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ABSTRACT  

 Starting with the initial design phase, the knowledge of the ship manoeuvring perform-

ance is an important problem. One of the methods to evaluate the manoeuvring character-

istics is based on the  time domain simulation of the standard manoeuvring tests. A typical 

mathematical model that may be used to determine the manoeuvring characteristics of the 

ships is presented in this paper. 
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1. INTRODUCTION 

The knowledge of the ship manoeuvring 

performance is an important problem, start-

ing with the initial design phase ([3], [5]).  

The ship manoeuvring concept com-

prises [2]: course keeping, manoeuvring and 

speed changing (including ship stopping). 

Ussualy, the ship manoeuvring perform-

ance can be evaluated on the basis of the 

time domain simulation of the standard ma-

noeuvring tests ([1], [3], [4]). In this case, a 

mathematical model of the ship motion in 

horizontal plane must be developed and the 

total forces and moments acting on the hull 

must be calculated.  

Two distinct groups of the control de-

vices can be defined in order to control the 

ship motion in waterline plane: 

 Active control devices use the 

own energy (propelllers, thrust-

ers, steering nozzles); 

 Passive control devices absorbe 

the water energy from the pro-

peller race (rudders). 

The control devices produce the control 

forces and moments acting on the ship.  

 At the same time, the hydrodynamics 

(reactions) forces and moments due to the 

ship motions are generated. The total exter-

nal forces and moments include both the con-

trol and the hydrodynamics forces and mo-

ments. 

In order to study the ship motion of a 

rigid body with six degree of freedom, the 

deep, unrestricted and calm water assump-

tions are considered.  

Fig.1 [4] shows the fixed reference sys-

tem O0x0y0z0 and also the moving reference 

system Oxyz, attached to the ship. 

The origin O of the fixed coordinate sys-

tem is considered at the midship section, on 

the symmetry plane (Oxz).  

The velocity vector 0v (u,v,w) is tangent 

to the ship trajectory, the angular speed is 

noted with ω (p,q,r) and the coordinates of 

the center of gravity are G(xG,yG,zG).  

The heeding angle ψ refers to the direc-

tion of the ship’s longitudinal axis Ox with 

respect to the fixed axix O0x0. Also, the drift 

angle β refers to the direction of the ship’s 

longitudinal axis Ox with respect to the di-

rection of the velocity vector 0v .  
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The components of the total external 

forces and moments are noted with F (X, Y, 

Z) and 
tM (K, M, N) respectively. 

 
Fig. 1. Reference systems 

 

The general problem of the ship motion 

equations with six degree of freedom is de-

veloped in the next chapter. 

2. SHIP MOTION EQUATIONS 

The ship motion of a body with six de-

gree of freedom may be determined on the 

basis of linear and angular momentum theo-

rems [6]. 

For N number of small particles with 

mass mi and speed iv , the linear momentum 

theorem may be written under the following 

form 
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where iF is the total external force acting on 

the particle i. The speed iv has the expression 

ii rvv ×+= ω0
 (2) 

where ir (xi,yi,zi) is the vector radius of the 

particle i. 

Using the relation (2), the equation (1) 
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where 
=
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i

imm
1

is the ship mass.  

If Gr (xG,yG,zG) is the vector radius of 

the centre of gravity and the next relation is 

considered 
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On the basis of the next forms of the 

vector products and triple vector product  
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the resulting three linear momentum equa-

tions may be obtained 
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The angular momentum theorem may be 

written under the form 
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where iM is the total external moment acting 

on the particle i.  

On the basis of successive transforma-

tions, the following expressions may be ob-

tained 
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 The following vector products and triple 

vector products may be developed 
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On the basis of the matrix components 

of the ship mechanical inertia moments, de-

fined by using the following relations 
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the next equivalent forms may be obtained 
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 As a consequence, the resulting three 

angular momentum equations may be deter-

mined 
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 The relations (10) and (24) constitute 

the differential equations system of the ship 

motion with six degree of freedom ([3], [6]).  

3. SHIP MOTION IN HORIZONTAL 

PLANE 

In the particular case of the ship ma-

noeuvring in horizontal plane, only the surge, 

sway, yaw and sometimes the roll motion can 

be considered.  

As a consequence, neglecting the cross-

inertia terms and assuming the ship symme-

try related to the centerline plane, the follow-
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ing form of the ship motion equations may be 

written [3] 
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A simplified form [3] may be obtained 

by neglecting both the roll motion influence 

(K=p=0) and the small terms of second order 
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The most important problem is to deter-

mine the forces (X,Y) and the yaw moment 

(N) acting on the rigid body during the ma-

noeuvring tests. 

The external forces and moments repre-

sent the sum of the control (Xc, Yc, Nc) and 

the hydrodynamics (Xrh, Yrh, Nrh) forces and 

moments 

     

rhc

rhc

rhc

NNN

YYY

XXX

+=
+=

+=
   

(27) 

 

The control forces and moments depend 

by the rudder deflection angle δ 
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The hydrodynamics forces and moments 

depend by the speed (u,v), angular speed (r), 

acceleration ( u& , v& ) and angular acceleration 

( r& ) components 
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By using the Taylor series expansion and 

determining the hydrodynamics derivatives, 

the total external forces and moments may be 

obtained.  

In the case of a linear hydrodynamic 

model, the following form of the ship motion 

equations may be written [3] 
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where U is the ship speed. 

Complex forms of the ship motion equa-

tions may be obtained in the case of the non-

linear hydrodynamics models.              

4. CONCLUDING REMARKS 

Starting with the initial design phase, the 

estimation of the ship manoeuvring perform-

ance is an important issue.  

The ship manoeuvring performance can 

be determined on the basis of the time do-

main simulation of the standard manoeuvring 

tests.  

In this paper, a mathematical model of 

the ship motion in horizontal plane was de-

veloped. The evaluation of the external forc-

es and moments acting on the hull is the most 

important problem, which may be realised by 

using Taylor series expansion and hydrody-

namics derivatives computation. 

Practical evaluations of the ship ma-

noeuvring characteristics may be performed 

on the basis of the mathematical model de-

veloped in this paper. 
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