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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

Sensitivity Analysi . .k . . . -
ensitivity Analysts 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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3- Heave
4- Roll
5- Pitch
6- Yaw
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Fig. 7 Mass-spring-damper model of the roll and heave motions [14]
S8 g ide 08 o (gl ans sl Jgaily g e ez o T JSCD
[14] sogee
o 2 a8 Jail SO ol g el (ol3l ax 0 90 sl ¢ sas &8l Jowe
P sl @lmlr @ s M py2 G090 jome Sl o &5 > Sy
2 gbed (Sesls HU8) iluand Coll ptucn (pl ol b m
90 0 S8 o bt Kb lales Sl 5 ol 1y plT gy
S > b Bl e oges S8 > 30 1) G350 S8 > g 2l e

GG CS 3> g el €S o oo oo &5 > oYoleo -1-4
(42) 5 (41) alal; ©jg0 & Mpy> S p g Sundyo (D) JS& Billae

R

Tm = Lsin(@) 1+ (z — Lcos(9))] (41)

vy, = lg cos(p) i+ (z + lgsin(p))] (42)
ol (44) 5 (43) alasl) Syg0 0 M gy o s 5 Connda

T = ZJ (43)

Uy = Zj (44)

Ly, b by BBl @l 5 gt Joily 5 iz 55
el sy (47) 5 (46)(45
1

49)
T=2Mz 4+ m(2gPeos (g) + (2 + lgsin(@))?)  (49)

(46)

(

S

6
A7)

1
V= Ekz2 + mgl(1 — cos(yp))
1 . 1, .
F=2c,¢*+-bz?
b (41) Ly, o,li%l 4sin?(@p) =0 5c08%(p) =1 5,5 L
Conds (49) 5 (48) Ly, slhae <5 > SVolae HL,EY dolae o (47)

49.“54
(M +m)Z + mlg?cos(p) + mlp sin(p) + kz + bz = (48)
fosin(wt)
ml?¢ +mlZsin(p) + mglsin(p) +cp =0 (49)
Oype 4 C08(@) 5 SIN(Q) ks pm b 85 Ll s L
(50)
sin(g) = ¢ = £+ 0(¢%)
cos(p) = 1 -4 +0(¢") (50)

o 4 5 1 Alas (49) 5 (48) 15 (50) aad, o505 5§ e
il sep0 (51) b,

(M +m)z +mip? =" 62 0? + mie — mlg L +

kz + bz = f,sin(wt)

mlzcﬁ+mlicp—m|2%3+mgl<p—mgl%3+c<p =0 (51)

12 o jlosis 15 095 1394 siswl (o3 Sl Swaie


https://dorl.net/dor/20.1001.1.10275940.1394.15.12.47.5
https://mme.modares.ac.ir/article-15-9829-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1394.15.12.47.5]

VoD 9 ey 135

29U 5 (g3g0c 9 e J395 LA ja S jut lbles )l g l.w;}.glliT, 6. bw duuuo

--- equivalent model
— original model
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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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9.75 14.50 6.40 16.48 12.53 3.13 6.67 Z
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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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