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ABSTRACT

The methods to be used for direct stability assessment of parametric rolling are now under
development by the International Maritime Organization (IMO) in the second generation intact
stability criteria. In order to provide a reliable numerical method for predicting parametric rolling,
the effects of parametric rolling on heave and pitch motions in regular head seas are investigated by
simulations and experiments. Firstly, a coupled heave-roll-pitch mathematical model based on a
nonlinear strip theory is used to calculate heave and pitch motions in regular head seas with
parametric rolling taken into account. Secondly, model experiments are conducted to investigate the
effect of parametric rolling on heave and pitch motions where an optical tracker is used to measure
ship motions. Finally, time-domain heave and pitch motions are analyzed in the frequency-domain
by the Fourier transformation. The both results of experiments and simulations show that heave and
pitch motions are obviously affected by parametric rolling and one distinct phenomenon is newly
observed that the pitch motions in experiment include subharmonic component when parametric
rolling occurs. However the distinct phenomenon does not clearly reproduced in numerical
simulation, therefore the effects of parametric rolling on heave and pitch motions should be further
investigated in the numerical method for direct stability assessment of parametric rolling.
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INTRODUCTION capsize due to parametric rolling in following

waves were published by one of the authors
The methods to be used for direct stability (Umeda et al,1995).In case of head waves,
assessment of parametric rolling are now under however, prediction of parametric rolling is not
development by the International Maritime  go easy because dynamic coupling with heave
Organization (IMO) in the second generation  and pitch are significant and added resistance
intact stability criteria (IMO SLF55, 2013). In cannot be ignored. Effect of dynamic heave
case of following waves, the encounter and pitch motions on parametric rolling was
frequency is much lower than the natural investigated so far by many researchers and is
frequencies of heave and pitch so that coupling  ell established: restoring arm variation in
with heave and pitch is almost static. In head waves depends on dynamic heave and
addition, added resistance in following waves pitch motions (Taguchi et al. 2006). Effect of
is generally small. Thus several successful added resistance on parametric rolling was

predictions of parametric rolling in following investigated by some researchers (Jensen et al,
waves were reported (Munif and Umeda, 2000). ~ 2007; Umeda et al, 2008; Umeda and

In particular, clear experimental records of  Francescutto, 2008; Lu et al, 2011a).
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In linear ship dynamics the frequency of ship
oscillations is equal to encounter frequency,
and no roll, sway and yaw motions occur in
longitudinal waves, and the effect of parametric
rolling on other motions and added resistance
in head seas cannot be discussed in ship
seakeeping theory. Two of the authors develops
a new formula based on Maruo’s theory and
theoretical studies on the effect of parametric
rolling on added resistance in regular head seas
while the effect of parametric rolling on heave
and pitch motions is ignored which could also
affect added resistance in waves(Lu et
al,2011b).

In ship seakeeping theory, the effect of roll
on heave and pitch motions is little, coupling
from heave and pitch to parametric rolling is
taken into account but not vice versa in
published papers (Umeda et al, 2008; Lu et al,
2011a).A small difference of restoring arm
variation could result in a large difference of
roll amplitude in prediction of parametric
rolling (Hashimoto et al, 2007). Restoring arm
variation in head waves depends on dynamic
heave and pitch motions (Taguchi et al. 2006)
In order to provide a reliable numerical method
for predicting parametric rolling, the effects of
parametric rolling on heave and pitch motions
in head seas should be investigated.

Because there is no theory can be used to
investigate the effects of parametric rolling on
heave and pitch motions in head seas, the
authors attempt to use a coupled heave-roll-
pitch mathematical model (Hashimoto and
Umeda, 2012) based on a nonlinear strip theory
and conduct model experiments using an
optical tracker to investigate the effect of
parametric rolling on heave and pitch motions
in regular head seas.

MATHEMATICS

A coupled heave-roll-pitch mathematical
model as followed based on a nonlinear strip
theory (Hashimoto and Umeda, 2012) is used
to calculate heave and pitch motions in regular
head seas with parametric rolling taken into
account.
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Nonlinear  Froude-Krylov  forces are
calculated by integrating the incident wave
pressure around the instantaneous wetted hull
surface. Radiation and diffraction forces are
calculated for the submerged hull considering
time-dependant roll angle with the static
balance of sinkage and trim. Two-dimensional
hydrodynamic forces are calculated by strip
theory. Hydrodynamic forces for the heave,
pitch and diffraction models are calculated with
the encounter frequency while those for roll
mode are done with half the encounter
frequency assuming parametric rolling. Linear
and cubic roll damping coefficients are used in
mathematic model which are obtained from roll
decay test in experiment. Here in order to
investigate the effect of parametric rolling on
heave and pitch motions, roll damping
coefficients is adjusted to tune amplitudes of
parametric rolling.

€)

EXPERIMENTS

The free running experiment with a 1/65.5
scaled model of the post Panamax CI1 class
containership was conducted at the seakeeping
basin (length: 69m, breadth: 46m, height: 4m)
of China Ship Scientific Research Center, in
which the ship model was drove by a propeller
in regular head seas. Pitch and roll amplitude
are measured by the MEMS (Micro Electro-



International Ship Stability Workshop 2013

Proceedings of the 13™ International Ship Stability Workshop, Brest 23-26 September

Mechanical System)-based gyroscope placed
on the ship model and wave elevation was
measured by a servo-needle wave height sensor
attached to the towing carriage. In order to
directly measure the heave motion, an optical
tracker attached to the towing carriage is also
used to measure ship motions. Here the optical
tracker is only used to measure ship motion at
zero speed because the towing carriage has
mechanical vibrations with forward speed
which affects the precision measure of the
optical tracker. The principal particulars and
body plan of the C11 class containership are
shown in Table 1 and Fig.1, respectively. The
ship model in experiment is shown Fig.2.

Table 1:  Principal particulars of the C11 Containership
Items Ship Model
Length:L 262.0m 4.000m
Draft:T 11.5m 0.176m
Breadth:B 40.0m 0.611m
Depth:D 24.45m 0.373m
Displ.:W 67508ton 240.2kg
Cs 0.560 0.560
GM 1.928m 0.029m
T, 24.68s 3.05s
Kyy 0.24L 0.24L

Fig.2The ship model in experiment

RESULTS OF EXPERIMENTS
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Fig.3 Pitch and heave motions in time and frequency domains
before parametric rolling occurs with 2/L,,=1.0, H/7=0.01,
7=180°, Fn=0.0, 1/(Te)=0.0772HZ.

Roll [degs]

Roll Amplitude [degs]

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Frequency [Hz]

Pitch [degs]




International Ship Stability Workshop 2013

Proceedings of the 13™ International Ship Stability Workshop, Brest 23-26 September

1.0

0.8

0.6

0.4

0.2

Pitch Amplitude [degs]

0.0+
0.00 0.02 0.04 006 008 010 012 014 016 0.18 0.20

Frequency [Hz]

0.6 T-=======s=mmeeeeeeeeceemeeeeeeeeeeeeaeeeee
_ E 0.4
% é 0.3
3 =
T £ o2
<
[
§ 0.1
I o.0-
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
0.4- Frequency [HZz]
E o3 Fig.5 Pitch and heave motions in time and frequency domains
(]
El s when parametric rolling occurs with A/L,,=1.0, H/4=0.02,
=
g 7=180° Fn=0.0, 1/(Te)=0.0772HZ.
[ 4
g 0.1
T AO
0.%.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 30 XX "\ N T
Frequency [Hz] _ o gy -
& 10 -—f--t---f-Yr-----\--g-Y---A--
Fig.4 Pitch and heave motions in time and frequency domains = R O N VR S YO A Y e
when parametric rolling occurs with 2/L,,=1.0, H/A=0.01, U2 W A U A U A W S

7=180°, Fn=0.0, 1(Te)=0.0772HZ. 40 Lo

N

o
@
.

Roll [degs)

)I-\ BN W

Ci_l o O O o
Roll Amplitude [degs]

t [s] 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Frequency [HZz]

b
o

w
o
;

N
o
L

N
o
!

-
@
L

Pitch [degs]

Roll Amplitude [degs]

0 T T T T T T T T T i
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Frequency [Hz]

e
‘o
j=2)
3
@ o
by S
b= 2
= =
O Qo
= g 19
a
<
<
[5]
=
o

() i T i T T 7 T T T i
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

Frequency [Hz]

2.0

1.8 1.0
D ~
% 1.6 & 0.8
3 1.4+ E 0.6
1.2 v 04
LY 5
2 .0+ @ 0.2
E& 0.8 S 0.0
£ 069 < -0.2 2
< 044 oS
5] B 04
£ 0.2
g o o 06 -
0. @
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 S -0.8 -
<t

Frequency [Hz]




International Ship Stability Workshop 2013

Proceedings of the 13™ International Ship Stability Workshop, Brest 23-26 September

0.4 4

2

Acceleration of Heave Amplitude [m/s ]

0.2 4

0.1

0.0

Frequency [Hz]

Fig.6 Pitch and acceleration of heave motions in time and
frequency domains when parametric rolling occurs with
MLy,=1.0, H/3=0.04, 7=180°, Fn=0.1, 1/(Te)=0.0965HZ.

RESULTS OF SIMULATIONS
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Fig.7 Pitch and heave motions in time and frequency domains
without parametric rolling with A/L,,=1.0, H/2=0.02, »=1 80°,

Fn=0.0, 1/(Te)=0.0772HZ. (Simulation)
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rametric rolling, pitch and heave motions in time and

frequency domains when the amplitude of parametric rolling is

25degs
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=0.0772HZ. (Simulation)
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DISCUSSIONS

The results of experiments and simulations
indicate the frequency of heave and pitch
motions is equal to the encounter wave
frequency without parametric rolling as shown
in Figs.3 and 7 which coincide with a linear
seakeeping theory. When parametric rolling
occurs with amplitudes of 15degrees and
25degrees as shown Figs4 and 5 in
experiments and Fig.8 in simulations, heave
and pitch motions are affected by parametric
rolling and their large and small amplitudes
alternatively appear. This phenomenon seems
like “‘subharmonic pitch” and ‘“subharmonic
heave”. The heave and pitch motions are
analyzed in the frequency-domain by the
Fourier = transformation. One distinct
phenomenon was newly observed that the pitch
motions in the experiments has both half the
encounter wave frequency and the encounter
wave frequency components when parametric
rolling occurs while this phenomenon is not
obvious in heave motions.

The acceleration of heave motions was also
measured by an accelerometer in the MEMS-
based gyroscope system when the ship model
has the forward speed, as shown in Fig.6, and
the acceleration of heave motions is obviously
affected by parametric rolling which has both
half the encounter wave frequency and thee
encounter wave frequency when large
parametric rolling occurs. However this distinct
phenomenon did not occurs in heave motion
directly measured by the optical tracker at zero
forward speed.

Although pitch and heave motions are
affected by parametric rolling in numerical
simulations, the distinct phenomenon of pitch
motions in experiments cannot reproduced in
numerical simulations. Therefore, in order to
provide a reliable numerical method for
predicting parametric rolling, the simulation
model should be updated and the effects of
parametric rolling on heave and pitch motions
in head seas should be precisely taken into
account.

CONCLUSIONS

As a result of experimental and numerical
studies on the effect of parametric rolling on
heave and pitch motions in regular head seas,
the following remarks and recommendations
are noted:

1) The nature of heave and pitch motions
affected by parametric rolling in regular head
seas is firstly presented; the large and small
amplitudes alternatively appear.

2) The pitch motions in the experiments are
consist of both half the encounter wave
frequency and one the encounter wave
frequency components when parametric rolling
occurs while this phenomenon is not obvious in
heave motions.

3) The simulation model should be updated so
that the effects of parametric rolling on heave
and pitch motions in head seas should be
precisely taken into account for providing a
reliable numerical method for direct stability
assessment of parametric rolling.

ACKNOWLEDMENTS

The research is supported by Ministry of
Industry and Information Technology of China
(No. [2012] 533).

REFERENCES

Hashimoto H, Umeda N and Sakamoto G, Head-Sea Parametric
Rolling of a Car Carrier. Proceedings of the 9th
International Ship Stability Workshop, Germanisher
Lloyd., 2007

Hashimoto H and Umeda N, Validation of a Numerical
Simulation Model for Parametric Rolling Prediction using
PCTC. Proceedings of thel1th STAB, 2012, pp. 141-149

IMO SLF 55/WP.3, Development of Second Generation Intact
Stability Criteria, Report of the working group (part 1).
2013

Jensen JJ, Vidic-Perunovic and Pedersen P J, Influence of
Surge Motion on the Probability of Parametric Roll in a
Stationary Seas State. Proceedings of the 9th International
Ship Stability Workshop, Germanisher Lloyd, 2007, pp.1-
9



International Ship Stability Workshop 2013

Proceedings of the 13™ International Ship Stability Workshop, Brest 23-26 September

LuJ, Umeda N and Ma K, Predicting Parametric Rolling in
Irregular Head Seas with Added Resistance Taken into
Account. Journal of Marine Science and Technology,
2011a, Vol. 16(4), pp. 462-471

LuJ, Umeda N and Ma K, Theoretical Study on the Effect of
Parametric Rolling on Added Resistance in Regular Head
Seas. Journal of Marine Science and Technology, 2011b,
Vol. 16(3), pp. 283-293

Munif A and Umeda N, Modeling Extreme Roll Motions and
Capsizing of a Moderate-Speed Ship in Astern Waves.
Journal of the Society of Naval Architects of Japan, 2000,
Vol. 187, pp. 405-408

Taguchi H, Ishida S, Sawada H and Minami M, Model
Experiments of Ship Capsize in Astern Seas. Journal of the
Society of Naval Architects of Japan, 1995, Vol. 177, pp.
207-217

Umeda N, Hamamoto M, Takaishi Y , Chiba Y., Matsuda A ,
Sera W, Suzuki S, Spyrou K and Watanabe K, Model
Experiment on Parametric Rolling of a Post-Panamax
Containership in Head Waves. Proceedings of the 9th
STAB, 2006, Vol. 1,pp. 147-156

Umeda N, Hashimoto H, Frederick S, Nakamura S, Seyed
H.S.H, Matsuda A and Pablo C, Comparison Study on
Numerical Prediction Techniques for Parametric Roll.
Proceedings of the 27th Symposium on Naval
Hydrodynamics, Seoul, 2008, pp. 5-10

Umeda N and Francescutto A, Performance-Based Ship
Operation. Proceedings of the 2nd International Workshop
on Risk-Based Approaches in Maritime Industry, 2008,
22.1-2.2.9



