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ABSTRACT

Present research activity examines numerically the occur-
rence of parametric roll on a fishing vessel interacting withreg-
ular head-sea waves. The adopted solver is an efficient 3-D nu-
merical Domain-Decomposition strategy for the seakeepingof a
6-dof vessel without and with small forward speed and possibly
subjected to bottom-slamming and water-on-deck events. Here,
the vessel has been assumed at rest and the excitation frequency
is varied in the first parametric resonance zone and occurrence
and features of the instability are examined in terms of nonlin-
earities of the incident waves and roll natural-to-incident wave
frequency ratio. The analysis is performed both fully within the
potential-flow theory and examining the effect on the parametric
resonance of the viscous correction to the roll damping obtained
from free-decay 3D model tests on the same ship. A system of
four cables, horizontal in the mean configuration, will be used
experimentally to limit the horizontal vessel motions. Here the
numerical solver is used to analyze the influence of cable stiff-
ness and of cable configuration on the vessel behavior and to
help the design of the physical set up. The vessel has deep draft
and high mean freeboard, these aspects work against the occur-
rence of bottom slamming and water-on-deck events. Without
forward speed, no bottom slamming phenomena were observed
while limited number of water-on-deck events with small amount
of shipped liquid was recorded for the highest-frequency incident
waves with largest steepnesses, among those causing parametric
roll.

INTRODUCTION
Parametric roll involves resonant roll motion with instability

behavior which may result in significant amplification of theroll
motion (seee.g.[1]). The occurrence is connected with the time
variation of the stability properties of the vessel due to changes in
the restoring moment, and so of the transverse metacentric height
GM, caused by high enough heave and pitch motions, as well as
interaction with incident waves. The phenomenon is supported
by large vertical ship motions, incident waves sufficientlyaligned
with the vessel longitudinal axis and not changing much in time
in terms of period and amplitude. Another important factor is
the roll damping, the lower it is the higher the possibility to have
parametric roll will be. Finally there are ratios between the roll
natural frequency and the excitation frequency, sayω4n/ωe, for
which the instability occurs more easily. Considering an uncou-
pled Mathieu-type instability analysis for the roll motion, this
gives ω4n/ωe = 0.5,1, 1.5, and so on, as more dangerous fre-
quency ratios. This phenomenon is important for large vessels
like container ships, as well as for small fishing vessels. Inthe
former case the main issue is damage and loss of containers and
cargo, while in the latter case the risk of capsizing is critical.

Here the case of a fishing vessel is analyzed numerically
to identify the relevant physical and geometrical parameters in-
volved and also to help the design of 3D model tests to analyze
the phenomenon for a vessel free to oscillate in heave, pitchand
roll, and able to oscillate also in other degrees of freedom,e.g.
in surge, through the use of a cable system. Since almost regu-
lar incident waves propagating along the ship longitudinalaxis
are more of concern, the case of head-sea regular waves is inves-
tigated. In the next section the used numerical solver is briefly
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described, then the experimental set-up is outlined and a phys-
ical investigation is carried out. In the last section main results
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 seakeep-
ing potential-flow solver, with a bottom-slamming and a water-
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 criterion with
a pressure condition, [3]. The water shipping is solved assuming
that only dam-breaking type of water on deck can occur. This
is not a stringent condition because the most common water-on-
deck scenario starts locally as a plunging wave hitting the ship
deck near the front bow and has globally the features of a dam-
breaking type event (seee.g.[4]). This means that the evolution
of the shipped water can be studied within the shallow-waterap-
proximation. The problem is solved on a Cartesian grid fixed to
the deck, using a splitting method to transform a 2D problem in
the deck plane into a sequence of 1D coupled problems along the
main axes of the computational grid. The problem equations are
solved using an exact Riemann solver for the variables fluxesand
stepping forward in time with a first order scheme. The boundary
conditions along the deck and possibles superstructures are en-
forced using the level-set technique in [5]. The global wave-ship
interaction solver assumes that incident waves and body motions
are large relative to the scattering and radiation effects and so ap-
plies the weak-scatterer hypothesis (see e.g. [6]). This means the
results are theoretically valid for wavelength-to-ship length ratio
sufficiently large. Within this solution strategy, the imperme-
ability body-boundary condition is satisfied averagely along the
instantaneous wetted hull surface defined by the incident waves
and the body motions. This leads to a correction of the scattering
and radiation loads obtained from linear theory. Further, nonlin-
earities are retained up to the second order for Froude-Krylov and
hydrostatic loads. Because the problem involves nonlinearloads
and anyway the transient phase must be investigated to detect
parametric roll excitation, the equations of motions are solved in
time domain using the approach in [7]. The rigid-body motion
equations are written along a body-fixed coordinate system with
origin in the center of gravity and read

Mξ̈ + Ω×Mξ̇ +A∞β̇ +
∫ t

0 K(t − τ)β (τ)dτ =
F0nlin + Fhnlin + Fwod+ Fslam.

(1)

Here,M is the ship generalized mass matrix,ξ ≡ (ξ1, ..,ξ6) are
the six rigid degrees of freedom,Ω is the angular velocity vector

(ξ̇4, ξ̇5, ξ̇6) and the upper dots indicate time (t) derivatives per-
formed along the instantaneous body axes,i.ewithout accounting
for the axes rotation. In equation (1), the cross product gives a
six-component vector whose first three components are obtained
by the cross-product ofΩ with the first three components ofMξ̇
and the remaining ones by the cross-product ofΩ with the second
three components ofMξ̇ . Further,A∞ is the infinite-frequency
added-mass matrix andK is the retardation function matrix. This
equation system should be valid formally for linear problems in
time domain but corrections due to nonlinear loads are included
in the Froude-Krylov and hydrostatic loads, respectively,F0nlin

andFhnlin, and in the slamming and water-on-deck loads, respec-
tively, Fslam andFwod, when such phenomena occur. A correc-
tion is also present in the added-mass and convolution-integral
terms of equation (1). Indeed, within linear theory,β is equal to
ξ̇ while here it is in general different and estimated in time from
the body-boundary condition

Vn(x, t) = (Vship − Vwave) ·n, (2)

with Vn the normal velocity at the wetted hull,Vship the body ve-
locity, Vwave the incoming-wave velocity, andn the body normal
vector. This implies that radiation and scattering phenomena are
considered together.Vn is expressed in terms ofN prescribed
basis functionsψi ,

Vn(x, t) = ∑i=N
i=1 βi(t)ψi(x) , (3)

with βi the i-th component ofβ and condition (2) is enforced
through a Minimum Least-Square approach along the wetted hull
defined by the incident waves and body motions. This provides
the equations to findβ (t). The equations of motions are solved in
time using a fourth-order Runge-Kutta scheme. When evolving
from time t to t +∆t the water-on-deck and slamming loads, as
well as the convolution integral terms, are estimated int and re-
tained constant during the interval∆t, while the remaining loads
are estimated at any time instant required by the scheme. Overall
the solver is very efficient and can provide a time evolution of
400 periods in at most few hours on a modern pc. The most time
consuming element is represented by the water-on-deck solution,
this could be overcome in the future by parallelizing this part.
The solver is described in detail in [3] and its different aspects
have been verified and/or validated ine.g.[3], [8] and [9]. In par-
ticular, the parametric-roll predictions, without and with water-
on-deck events, proved to be consistent with measurements in
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 damping
corrections can be modelled introducing empirical coefficients
in the equation of motion.
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TABLE 1. MAIN INFORMATION OF THE FISHING VESSEL AT
MODEL SCALE.

Length (L) 2.95 m
Breadth (B) 0.95 m
Draft (D) 0.4 m
Displacement 0.622 ton
Pitch Gyration radius 0.28L
Roll Gyration radius 0.38B
Metacentric height (GM) 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 depth= 220 x 9 x 3.6
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 longitudi-
nal ship axis (V-shaped configuration) as sketched in the right of
figure 1. The cables will be not pre-tensioned; the effect of apre-
tension on the stiffness provided to the different motions might
be relevant and will be examined in the future. As basic choice

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,L0c f = 0.476L
andL0ca = 0.433L, with L the ship length. The cable stiffnesses
are given byKcable= AE/L0c with AE≃ 392.61Nm the product
between the sectional area and the Young modulus of the cables.
With the aim to investigate the influence of the cables on the oc-

currence of the parametric roll, the set-up is studied numerically
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, propeller,
rudder) that will be used in the final configuration for the future
experiments in waves. Here, the free-decay tests in bare hull
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 test atzero
forward speed and indicates a natural periodT4n ≃ 2.74 s; this is
quite close to the roll natural period obtained from the numerical
method,T4n ≃ 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 causedby
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

ξ̈4+ p1ξ̇4+ p2ξ̇4|ξ̇4|+ p3ξ4 = 0 (4)

with p1 = B44,1/(I44+A44), p2 = B44,2/(I44+A44) and p3 =
C44/(I44+A44) and following the procedure in [10], the linear
and quadratic approximations of the experimental roll damping
have been obtained and are reported in table 2. Their correct-
ness is verified by solving numerically equation (4) with initial
roll amplitude from the model tests and comparing against the
experimental decay (see figure 2). From the results, the quadratic
damping follows slightly better the physical behavior while the
linear damping underpredicts the roll decay at large roll ampli-
tudes.

These coefficients will be introduced in the numerical solver
to check the importance of viscous damping for the parametric
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 steepnesskA between 0.1 and 0.25 and per-
forming simulations long 400T, 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 and with-
out cables, so it was assumed free to oscillate in heave, pitch and
roll, while interacting with head-sea regular waves. Table3 ex-
amines the numerical occurrence of parametric roll in termsof
incident-wave steepnesskAand of the calm-water 1-dof roll nat-
ural frequency-to-incident wave frequency,ω4n/ω. Hereω4n is

TABLE 3. NUMERICAL OCCURRENCE OF PARAMETRIC-
ROLL RESONANCE. ω4n/ω

kA 0.46 0.47 0.48 0.49 0.50 0.51

0.10 NO NO NO YES YES NO

0.15 NO NO YES YES YES NO

0.20 NO YES YES YES YES NO

0.25 NO YES YES YES NO NO

taken as a reference since for the multi-dof ship the roll natural
period is in general different than for a 1-dof system. From the
results, nonlinearities are able to maintain or to bring theroll in
the instability region forω4n/ω, lower than 0.5; atω4n/ω = 0.5
we have the opposite trend and at higher values ofω4n/ω no
parametric roll is recorded. To examine this, let us take the1-
dof Mathieu-type stability analysis from which instability occurs
more easily for frequency ratio equal to or near 0.5. With this
in mind, the results can be explained by the fact that the nonlin-
earities tend to increase the roll natural frequency. So, ifω4n/ω
is smaller than 0.5, the actual frequency ratio will be increased
toward 0.5 and this might bring into the instability area by the
nonlinearities. Ifω4n/ω is equal or larger than 0.5, the actual
frequency ratio will be increased to larger values and this might
bring outside the instability area. As a confirmation of this, for
each of the cases with instability occurrence, in steady-state con-
ditions the roll oscillates with a frequency equal to twice the ex-

citation frequency,i.e. the roll frequency is higher than the calm-
water 1-dof natural frequencyω4n.

The case withω4n/ω = 0.49 is associated with instability at
all examinedkA, so it is used next for further investigation of the
phenomenon. In particular, figure 3 gives the time history ofthe
roll for the different steepnesses and highlights that a higherkA
leads to an earlier excitation of the instability, a shortertransient
phase and a lower steady-state roll amplitude. The reasons be-
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FIGURE 3. TIME HISTORY OF ROLL FORω4n/ω = 0.49, WITH-
OUT DAMPING CORRECTION AND NO CABLES.

hind these features and the possible causes of parametric roll ex-
citation are investigated in figure 4 usingkA= 0.1 and 0.25. On
the top, the time interval during the transient developmentof roll
instability is shown for the two cases. The incident-wave eleva-
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FIGURE 4. TRANSIENT AND STEADY-STATE PHASES DUR-
ING PARAMETRIC ROLL FOR THE CASE WITHω4n/ω = 0.49
AND WITH ka= 0.1 (LEFT) AND kA= 0.25 (RIGHT), WITHOUT
DAMPING CORRECTION AND NO CABLES.

tion η at the vessel center and the transverse metacentric height
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GM are also given to help the discussion. HereGM is roughly
obtained as−F4hnlin/(ρg∇ξ4), with ρ the water density,g the
gravity acceleration and∇ the ship displacement. The jumps ob-
served in the figure are due to singularities forξ4 = 0, they have
been reduced setting a threshold limitξ4=1◦ below whichGM is
set equal to the calm-water metacentric heightGM0. Let us focus
on the time interval bounded by the dotted box forkA= 0.1, the
incident-wave frequency is twice the roll natural frequency and
the phasing betweenη and the roll is so that a wave crest occurs
mid-ship whenξ4 is increasing. This means a reduction in time
of the ship stability (and so ofGM relative toGM0) and the roll
can reach larger amplitude than in the previous cycle. The wave
trough occurs mid-ship when the roll is decreasing, this makes
faster the decrease of the motion and the later occurrence ofa
new wave crest supports again a roll rise in the opposite shipside
(negative roll). This phenomenon is similar for the twokA cases
but the steeper waves lead to a largerGM variation relative to
the calm-water value, in particular to larger periodic reductions,
and this allows a much faster rise of the roll amplitude. In this
example, within a time interval of 2T, the case withkA= 0.1
leads to an increase in the roll amplitudeξ4a less than 3 degrees
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 relativephase
betweenξ4 andη is the same as in the transient phase discussed
above whileGM is changed. In particularGM is almost in phase
with the incident-wave elevation mid-ship and this enable steady
state conditions. Indeed, when a wave crest occurs which would
tend to reduce the waterplane area and so the stability, thenGM
has also a large value, probably due to coupling of roll with heave
and pitch motions, and this works against the increase of theroll
amplitude in time. From the results,kA= 0.1 is associated with
larger steady-state amplitude of roll.

The possible reason why the higher the steepness the lower
the steady-state wave amplitude could be found in the coupling
with heave and pitch. This is investigated in figure 5 for the same
cases. For the lower steepness (left plots), during the transient
phase (top plot), the roll extremes (maxima and minima) occur
at the maximum pitch (positive with bow downward) and at the
minimum heave (positive upward). This means that when the
roll increases in magnitude (at any vessel side) the ship is lifted
up and pitches bow down. This supports the roll increase. As
the roll amplitude increases, the nonlinear effects connected with
the large motions slightly modify the roll oscillation period and
cause an increasing phase shift betweenξ4 and the other degrees
of freedom during the transient. This leads to a final steady-state
phase link (bottom plot) where when the roll increases in mag-
nitude the heave and pitch are almost zero so that there is no
support to increase the roll amplitude in time from the heaveand
pitch motions. For the larger steepness (right plots), the non-
linearities become important earlier in time therefore also in the
transient phase heave and pitch are almost zero when the rollin-
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FIGURE 5. TRANSIENT AND STEADY-STATE PHASES DUR-
ING PARAMETRIC ROLL FOR THE CASE WITHω4n/ω = 0.49
AND WITH ka= 0.1 (TOP) ANDkA= 0.25 (BOTTOM), WITHOUT
DAMPING CORRECTION AND NO CABLES.

creases in magnitude. This leads the steady-state conditions to
be reached earlier and so with lower roll amplitude. One must
note that also heave and pitch are affected by the occurrenceof
parametric roll, they increase in amplitude and their mean values
are shifted when the roll amplitude is sufficiently large (compare
top and bottom plots). In particular the instability tends to rise
the hull and to pitch her more bow down. This is reasonable be-
cause large roll will increase the displaced volume mostly in the
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
up.

What discussed above is somehow summarized in figure 6 in
terms of the righting armGZ and the roll velocity as a function of
the roll motion during the vessel evolution. From the results, the
case with higherkA leads to a larger variation of theGZ slope
(see enlarged view in the left plot), which is the same asGM
for small ξ4, and to a quicker rise of the roll velocity in time
(see right plot). However the steady state roll amplitude ismore
limited as indicated by the arrows giving the radii of the zones
with largest concentration of curves in the(ξ4, ξ̇4) plane for each
case. In bothkA cases theGZ curve is increasing with the roll
which suggests that there is not danger for vessel capsizingin
these conditions.

The effects ofkAare globally the same for all incident-wave
frequencies. This is summarized by figure 7 in terms of the time
required to reach the first peak in the roll envelope,tmax, corre-
sponding to the largest roll value, and in terms of the steady-state
roll amplitude,ξ4a. An exception for the time trend is repre-
sented by the case withω4n/ω = 0.5 andkA= 0.20. tmax seems

5 Copyright c© 2013 by ASME



-30 -15 0 15 30

-0.1

-0.05

0

0.05

0.1

ξ4 ( o)

kA=0.10
kA=0.25

GZ/D

0 5 100

0.02

0.04

ξ4 ( o)

GZ/D

-30 -15 0 15 30

-200

-100

0

100

200

ξ4 ( o)

kA=0.10
kA=0.25

ξ4t(
o/s)

FIGURE 6. GZ AND ROLL VELOCITY ξ̇4 = ξ4t AS FUNCTIONS
OF THE ROLL FOR CASE WITHω4n/ω = 0.49, WITHOUT DAMP-
ING CORRECTION AND NO CABLES. HERED IS THE VESSEL
DRAFT.

0.1 0.15 0.2 0.25
0

2

4

6

8

10

kA

t*max

ω4n/ω
0.47
0.48
0.49
0.50

x10-2

0.1 0.15 0.2 0.25
0

10

20

30

40

ξ4a(
o)

kA

ω4n/ω
0.47
0.48
0.49
0.50

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
CABLES. t∗max= tmax

√

g/L.

to be more affected bykA than byω4n/ω while the opposite is
documented by the steady-state amplitude which increases al-
most linearly asω4n/ω decreases.

Because of the deep draft and of the high mean freeboard
the vessel is not sensitive to bottom-slamming and water-on-deck
phenomena, at least without forward speed. Present investiga-

tions document no bottom slamming and limited number of wa-
ter shipping forω4n/ω = 0.47 with kA= 0.20 andkA= 0.25.
The events occurred when the roll reached the largest value dur-
ing the transient (the first peak discussed above) and were asso-
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 intro-
duced in the potential-flow solver to check the effects in theroll-
instability occurrence and features. The damping did not change
the occurrence of the phenomenon but affected transient phase
and steady-state conditions depending on the choice between lin-
ear and quadratic damping corrections. This is discussed infig-
ure 8 for the case withω4n/ω = 0.49 andkA= 0.1 as an example.
From the results, the quadratic damping practically does not af-
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FIGURE 8. TIME HISTORY OF ROLL FORω4n/ω = 0.49 AND
kA= 0.1. NO CABLES.

fect the duration of the transient phase while the linear damping
causes a delay of the steady-state conditions of several incident-
wave periods. This could be due to the fact that the liner damping
is more effective than the quadratic damping (whose linear con-
tribution is almost zero, see table 2) at lower roll amplitudes. As
expected, the steady-state amplitudes with viscous damping cor-
rection are slightly lower than without and the quadratic damping
appears slightly more effective than the linear correction. This
is reasonable because the quadratic damping has a term propor-
tional to the square of the roll velocity, and so to the squareof
the roll amplitude. Another difference between the two damping
corrections in terms of effectiveness comes from the roll natu-
ral frequency. The largerω4n the more effective the quadratic
damping correction is expected to be. The effects of linear and
quadratic viscous damping corrections for all cases with para-
metric roll are examined in figures 9 and 10, respectively. In
figure 9 the results for case withω4n/ω = 0.5 andkA= 0.20
are not reported, though there is parametric roll. This is because
the linear damping has made so slow the instability process that
steady-state conditions are not reached within a 400T evolution.
From the results the influence ofkA andω4n/ω remains qualita-

6 Copyright c© 2013 by ASME



tively the same with the viscous damping. The linear dampingis
more effective at lower excitation frequencies,i.e. higherω4n/ω,
in enlargingtmax, while the quadratic term in general does not af-
fect much the transient duration. Both damping correctionstend
to slightly reduce the steady-state roll amplitude, especially at
the lowestkA.
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With surge due to cables The effect of cables was examined
by allowing also surge motion of the vessel, while yaw and sway
are restrained. The yaw influence can be large and will be in-
vestigated in detail as a next step. For simplicity the sway is not
examined but it can also matter and should be considered for a
more realistic scenario in the future.

The physical cables have been modelled in the solver assum-
ing fixed the four nodes farthest from the vessel and free to move
rigidly with the vessel the remaining two nodes. The loads acting
on the vessel due to the cables were modelled as restoring forces
applied at the free nodes and directed along each cable when the
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cable is in tension. If the system remains symmetric about the
longitudinal axis, the cable force system will not give any lateral
component. When roll is excited, the cables will result in forces
in all three directions affecting the translational motions, their
torques will influence the rotational motions.

The stiffness of the cables leads to a surge natural period
T1n ≃ 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 depends on the
stiffness of the cables, the higher the stiffness the lower the drift
is. The presence of the surge does not modify the occurrence
plane of the roll instability and affects in a limited way thefea-
tures of the parametric roll, as documented by figure 11. The
surge affects mostly the cases with higher steepnesses because
in those cases the surge motion has larger oscillation amplitudes
and can affect more the other motions and so the roll. In termsof
steady-state amplitude, the effect is practically negligible, while
the surge can both delay and accelerate the instability. This de-
pends on the phasing between the different loads on the vessel.
For instance, if the surge motion is large then the center of the
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ship will experience rather different Froude-Krylov loads, fur-
ther the occurrence in time of a wave crest or trough mid-ship
will be also affected. One must remember that it is importantto
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FIGURE 11. 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
WITH SURGE DUE TO CABLES.t∗max= tmax

√

g/L.

have a stiffness sufficiently small so to have a fictitious surge nat-
ural period that does not change the physical problem examined.
On the other hand the stiffness can not be too small. With the
basic stiffness considered, the case with highest incident-wave
frequency documented an envelope in the roll motion connected
with the surge natural period. This is shown in figure 12 for
kA= 0.25. The roll motion (top plot) without viscous damping
clearly shows this envelope connected with the surge natural pe-
riod (bottom plot). Probably this is because the incident-wave
period is much different from the surge natural period and the
surge oscillations are large enough to modify extreme values of
hydrostatic and Froude-Krylov roll moments. Using linear and
quadratic viscous damping, the envelope disappears as the surge
oscillations around the mean drift become very limited. Here
also the viscous damping in surge due to the presence of the ca-

bles has been included and estimated experimentally using surge
free-decay tests, similarly as done for the roll. If the cable stiff-
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-15

0

15

ξ4 (°)
No surge
With surge, without damp.
With surge, linear damp.
With surge, quadratic damp.

t/T

360 380 400

-2

-1

0

1

ξ1 /A
Without damping
With linear damp.
With quadratic damp.

t/T

FIGURE 12. TIME HISTORY OF ROLL (TOP) AND SURGE
(BOTTOM) FOR THE CASE WITHω4n/ω = 0.47 AND kA= 0.25.

ness is halved the roll behavior becomes less regular and quite
affected by the surge motion because of the much larger surge
oscillation amplitude (see figure 13).

Another important issue is the sensitivity of the parametric
roll to the cable configuration. This is examined in table 4 in
terms oftmax and steady-state roll amplitudeξ4a using again the
caseω4n/ω = 0.49 with kA= 0.1 and 0.25 as an example. No
viscous damping correction is considered. The vertical position
of the cable nodes has been shifted fromz= 0 to z= ±zG, with
zG the coordinate of the center of gravity and the fixed nodes
have been moved apart or toward the vessel along the longitudi-
nal axis of a quantity∆x = ±0.1L0c, with L0c the basic length
of the examined cable. The first variation is relevant for themo-
ments induced by the cables, while the second one corresponds
to a change in the cable length and so in the cable stiffness. The
longer the cable the lower its stiffness is. From the results, these
variations do not cause any relevant change in terms of para-
metric roll, so the sensitivity to the cable set-up does not appear
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FIGURE 13. TIME HISTORY OF ROLL (TOP) AND SURGE
(BOTTOM) FOR THE CASE WITHω4n/ω = 0.47 AND kA= 0.25.
Kcable IS THE STIFFNESS OF EXPERIMENTAL CABLES.

TABLE 4. EFFECTS OF CABLE CONFIGURATION ONt∗max =

tmax
√

g/L AND ON THE STEADY-STATEξ4a (IN DEGREES) FOR
CASEω4n/ω = 0.49 WITH kA= 0.1 (=1) AND kA= 0.25 (=2).

z,∆x= 0 z=−zG z=+zG ∆x=−0.1L0c ∆x=+0.1L0c

1: t∗max 173.45 170.38 173.46 173.44 173.45

2: t∗max 84.10 85.63 85.63 84.09 85.63

1: ξ4a 22.39 22.39 22.30 22.43 22.40

2: ξ4a 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-sea condi-
tions. The effects of the incident-wave frequency and steepness,
of the viscous damping and of the cable stiffness and configura-
tion to be used experimentally for a physical study of the prob-
lem, were examined. Globally, the higherkA the faster the insta-
bility occurrence and the smaller the steady-state roll amplitude

are. The latter is more sensitive toω4n/ω and increases almost
linearly as this ratio decreases. Higher incident-wave nonlinear-
ities help triggering parametric roll forω4n/ω < 0.5 while they
avoid the instability forω4n/ω = 0.5. A linear viscous damp-
ing delays much the parametric-roll occurrence while a quadratic
damping does not affect the transient. One should consider an
equivalent linear viscous damping instead of the linear damping
defined here to check the sensitivity oftmax to this parameter. The
steady-state roll amplitude is slightly reduced by the damping.
The surge due to the cables does not affect much the parametric
roll features for the chosen cable stiffness. The latter is an impor-
tant parameter and should be properly tuned to avoid a behavior
of the vessel different than in open sea when using model tests.

The next step will be to examine the yaw motion which
could lead to an additional instability phenomenon when couples
with roll, depending on the cable features. We will then exam-
ine the effect of small forward speed for the parametric roll. In
this case we can have both a direct and an indirect influence. In
fact, the forward speed causes among the others a different exci-
tation frequency experienced by the vessel and so it leads toa dif-
ferent frequency range where the parametric roll is experienced.
Moreover, it can cause more easily water on deck depending on
the vessel conditions. Sufficiently heavy water shipping may af-
fect and be affected by parametric roll, as examined for instance
in [9].
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