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 In recent decades, study of the behavior of ship motion in waves has been considered by researchers. In 
this paper, mathematical modeling of nonlinear coupling of roll and heave modes of a ship under 
harmonic excitation in heave direction is studied. The method of multiple scales is used to solve 
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 
with the numerical solution of the equation and good agreement is obtained. Analysis of ship motion 
requires time consuming computations in large scaled model. In addition to evaluation of nonlinear 
coupling roll motion with heave in forced vibrations, the motion is modeled with a simple mechanical 
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. 2 The ship with rectangular cross area [7] 
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Fig. 4 Phase diagram of the harmonically excited roll motion 
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Fig. 5 Comparison of the analytical and numerical heave motion 

5  

  
Fig. 6 Phase diagram of the harmonically excited heave motion 
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Fig. 7 Mass-spring-damper model of the roll and heave motions [14] 
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1   
Table 1 Sensitivity of the roll motion in the forced vibration to the variation of the parameters of the coupled model   

 rollJ +5% rollJ 5% rollJ  +10% rollJ 10% rollavg( )J ±5% rollavg( )J ±10%  
fz 6.67 3.13 12.53 16.48 6.40 14.50 9.75 

b 16.83 77.76 28.80 93.54 47.30 61.17 27.38 
d 13.05 11.03 421.42 19.13 12.04 220.27 15.61 
L 2.40 2.55 4.63 5.29 2.48 4.96 4.09 

r 4.89 5.35 9.37 11.24 5.12 10.31 0.84 
h 0.43 0.42 0.82 0.87 0.42 0.85 0.11 

2   
Table 2 Sensitivity of the heave motion in the forced vibration to the variation of the parameters of the coupled model   

 heaveJ +5% heaveJ 5% heaveJ +10% heaveJ 10% heaveavg( )J ±5% heaveavg( )J ±10%  
h 0.58 0.67 1.09 1.43 0.62 1.26 0.27 

L 2.60 2.45 5.35 4.68 2.52 5.02 1.27 
b 2.60 2.45 5.35 4.68 2.52 5.02 1.27 

0f 8.71 8.28 17.86 16.13 8.49 17.01 0.96 
 19.36 26.49 33.24 68.41 22.93 50.83 47.60 
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