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The Effect of Loading Conditions on Ship Vibration Characteristics

K.C. Kim*, M.K. Kwak**, H.M. Kim**

Abstract

The loading condition, of a ship, especially a multi-purpose cargo carrier, in service, is often
changed. Then, the prediction of natural frequency changes is necessary to provide measures for
prevention of ship vibrations.

In this paper a simplified method for the above purpose is presented. The bases of the method
are analytical solutions for lateral vibrations of uniform Timoshenko beams carrying a cocentrated
mass and the Dunkerley’s formula. In this method a ship in the standard ballast condition is
reduced to a uniform Timoshenko beam having same system parameters as those of the midship
section.

To investigate the validity of the proposed method, numerical calculations are carried out for
a 46,000 DWT bulk carrier and compared with detailed calculations based on the finite difference
method. Even in cases those the cargoes in a hold, length of which is about 13% of the ship’s
length, are reduced to a concentrated mass, the proposed method gives results of several percent

differences from the detailed calculations up to the six-noded mode.
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Table 1. Principal particulars of the bulk carrier
M/S Ocean Ever adopted for numerical

calculations.

Length overall 224.16 m
Length between perpendiculars 215.00 m
Breadth(mld.? 32.00m
Depth (mld.) 15. 16 m
Draft (design) 10.52m
Deadweight 46, 000 tons
Service speed 14.7 kts
Main Engine Diesel, 10, 665 bhpx 131 rpm
Propeller 4 blades
Ballast condition

Draft 5.90 m

Displacement 31, 000 tons
Full load condition

Draft 10.55 m

Displacement 58, 000 tons
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Fig. 1. Hold arrangement and system parameters of
the ship adopted for numerical calculations.

Table 2. Results of numerical calculations: natural frequencies in Hz.

Case ‘ 4 T Nodes L
Loading condition 2 5 6

no. Calc. method\ !
0 Standard ballast FDMY 0.8l | L72 { 2. 66 3.55 4.47
1 Heavy water ballast in FDM 0.75 1.67 2.44 3.38 4.17
No. 4 hold(11, 270 tons)? Eq.(12) 0.76 172 2.39 3.55 4.05
5 Cargo in No. 3 & No. 5 FDM 0.75 1.51 2.48 3.15 4,01
| hold(7733.9+7689.5 tons)® | Eq.(12) 0.77 1.56 2.64 3.09 4.21
3 Cargo in No. 2 & No. 5 FDM 0.78 1.57 | 2.49 3.29 4.15
hold(4214. 3+7689.5 tons)® | Eq.(12) 0.79 1.59 ! 2.56 3.28 4.28

b Finite Difference Method

3 Hold length 27.72 m each, two concentrated mass
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Fig. 2. Numerical differences between the results
obtained from Eq.(12) and those from FDM

calculations: Eq. (lF.“Z]))MFDM x100(%)
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