.49

AND WITH ka= 0.1 (TOP) ANDkA=0.25 (BOTTOM), WITHOUT

DAMPING CORRECTION AND NO CABLES.

while kA= 0.25 is associated with an increase more than twice
this value. Bottom plots of the figure consider the same cases

but when steady-state conditions are reached. The refatase

creases in magnitude. This leads the steady-state camaliiio

betweerf“_ andr’ is the same as in the transient phase discussed be reached earlier and so with lower roll amplitude. One must

above whileGM is changed. In particula&M is almost in phase
with the incident-wave elevation mid-ship and this enaldagy
state conditions. Indeed, when a wave crest occurs whicldwvou
tend to reduce the waterplane area and so the stability,Given
has also a large value, probably due to coupling of roll withve
and pitch motions, and this works against the increase afdhe
amplitude in time. From the resulisA = 0.1 is associated with
larger steady-state amplitude of roll.

note that also heave and pitch are affected by the occur@nce
parametric roll, they increase in amplitude and their medues

are shifted when the roll amplitude is sufficiently larger(qare

top and bottom plots). In particular the instability tendsise

the hull and to pitch her more bow down. This is reasonable be-
cause large roll will increase the displaced volume mostlhe

aft part of the ship (much wider than the bow part) so we can ex-
pect a buoyancy related to it pushing the bow down and the hull

The possible reason why the higher the steepness the lowerup-

the steady-state wave amplitude could be found in the cogipli
with heave and pitch. This is investigated in figure 5 for thee
cases. For the lower steepness (left plots), during theigah
phase (top plot), the roll extremes (maxima and minima) pccu
at the maximum pitch (positive with bow downward) and at the

What discussed above is somehow summarized in figure 6 in
terms of the righting arnsZ and the roll velocity as a function of
the roll motion during the vessel evolution. From the resute
case with highekA leads to a larger variation of theZ slope
(see enlarged view in the left plot), which is the sameGa4

minimum heave (positive upward). This means that when the for small {4, and to a quicker rise of the roll velocity in time

roll increases in magnitude (at any vessel side) the shiftesl |

(see right plot). However the steady state roll amplitudedse

up and pitches bow down. This supports the roll increase. As limited as indicated by the arrows giving the radii of the @sn

the roll amplitude increases, the nonlinear effects cotubwith
the large motions slightly modify the roll oscillation pedi and
cause an increasing phase shift betw&geand the other degrees
of freedom during the transient. This leads to a final stestdie
phase link (bottom plot) where when the roll increases in+nag

with largest concentration of curves in thé, &4) plane for each
case. In bottkA cases thé&sZ curve is increasing with the roll
which suggests that there is not danger for vessel capsizing
these conditions.

The effects okAare globally the same for all incident-wave

nitude the heave and pitch are almost zero so that there is nofrequencies. This is summarized by figure 7 in terms of the tim

support to increase the roll amplitude in time from the heave
pitch motions. For the larger steepness (right plots), the- n
linearities become important earlier in time therefor@afsthe
transient phase heave and pitch are almost zero when thiga-roll

5

required to reach the first peak in the roll envelopgy corre-
sponding to the largest roll value, and in terms of the stesddie
roll amplitude, £45. An exception for the time trend is repre-
sented by the case withy,/w = 0.5 andkA = 0.20. tmax SEEMS
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FIGURE 7. TIME REQUIRED TO REACH THE FIRST ROLL
PEAK (TOP) AND STEADY-STATE ROLL AMPLITUDE AS FUNC-
TIONS OFKA AND INCIDENT WAVE-TO-NATURAL ROLL FRE-

QUENCY RATIO, WITHOUT DAMPING CORRECTION AND NO

CABLEStr’;aX: tmax\/ g/L

to be more affected bkA than bywasn/w while the opposite is
documented by the steady-state amplitude which incredses a
most linearly asun/w decreases.

tions document no bottom slamming and limited number of wa-
ter shipping forwy,/w = 0.47 with kA= 0.20 andkA = 0.25.
The events occurred when the roll reached the largest vaiue d
ing the transient (the first peak discussed above) and were as
ciated with very small amount of shipped liquid which was not
relevant for the vessel behavior at sea.

With viscous damping correction and no cables The viscous
damping corrections obtained from the experiments were-int
duced in the potential-flow solver to check the effects inrtiie
instability occurrence and features. The damping did nahge
the occurrence of the phenomenon but affected transiersepha
and steady-state conditions depending on the choice betinee
ear and quadratic damping corrections. This is discusség-in
ure 8 for the case withu,/w = 0.49 andkA= 0.1 as an example.
From the results, the quadratic damping practically dog¢sfio

 —— Nodamping
[ ---- linear damp.
20 | - quadratic damp.

300 uT
FIGURE 8. TIME HISTORY OF ROLL FORwy,/w = 0.49 AND
kA= 0.1. NO CABLES.

fect the duration of the transient phase while the linearglam
causes a delay of the steady-state conditions of severdeinte
wave periods. This could be due to the fact that the liner diagnp
is more effective than the quadratic damping (whose linear c
tribution is almost zero, see table 2) at lower roll amplésidAs
expected, the steady-state amplitudes with viscous dayqoin
rection are slightly lower than without and the quadratimgang
appears slightly more effective than the linear correctidhis

is reasonable because the quadratic damping has a ternrpropo
tional to the square of the roll velocity, and so to the squdre
the roll amplitude. Another difference between the two dienxgp
corrections in terms of effectiveness comes from the railina
ral frequency. The largesy, the more effective the quadratic
damping correction is expected to be. The effects of linedr a
quadratic viscous damping corrections for all cases witlapa
metric roll are examined in figures 9 and 10, respectively. In
figure 9 the results for case wittun/w = 0.5 andkA = 0.20

are not reported, though there is parametric roll. This tahee

Because of the deep draft and of the high mean freeboard the linear damping has made so slow the instability prodess t

the vessel is not sensitive to bottom-slamming and watedeark
phenomena, at least without forward speed. Present igeesti

6

steady-state conditions are not reached within ar4@@lution.
From the results the influence kf and wsn / w remains qualita-
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tively the same with the viscous damping. The linear damjfsing
more effective at lower excitation frequencies, highercwun/ w,

in enlargindtmax While the quadratic term in general does not af-
fect much the transient duration. Both damping correctiens

to slightly reduce the steady-state roll amplitude, escat
the lowestkA.

[x10?

8t "\
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0 0.1 0.15 0.2

KA 025
FIGURE 9. TIME REQUIRED TO REACH THE FIRST ROLL
PEAK (TOP) AND STEADY-STATE ROLL AMPLITUDE AS FUNC-
TIONS OFKA AND INCIDENT WAVE-TO-NATURAL ROLL FRE-
QUENCY RATIO, WITH LINEAR VISCOUS DAMPING CORREC-

TION AND NO CABLES. t},a = tmax\/0/L.

With surge due to cables The effect of cables was examined
by allowing also surge motion of the vessel, while yaw andyswa
are restrained. The yaw influence can be large and will be in-
vestigated in detail as a next step. For simplicity the swsayoit

L x102
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&L
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FIGURE 10. TIME REQUIRED TO REACH THE FIRST ROLL
PEAK (TOP) AND STEADY-STATE ROLL AMPLITUDE AS FUNC-
TIONS OFkA AND INCIDENT WAVE-TO-NATURAL ROLL FRE-
QUENCY RATIO, WITH QUADRATIC VISCOUS DAMPING COR-
RECTION AND NO CABLES 14 = tmax\/9/L.

cable is in tension. If the system remains symmetric abaait th
longitudinal axis, the cable force system will not give aatetal
component. When roll is excited, the cables will result ircés
in all three directions affecting the translational mosiptheir
torques will influence the rotational motions.

The stiffness of the cables leads to a surge natural period
Tin ~ 7.71s which is about three times the roll natural period.
Due to the head-sea conditions, usually the surge motion has
also a drift toward the ship stern and the amount dependseon th
stiffness of the cables, the higher the stiffness the lovedrift
is. The presence of the surge does not modify the occurrence
plane of the roll instability and affects in a limited way tfea-
tures of the parametric roll, as documented by figure 11. The

examined but it can also matter and should be considered for asurge affects mostly the cases with higher steepnesseadseca

more realistic scenario in the future.

in those cases the surge motion has larger oscillation tudpk

The physical cables have been modelled in the solver assum-and can affect more the other motions and so the roll. In tefms

ing fixed the four nodes farthest from the vessel and free teemo
rigidly with the vessel the remaining two nodes. The loadimgc
on the vessel due to the cables were modelled as restoricesfor
applied at the free nodes and directed along each cable \Wwhen t

7

steady-state amplitude, the effect is practically neglegiwhile

the surge can both delay and accelerate the instabilitys dé
pends on the phasing between the different loads on thelvesse
For instance, if the surge motion is large then the centehef t
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ship will experience rather different Froude-Krylov loadigr- bles has been included and estimated experimentally usigg s
ther the occurrence in time of a wave crest or trough mid-ship free-decay tests, similarly as done for the roll. If the eadtiff-
will be also affected. One must remember that it is important

o I'| -—-——-- Nosurge

10 ; || ——— With surge, without damp.
l x102 QN | P— With surge, linear damp.

i With surge, quadratic damp.

max |
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| R R RS S S ST} 360 380 +HT 400
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—— - With linear damp.
w, /W &AL With quadratic damp
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FIGURE 11. TIME REQUIRED TO REACH THE FIRST ROLL FIGURE 12. TIME HISTORY OF ROLL (TOP) AND SURGE
PEAK (TOP) AND STEADY-STATE ROLL AMPLITUDE AS FUNC- (BOTTOM) FOR THE CASE WITHosn/w = 0.47 AND kA= 0.25.

TIONS OFKA AND INCIDENT WAVE-TO-NATURAL ROLL FRE-

QUENCY RATIO, WITHOUT DAMPING CORRECTION AND

WITH SURGE DUE TO CABLES;: 2 = tmax\/9/L. ness is halved the roll behavior becomes less regular arte qui
affected by the surge motion because of the much larger surge
oscillation amplitude (see figure 13).

have a stiffness sufficiently small so to have a fictitiougeurat- Another important issue is the sensitivity of the paranaetri

ural period that does not change the physical problem exainin  roll to the cable configuration. This is examined in table 4 in

On the other hand the stiffness can not be too small. With the terms oftyax and steady-state roll amplitudg, using again the

basic stiffness considered, the case with highest incident casews,/w = 0.49 with kA= 0.1 and 0.25 as an example. No

frequency documented an envelope in the roll motion comaect viscous damping correction is considered. The verticaitioos

with the surge natural period. This is shown in figure 12 for of the cable nodes has been shifted from 0 to z = +zg, with

kA= 0.25. The roll motion (top plot) without viscous damping zs the coordinate of the center of gravity and the fixed nodes

clearly shows this envelope connected with the surge rigiara have been moved apart or toward the vessel along the lomgitud

riod (bottom plot). Probably this is because the incideatsv nal axis of a quantityAx = +0.1Lq., with Lo; the basic length

period is much different from the surge natural period arel th of the examined cable. The first variation is relevant forrtte

surge oscillations are large enough to modify extreme watife ments induced by the cables, while the second one correspond

hydrostatic and Froude-Krylov roll moments. Using lineada to a change in the cable length and so in the cable stiffndss. T

quadratic viscous damping, the envelope disappears asipe s longer the cable the lower its stiffness is. From the resthtsse

oscillations around the mean drift become very limited. éder variations do not cause any relevant change in terms of para-

also the viscous damping in surge due to the presence of the ca metric roll, so the sensitivity to the cable set-up does pqear

8 Copyright © 2013 by ASME
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TABLE 4. EFFECTS OF CABLE CONFIGURATION ON\ =
tmax,/g/L AND ON THE STEADY-STATE £4, (IN DEGREES) FOR
CASE win/w = 0.49 WITHKA= 0.1 (=1) AND KA= 0.25 (=2).

zMAX=0 2z=-zg z=+42zz OAXx=-01lgc Ax=+0.1lgc
Lithax | 173.45 170.38 173.46 173.44 173.45
2: thax 84.10 85.63 85.63 84.09 85.63
1: &4a 22.39 22.39 22.30 22.43 22.40
2: ¢ 17.20 17.20 17.10 17.28 17.14
high.

SUMMARY AND FUTURE STEPS

The occurrence and features of parametric roll were exam-
ined for a small fishing vessel at rest in regular head-sedi€con
tions. The effects of the incident-wave frequency and stesgp,
of the viscous damping and of the cable stiffness and corafigur
tion to be used experimentally for a physical study of thebpro
lem, were examined. Globally, the highekthe faster the insta-
bility occurrence and the smaller the steady-state rolllaute

are. The latter is more sensitive ¢m,/w and increases almost
linearly as this ratio decreases. Higher incident-wavdinear-
ities help triggering parametric roll faos/w < 0.5 while they
avoid the instability forcun/w = 0.5. A linear viscous damp-
ing delays much the parametric-roll occurrence while a cptad
damping does not affect the transient. One should consider a
equivalent linear viscous damping instead of the lineargam
defined here to check the sensitivitytgfixto this parameter. The
steady-state roll amplitude is slightly reduced by the diagp
The surge due to the cables does not affect much the parametri
roll features for the chosen cable stiffness. The lattenismgoor-
tant parameter and should be properly tuned to avoid a bahavi
of the vessel different than in open sea when using model.test
The next step will be to examine the yaw motion which
could lead to an additional instability phenomenon wherpbes
with roll, depending on the cable features. We will then exam
ine the effect of small forward speed for the parametric. rizll
this case we can have both a direct and an indirect influemce. |
fact, the forward speed causes among the others a diffexeint e
tation frequency experienced by the vessel and so it leaaldife
ferent frequency range where the parametric roll is expedd.
Moreover, it can cause more easily water on deck depending on
the vessel conditions. Sufficiently heavy water shippingy lafa
fect and be affected by parametric roll, as examined foamst
in [9].
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