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'COMPUTER AIDED SIMULATION FOR
NON-LINEAR MODEL OF SHIP MOTION

NGUYEN NHAT LE

SUMMARY. The ship motion is simulated on computer by non-linear model of small vibration
and strong non-linear model. The results are compared between twe models. The influences of

different parameters to the ship motion are considered.

§1. INTRODUCTION

The non-linear model simulation of ship motion has been studied by Nguyen Van Dao [1].
proposed model consists of 2 mass M restrained by a non-linear elastic spring and a mass m
ched to a hinged, weightless rod {Fig. 1). This system has the vertical and angular oscillations,

§2. SIMULATION FOR NON-LINEAR MODEL
OF SMALL VIBRATION

The differential equations of motion for the system represented in Fig. 1 are writen as follows

(M + m)(2+ i)+ koZ + o Z° + hoZ + mé{@sing + $° cos ) = 0
M2 + Cop + ml(g+ Z + i) sinp = 0 {2.1)

e Z = 1 —u is the relative vertical displacement of the mass M = is the vertical displacement
te mass M from its static position of equilibrium; 4 = geoswt is the vertical displacement of
base of the system; y is the angular displacement of the pendulum; k and By are the linear
non-linear characteristics of the spring, respectively; hy and Cy are the damping coefficients
e vertical and angular motions, respectively.

Supposing that the damping forces and the ratios o = ¢/f; u = m/[M + m) are small, the
rential equations of small vibrations are written as follows [1]:

W + kW = —¢[ — an?cos nr + AW’ + W3 + u(pp” + )] + €7 ...

&° (2.2)
" +p=¢[~Cp + s —W" + on®pcosyr] + &% ...
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Computer aided simulation for differential equations of small vibrations (2.2) w1th the different
data in 1] with:

'yzo.os; k=2 h=C=010; 0=45-107% f=0andf=1

we obtain the behaviours of o(t) and W{t} as shown in Fig. 2. Where {r): damped vibration,
W (r): periodic vibration affter a time.

The change of coefficient 8 (§ = 0 or § = 1) and the change of coefficient n have a very small
influence to the motions. )
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§3. SIMULATION FOR STRONG NON-LINEAR MODEL

For general strong non-linear model of ship motion, the differential equations of motion has
the form (2.1). This form has been studied by means of the asymptotic method of non-linear
mechanics {1]. It is can be simulated on computer as shown in Fig. 3:

With this computer aided simulation we can observe all motjons corresponding to the different
real parameters. ‘

1. Influence of the non-linear damping coefficients:

Making change the non-linear damping coeflicients, we see that the term f; in I;he non-linear
characteristic of the spring has a very small influence to the vertical motion, while the damping
term Cg of the angular motion has a considerable influence to this motion.

2. Influence of the length of the rod:

Taking the ratios
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the change of ¢ and £ has a influence to the behaviours of motions. o
- with £= 2.2, ¢ = 0.1: The response curves of displacements Z and ¢ are ploted in Fig. 4

Fig. 8
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Where, the angular displacement ¢ is damped, while the vertical displacement Z has a beat

phenomenon. ) o
Thus, corresponding with the observation in [1], for the case considered this is only the purely

vertical motion.
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- with £ = 1; ¢ = 0.045! the shape of the response curves and the coupling between ¢ and Z
are shown in Fig. 5. Where, both the behaviours ¢(t) and Z(t) have the beat phenomenon.
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3. Coupling between vertical and angular motions:
The coefficient = w/wy has a essential influence on the coupling between vertical and angular
motions. However the coupling between two displacements ¢ and Z is small with

- 1.65<n <2

where (t) is damping oscillation, Z(¢) has the beat phenomenon.
Its behaviours are analogous with those in Fig. 4.
The coupling strongly occurs in the resonant regions, i.e.

2=n<212

The coupling at the resonance (n = 2} is ploted in Fig. 6.
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With n > 2.5, the shape of the response curves is analogous with that in Fig. 5.

4. Others influence of the parameters:

Making change others parameters of the different blocs in the flow diagram on Fig. 3 we can
see on computer screen the direct displays of different motions considered.

Basing on the study in [1] and the computer aided simulation we can observe others phe-
nomenons occured by the strong non-linearity of the system (2.1). Also, we can select the conve-
‘pient paramnieters to occur the desirous motions,

CONCLUSICN

The ship motion is simulated on computer by two models of small vibration and of strong
non-linearity. )

The influences of different parameters are considered and coripared. The experimental results
are in accordance with theoretical ones [1]. With this computer aided simulation we can select the
reel parameters to find the convenient motions. ' :
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MO PHONG TREN MAY VI TINH MO HINH PHI TUYEN
CUA CHUYEN DONG TAU THUY

M6 hinh phi tuyén yéu cho dao déng 14c ngang vi t.h_a"mg ding cia tiu thiy d3 dwge nghién
ciéu bing phwong phép tiém cin cla dao déng phi tuyén [1].

Trong bii niy, mé hinh phi tuyén trén di dwge mé phdng trén may tinh, v&i hai md hinh:
dao déng bé va phi tuyén manh. D3 xét dnh hudng cha cdc théng s8 dén ding digu cha chuyén
-déng. Vé&i sir md phdng ndy, ching ta ¢é thé d& dang thay d6i cic tham s8 vi quan sdt trwc tidp
trén min hinh cic dang chuyén d6ng dbng th&i thing ding vi lic ngang cda tiu.
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