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Abstract. The work investigates the bearing piece boundary conditions 
influence on the shaft line operating state, with respect to elastic properties 
of stern-tube bearings. It is noted that the shaft line is a part of the ship's 
power plant and it is a shaft system, located on the same axis. Performance 
criterion is the deflection of the concentrated load in the design scheme`s 
action point, modeling the propeller`s weight, bearing parts reactions and 
the natural frequency of linear lateral oscillations. The design scheme itself 
is a beam, resting on two elastic supports with a k stiffness factor, with 
concentrated load acting on the one end and three variants of the boundary 
conditions: pinched, hinged and sliding supports on another one. The 
results of calculations are given for different boundary conditions and the 
stiffness factors of elastic supports. The diagram of natural frequencies of 
linear lateral oscillations of ship`s shafting line is presented.  

1 Introduction 

Shaft line is a part of the ship's power plant and it is a shaft system, located on the same 
axis. It is designed to transmit torsion moment from the engine to the ship`s propeller and 
the axial force perception from propeller to the ship's hull. There are a number of constant, 
variable and random loads acting on the ship`s shaft line while in operation [1, 2]. Loads 
arise from propeller`s, engine`s sides and in case of shafting line itself and its auxiliary 
mechanisms operating conditions failure. There were cases when the shafting line increased 
vibration caused cracks in the ship`s aft part elements [3]. Therefore, the uninterrupted and 
reliable shaft line operation is an actual problem nowadays. It can be proved by the large 
number of publications worldwide [4-10]. 

In the shaft lines design, static and dynamic calculations are performed to determine 
deformations and stresses from bending in sections, loads on its supports, and determine the 
main parameters of torsion, longitudinal and transverse vibrations. In the static calculations 
the shaft line in the design scheme is considered as a beam, that rests on hinged supports 
and loaded with a distributed load. The distributed load simulates the entire shaft line and 
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can be either constant or step-variable along the length. There is a concentrated load, that 
simulates the propeller`s weight at one end of the beam, pinched supporting pier on another 
one. In many works [3, 4, 11-13] related to the shaft line calculus, it is attempted to get 
away from the standard design scheme and resort to the necessary changes: 

- pivot bearings, modeling stern tube bearings are replaced with elastic bearings or an 
elastic base (Winkler`s model);

- the pinched support at the beam`s end is replaced by a hinged-fixed support;
- when calculating a beam on elastic supports, the 5 moments equation is used;
- when calculating transverse vibrations, only the stern part of the ship is taken into 

account, since it is the most loaded part of ship`s shaft line and has the lowest natural 
frequency.  The propeller shaft section includes the propeller, the propeller shaft console, 
the stern tube bearing, the propeller shaft nose or part of the intermediate shaft (depending 
on the shafting design).

2 Materials and methods

For the boundary conditions influence assessment, with the elastic properties of stern tube 
bearings taken into account, let us consider the shafting line design schemes, shown in 
Figure 1.  

a) design model with the pinched support at the beam`s end.

b) a design model with a hinge-fixed support at the beam`s end.
       

c) a design model with a sliding support at the beam`s end.

Fig. 1. Ship`s shafting line design diagram.
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To determine the beam`s deflection at the concentrated force application point, we will 
use the beam`s curved axis universal equation, written according to the initial parameters 
method [14]:

 (1) 

where: Vz - deflection of the beam`s arbitrary section; V0, φ0 - initial parameters 
(deflection and section rotation angle at the origin); EJx - the beam`s bending stiffness; a, b, 
d - distances from the origin to sections, where external loads are applied; z - section`s 
coordinate, the deflection of which is determined. 

The essence of this method is that for a characteristic set of partial loads, the general 
integral of the deflection line differential equation is constructed as a set of corresponding 
particular solutions. Moreover, the deflection, rotation angle, the moment and the shear 
force are chosen as arbitrary constants at the origin of the common coordinate system. The 
solution is presented as general formula for an arbitrary n-th section of the bar, which is 
called an universal formula. We consider that with support sections Vi downward positive 
motion, the reaction of the i-th elastic support Ri is directed upwards and is equal to [5]:

      (2) 

The pillar`s boundary conditions at the beam`s end at C point are presented in table 1.

Table 1. Boundary conditions at the beam`s end at C point. 

Boundary condition 
parameter

Kind of pillars at the beam`s end
Pinched Pinched

Deflection 0 Deflection 0
Rotation angle 0 Rotation angle 0
Bending moment Мс≠0 Bending moment Мс≠0
Shear force Qс≠0 Shear force Qс≠0

The written equation of deflections (2) in full form has six unknown parameters: 
deflection V(0), angle of rotation of the section φ(0), bending moment M(0), transverse 
force Q(0) at the origin, and two reactions on elastic  supports RА, RВ.  Based on the 
boundary conditions, we compose a system of four homogeneous equations:

- for the design scheme shown in Figure 1 a:

   (3) 

- for the design scheme shown in Figure 1 b:
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(4) 

- for the design scheme shown in Figure 1 c:

 

(5) 

3 Results

For a comparative analysis of the boundary conditions influence on the shafting line 
reliability, let us consider design schemes with numerical parameter values: beam diameter 
d = 120 mm; screw weight P = 4100 N; length of the entire shaft L = 3 m; console length 
l1= 0,5 m; span length l2= m; span length l3= m; distributed load q = 870 N / m.  The 
stiffness factor of two elastic supports varied in range from 1·106 N/m to 1·1010 N/m. The 
calculation determined the values of the elastic supports reaction coefficient and the beam`s 
deflection at the concentrated load point of action:

Table 2. Determination of reaction forces in supports and beam deflection under different boundary 
conditions. 

Design 
model 

parameters

Design 
scheme 
option

Stiffness factor K, N/m

1·106 1·106

R1, N
I 4411,12 R1, N I 4411,12 R1, N
II 5463,16 II 5463,16
III 4624,58 III 4624,58

R2, N
I 1103,04 R2, N I 1103,04 R2, N
II 2132,02 II 2132,02
III 2056,18 III 2056,18

R3, N
I 1166,6 R3, N I 1166,6 R3, N
II -914,42 II -914,42
III 0 III 0

V0, mm
I 6,12 V0, mm I 6,12 V0, mm
II 7,1 II 7,1
III 6,03 III 6,03

The transverse vibrations natural frequency expression with one degree of freedom, 
with respect to the beam`s deflection from the load given, has the form [14]:
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(6) 

Lateral oscillations calculation allows you to check the ship`s shafting supports 
location, the length and selection of stern tube bearings elastic properties, their number, as 
well as mass and dimensions of the propeller. The ship`s shafting line lateral vibrations 
natural frequency value is affected by deflection parameter V0 at the propeller`s attachment 
point [15, 16]. The greater deflection, the lower the shaft`s linear (6) transverse vibrations 
natural frequency.

Fig. 2. Diagram of transverse vibrations natural frequency. 1 - Figure 1 a; 2- Figure 1 b; 3- Figure 1 c.

Based on the obtained results, it is possible to make a conclusion that fastening method 
has a significant effect on the shafting strength parameters. A rigidly terminated shaft has 
the highest natural frequency and the sliding bearing the lowest one. Stiffness factor 
decreasing doesn`t affect much on the stern tube bearing stiffness, which depends on stern 
tube bearing bushings, as well as shaft line misalignment and transverse vibrations natural 
frequency don`t change significantly.

4 Conclusion

When designing ship shafting lines, it is considered that it`s possible to use precisely the 
hinge support at the beam`s end in the design scheme. This will increase the shafting line`s 
and the entire ship power plant`s strength parameters. The rigidity and resistance of the 
ship`s shafting and its auxiliary elements to the action of dynamic and random loads on 
them increases. The results of the study will find application in the calculations of ship 
shafting for transverse and parametric vibrations.
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