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Abstract — The FEM model of a large ship is established to study the vibrations of its propulsion shaft under hull deformation 
excitations. Ships experience fierce motions when sailing in violent seas. As large vessels have develop quickly in recent years, 
interactions between the shaft and hull become more severe than before. Hull deformations excited by severe sea waves can affect 
greatly the propulsion system. This can cause malfunctions of shaft system and threaten seriously the reliability and safety of the 
ship equipment. As a result, many ship owners and governments’ agencies are paying more attention to vessels reliability. 
Investigation into marine propulsion system oscillations with hull deformed excitations is a significant problem to avoid 
malfunction of machine in navigation. Numerical methods are used in this paper to analyze the vibration behavior of large vessels. 
A type of container-8530TEU is taken as an example, the vibration behaviors of the ship propulsion system under the hull 
deformed excitation are investigated. The results of the analysis provide guidance to decrease machinery faults of propulsion 
systems operating in various wave conditions. 
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I. INTRODUCTION 

With the development of ship enlargement and 
economization, more large scale vessels have been built 
since 2000. As is known that ships experience extreme 
motions when travelling in rough seas. For the large vessels, 
the propulsion system are subjected to many severer sea 
loads due to waving and dynamical impacts. Much more 
problems between a propulsion shaft and ship hull arise from 
the larger size of the vessels in rough seas. In 2005, an  
accident statistics report between 1998 and 2004 was 
published by the Swedish Club [1] and the following study 
of the accident statistics report from 2005 to 2011 was 
published in 2012 [2]. The following Figure 1 are showing a 
comparison between these two statistical results during these 
two period. 

 

 
Figure 1  H&M claim comparisons between those two periods 

From the Figure 1, it can be seen that accidents caused by 
the machinery malfunctions occupy most part of all 
malfunctions and have an obvious rise in the second period 
which means the cost of repair the malfunctions are huge for 
the companies. Therefore, for the researchers, investigations 
on propulsion system to avoid more damages are very 
necessary. Vibrations impact the safety performance of 
propulsion system greatly. Andrzej [3] studies the dynamic 
behavior of a ship shaft line by analyze a simplified shaft 
model and some experimental test. Gaute [4] focuses on the 
excitation sources which could cause the global wave 
induced the ship hull deformations. Murawski [5] has done 
lots of studies about the axial vibrations of a propulsion 
system considering the coupling and boundary conditions. 
Low and Lim [6] present an approach to determine the 
changing displacement of the propulsion shaft due to the hull 
deflection. Shi [7] does some shaft alignment researches 
through the numerical simulations. Figureari [8] studies the 
dynamic behavior of marine propulsion based on numerical 
simulation which is mainly used to matching engine-
propulsion. Tian [9] used a numerical two-dimensional 
model of large ship propulsion-hull coupling system to 
analyze the dynamic interactions of ship propulsion system 
and hull. Although the vibrations of propulsion system have 
been investigated by lots of researches, the propulsion taking 
the hull deformation consideration are studied rarely. This 
paper mainly researches the vibration behaviors of a kind 
propulsion shaft system with hull deformed excitations. 
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II. MODEL ESTABLISHMENT 
As is known that it is always hard to do experimental 

tests on real ship, the numerical methods becomes an 
effective way to analyze some key problems on the large 
vessels. In generally, the finite element method is widely 
used as numerical simulation to do some calculations. In this 
paper, an example of a kind real ship (8530TEU [10], Figure 
2.) was taken to establish the finite element model. Table 1 
shows some key parameters of the 8530TEU container ship 
and Table 2 shows some key parameters of the propulsion 
system of the 8530TEU container.  

 

 
Figure 2   8530TEU real ship 

TABLE I.  PARAMETERS OF THE 8530TEU SHIP 

Parameters Value Unit
Length Overall 335.00 m

Length between 
Perpendiculars 

320.00 m 

Breadth mld 42.80 m
Depth mld 24.80 m

Scantling Draught 14.65 m
Deadweight 101,000 t

TABLE II.  PARAMETERS OF 8530TEU PROPULSION SHAFT SYSTEM 

Parameters  Value  Unit 
Length L 49.28 m 

 Diameter D 1.40 m 
1# bearing stiffness  9.80×108 N/m 
2# bearing stiffness 9.80×108 N/m 
3# bearing stiffness 9.80×108 N/m 
4# bearing stiffness 9.80×108 N/m 
5# bearing stiffness 9.80×108 N/m 

 
The FEM model of 8530TEU with propulsion system is 

shown in Figure 3. The FEM model of 8530TEU contains 
210589 elements and 158415 nodes [11]. When calculating 
the ship hull load, the propulsion system is always regards as 
isolated part from the ship’s hull. In the Figure 4, a three 
dimensional propulsion-bearing system FEM numerical 
model including a propeller, one stern shaft, three 
intermediate shafts, two stern bearings and three intermediate 
bearings is constructed. The bearings are comprised by 
combin14 elements of which damping and stiffness values 
may differ by several orders of magnitude. Because of low 
initial loading and low rotational speed (less than 104 rpm) 
， no gyroscopic effects are exist in the system [12]. 

 
Figure 3  The FEM model of 8530TEU  

 

 

Figure 4  Propulsion system with bearings. 

 

The shaft model involves 29960 solid elements and 
24051 nodes in all. Basically, due to the ship hull deformed 
effects， propulsion system would always generate axial, 
torsional and bending vibrations. A static method adopted by 
most of ship classification institutions are always used to do 
some calculations of the shafts. In this paper, we mainly 
focuses on the transverse dynamic vibration of the shaft 
excited by the hull deformations.  

A. MODE OF THE SHIP 

For theoretical analysis, ship hull is always simplified as 
beam structure to do calculations. The dynamic equation for 
ship hull beam are shown as follows. 

4 2

4 2

( , ) ( , )v y t v y t
EI F

y t
 

 
 

                    (1) 

where EI denotes the bending stiffness of hull beam ,  is 
the mass density per unit length of the beam, F is the forces. 
Based on Ref. [13], the solution of the equation is obtained 
as shown. 

)()(),( tzytyv iii                                (2) 
where )(tzi  denotes the generalized coordinate and )(yi  

represents the mode function. 
   When the 8530TEU container is floating on the static 

water, the boundary conditions can be seen as free-free ones.  
0)0(   0)0(                             (3) 

0)(  l   0)(  l                             (4)  
where l is the hull length overall. Though the theoretical 

equations and boundary conditions are given above, the FEM 
model of the real ship is a complicated structure with 
variable cross sections and masses.  The software ANSYS 
provides a convenient way to solve the modal of the ship hull 
structure. The natural modal shapes of 8530TEU without 
propulsion are shown in Figure 5 and the natural modal 
shapes of coupled 8530TEU system are shown in Figure 6. 
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TABLE III.  THE NATURAL FREQUENCIES COMPARISON. 

Orders 
Frequencies(Hz) 

ship hull without propulsion 
Frequencies(Hz) 

the coupled ship system 
 1  0.45078×10-5 0.36003×10-5 
 2   2.7158   2.6931 
 3   4.7163 4.6953 
 4   6.7851       6.7954 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 5   The modes of the ship hull excluding propulsion system 

 

 
(a) 

 
(b) 

 
 (c) 

 
(d) 

Figure 6   The modes of the integrated ship system 

Compared the natural frequencies of ship hull excluding 
propulsion system and the integrated ship system in Table 3, 
frequencies are different. It is because the propulsion system 
mounted on the ship hull through the bearings, inherent 
characteristic of the ship structures could be changed. 
Obviously, adding the propulsion to ship alters the stiffness 
of the ship and the mass distributions. Comparison between 
the 4th order of modal shapes in Figure 6 and that in Figure 5 
shows that the amplitudes of the ship displacements are quite 
different. As a result, the propulsion system has grate effects 
on the ship system. Besides, changes in ship hull structure 
would also influence propulsion’s normal operations. 
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III. SHIP EXCITATIONS 

When wave loads from different directions act on the 
ship hull to generate deformations, shaft would also receive 
some indirect excitations through the bearings. Some 
assumptions are done to analyze the transverse vibration of 
the propulsion system. 2-dimensional domain is limited in 
this paper to study the transverse vibrations. 

Some critical cases for the vessel 8530TEU operating in 
the sea waves are given in Table 3. Based on the Hooke's 
law, hull deformations on the shaft bearings could be 
transformed into forces. Therefore, in Table 3, the 
deformations are described as the forces on each bearing. 

IV. DYNAMIC BEHAVIORS ANALYSIS 

Figure 7 shows the dynamic responses of the shaft on the 
stern bearing positon with two typical cases. It can be seen 
that when the ship sails in the condition of case 2, the 
propulsion could have a strong vibrations. Once the excited 
force frequencies is around the natural frequencies of 

propulsion system, the displacement of the propulsion would 
reach to the peak. For the transverse vibration of the 
propulsion taking the hull deformation into account, the 
wave direction plays an important role. The displacement of 
the propulsion operating in wave direction 180°is much 
larger than that operating in wave direction 90°. 
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Figure 7   The comparison on dynamic responses of the shaft between case 

1 and case 2 

TABLE IV.  PARAMETERS OF SOME TYPICAL CASES 

Case 
Wave 

direction 
(°) 

Wave 
height 

(m) 

Wave 
frequency 

(rad/s) 

Amplitude of 
forces on 

bearing K1 
(N) 

Amplitude of 
forces on bearing 

K2 
(N) 

Amplitude of 
forces on 

bearing K3 
(N) 

Amplitude of 
forces on 

bearing K4 
(N) 

Amplitude of 
forces on bearing 

K5 
(N) 

Case 
1 

90 5 1 1.02 ×106 1.96×105   0.99×104 1.45×105    1.21×105 

Case 
2 

180 5 1 9.86×105 1.38×106 1.41×106 1.62×106 1.43×106 

Case 
3 

90 3.2 1 2.49×106 2.15×105     31196 1.71×105 1.44×105 
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Figure 8  The comparison on dynamic responses of the shaft between case 

1 and case 3. 

 
Figure 8 illustrates the dynamic responses of the shaft on 

the stern bearing positon when ship sails in the condition of 
case 1 and case 2. It can be seen that the wave heights also 
have effect on the transverse vibration of the propulsion. 
With the wave height increasing, the vibration displacement 
of the propulsion will increase. For the 8530TEU model, 
when the excited force frequency is around 8.7 Hz, the 
vibration of the propulsion will reach to the peak.  
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Figure 9. The dynamic responses of the shaft on different position in case 

3. 
 

Figure 9 presents the dynamic responses of the shaft on 
the five bearing positons when ship sails in the case 3. It can 
be seen that for the propulsion on the five bearing positons, 
great vibrations occur among the frequencies range from 6 
Hz to 10 Hz. Displacements of the propulsion on the 1# stern 
bearing is always larger than that on other positions. It is 
because the propeller has great mass and inertia for the 
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propulsion near the 1# stern bearing. With the inertia of the 
propeller, the displacement of propulsion on the stern 
position could easily exceed its allowance value. 

The large-scale ship hull is very easy deformed by the 
wave loadings because of its thin-walled construction. 

In the conditions of the wave cases, if the ship hull 
deformed frequencies close to the frequencies analyzed 
above, it is very necessary to strengthen monitoring avoid the 
propulsion’s harmful vibrations exceeding the maximum 
allowed oscillating value in order to keep a safety 
environment for the ship operations. 

 

V. CONCLUSIONS 

This study states a dynamic transverse vibration behavior 
of the propulsion shaft taking account of hull deformations. 
Based on AYSYS FEA software, a coupling ship system is 
constituted by installing a propulsion on the hull of the 
8530TEU. In this paper, the main purpose is studying the 
transverse vibration of propulsion excited by ship hull 
deformations. Some typical wave conditions are used to 
study the lateral oscillation of the propulsion system in the 
operation. By means of the results analysis, appropriate 
methods of propulsion controlling are required to decrease 
the vibrations which would avoid the ship hull deformations’ 
negative effects and improve the operation performance. 
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