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ABSTRACT

In South Korea, which is surrounded by the sea on three sides, many passenger and car ferries op-
erate around the coasts where there are many islands. Until recently, passenger and car ferries of the
200 gross tonnage (G/T) class were mainly built by small shipbuilding companies. In recent years,
with the improvement of the berth facilities of islands, passenger and car ferries of the 500 G/T class
have been built and operated to improve economic and operational efficiency. The propulsion shaft-
ing system applied to these ships requires a high speed of more than 1500 r/min and more than 1
MW of power for the main engine system, which consists of two engines and two shafts. In South
Korea, D company manufactures and supplies high-speed engines of up to 800 kW depending on
market demand, but domestic brand engines of greater power are still difficult to obtain. Therefore,
main engines are mostly imported and propulsion shafting systems are designed and manufactured ac-
cording to the sales policies and guides of various domestic dealers. Furthermore, due to the high
prices of main engines, ship owners purchase them directly and supply them to shipyards.
Consequently, the overall design of propulsion shafting systems considering torsional vibration is not
being performed. As a result, accidents related to the main engine and shafting system occur fre-
quently because the torsional vibration characteristics of the engine are not fully examined. This
study evaluates the torsional vibration characteristics and safety of three engine models applied to the
propulsion shafting system focusing on the recently increasing number of passenger and car ferries of
the 500 G/T class.
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Fig.1 G/T 500 ton class passenger and car-ferry ship
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Table 1 Specifications of propulsion engines
Model A B C
Ship

size(G/T) 580 400 540
Power 1350x1600 | 1175x1800 | 1340x1940
(kwxr/min)
Bore & 170/190 170/190 155/180
stroke(mm)
Cylinder no. 12 12 12
B"‘nlzoé)mgle 420 60 450
Firing order | 1-5-3-6-2-4 1-5-3-6-2-4 1-4-2-6-3-5
M.O.I. of
damper ring 1.94 5.62 0.45
(kg'm’)
M.O.L. of
flywheel 14.67 14.67 12.72
(kg'm?)
M.O.I. of
propeller 106.4 106.3 75.0
(kg'm?)
Stiffness of
flexible 83.0 88.3 135.0
coupling
(kN-m/rad)
Reduction 0.25 0.219 0.25
ratio of gear
Weight (ton) 6.5 6.5 4.95
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Table2 Natural frequencies of torsional vibration

(cycles/min)
b Model A Model B Model C
of node
1 765.2(720) 778.0 1012.3
2032.5
2 (1680) 1924.9 2655.6
4953.9
3 (5480) 4541.3 4943.9
4 9605.7 10678.4 9891.7
5 13415.1 12511.4 18805.7

() : measurement

Table 3 Phase angle of torsional vibration between
banks (deg.)

Order Model A Model B Model C
0.5 210 30 225
1.5 90 90 45
2.5 30 150 135
35 30 210 135
3 180 180 90
4.5 90 90 135
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