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Cruise ship Voyager suffered from parametric rolling, 2005  Parametric rolling model test conducted at HEU
(youtube.com) SOE , Osaka, December, 2013



A Brief Introduction on Ship Parametric Rolling

Parametric rolling occurring for any ship having large righting
arm variations between trough and crest condition.

—
I\
I\
/1y
I i\
/ \
/ \
/ \
/ \
/ \
o
Swing model
02
n | I S
02r
04+ /;’; T Fl
o6} yd l
G
a8l A‘:Z ]
1 4“6‘08(1 i .
-2 —1.I5 —‘II -ﬂ_l5 Ill ﬂ_IS ‘II 1.I5 2
The motion of the pendulum
Physical explain of parametric excitation Disturbance frequency equals to two times the natural frequency
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A Brief Introduction on Ship Parametric Rolling

$+ Q@+ (o, +0’, cos(w))-¢=0 Mathieu Equation

C()m The natural frequency @p  Amplitude of the disturbance

(D,  Theencounter frequency

Unstable domain (shaded area ) 2w
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A Brief Introduction on Ship Parametric Rolling

b+26p+(0,, + @, cos(w)) -9 =0

a)m The natural frequency @y Amplitude of the disturbance

(D,  Theencounter frequency

The unstable domain vary with different roll damping level
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A Brief Introduction on Ship Parametric Rolling

Factors affecting the accuracy of numerical simulation:

»Parameters contributed to righting arm variations
-Waves
—Unsteady motion coupling

» The exact roll damping model
-Waves
—Unsteady motion coupling

»Large amplitude hydrodynamics model
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An Enhanced Time Domain Strip Theory

Motion Equation:
A =F°(M)+FR)+F' () +F°(t)+F"
R .
F Radiation Force
FP Diffraction Force
F | Wave excitation force
F ° Restoring Force

Y} .
F Viscous force
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An Enhanced Time Domain Strip Theory

Time/dlomain radiation force:
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Frequency domain radiation force:

Fu (t)= Re{eiwet [a)ezAjk - ia)ijk]}
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Ki(1) == |, (By (@) ~by) cos w,zde,

Kramers-Kronig relation(Cummins,1962,0gilvie,1964)
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Cummins (1962)
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Liapis (1986)

Bradley, 1987
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Some corrections for b term
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The derivation of ¢,,; term

/—[ Time domain method ]

Time unvarying linear system

\[ Frequency domain method ]

B, () = =PV j — Sl - Ad@)lde, Y =0
T mmmmmmmmm  S.T.F is not a complete
2 B (@) Theory to handle ship motion
—Ay(@) __;PV j 0 — e U=0 with forward speed
k=16 (zero speed approximation)

Kramers-Kronig relation(Cummins,1962,0gilvie,1964)
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The derivation of Cp.us term
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Validation
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An Enhanced Time Domain Strip Theory

Heave Rao
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HEU Model Test

Numerical model 1;
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Numerical Simulation and Experiment Validation
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Numerical Simulation and Experiment Validation
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Conclusion

€ Roll damping is very important on final steady roll amplitude

€ Motion coupling may affect the developing of parametric rolling

Further work

€ Body-exact time domain hydrodynamics solver
€ Methods to ascertain roll damping at large roll amplitude

& Efficient ways to evaluate parametric rolling in irregular waves
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