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Nonlinear vibrations modeling and sensitivity analysis of the coupled roll and
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In recent decades, study of the behavior of ship motion in waves has been considered by researchers. In
Received 22 August 2015 this paper, mathematical modeling of nonlinear coupling of roll and heave modes of a ship under
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; . harmonic excitation in heave direction is studied. The method of multiple scales is used to solve
Available Online 28 November 2015

nonlinear equations. Equations of motion in harmonic excitation are studied. In order to validate the
responses obtained by the method of multiple scales, the response obtained for a sample is compared

gﬁ{gvords' with the numerical solution of the equation and good agreement is obtained. Analysis of ship motion

Coupled Roll and Heave Motions requires time consuming computations in large scaled model. In addition to evaluation of nonlinear

Method of Multiple Scales coupling roll motion with heave in forced vibrations, the motion is modeled with a simple mechanical

g:r:;':‘gc:tcya‘ﬁ;?g:’sn system that includes mass—spring-damper and pendulum under identical conditions and the response of
equal system with response of the original system being consistent. Sensitivity analysis was carried out
for nonlinear coupling of roll and heave in harmonic excitation with local and partial derivative methods
and the results from the two methods are compared.
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Fig. 8 Comparison of the roll motion of the equivalent and original
models

(bl s el b Jolos s A gy 4nslin 8 S

0.3

-- equivalent model

L # all e
02 — original model

0.1

0 il

Z(m)

-0.1F
-0.2r § L

-0.31

A 10 20 30

40 50 60 70 80 90 100
1(s)

Fig. 9 Comparison of the heave motion of the equivalent and original
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Table 1 Sensitivity of the roll motion in the forced vibration to the variation of the parameters of the coupled model
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4.09 4.96 2.48 5.29 4.63 2.55 2.40 L
0.84 10.31 5.12 11.24 9.37 5.35 4.89 -
0.11 0.85 0.42 0.87 0.82 0.42 0.43 G
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Table 2 Sensitivity of the heave motion in the forced vibration to the variation of the parameters of the coupled model
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