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Abstract — In this study, towing characteristics of damaged ships due to marine accidents are examined. To this
end, a towing simulation was performed using the KIMAPS (KRISO Integrated Multi-body And Positioning Sim-
ulation system) program that can perform a dynamic analysis of the ship. To check the towing characteristics of the
ship, the towed ship, tugboat, and a tow line was numerically modeled. The motion of the towed ship was simu-
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lated by applying the MMG model and the cross-flow model, and the results of the two models were compared.
Although the two models had slightly different motion amplitude and slewing periods in an unstable state, the overall
tendency was the same. The towing performance in a stable state and judgment of towing possibilities were, also,
almost the same. Therefore, it is considered that a relatively simple cross-flow model can be used for emergency
salvage situations from a practical point of view. To replicate the condition of the damaged ship, heel condition was
assumed, and the current load coefficient in that condition was estimated using the commercial CFD program,
StarCCM+. And towing characteristics according to the damaged condition were confirmed. Due to the heel angle,
an asymmetric force occurred, and the unstable motion amplitude and maximum towing line tension increased.
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Table 1. Principle dimensions of KVLCC2
Abbreviation Unit KVLCC2
Length between perpendicular L [m] 320.0
Breadth B [m] 58.0
Draft d [m] 20.8
Displacement volume \% [m?] 312,622
Center of gravity
X from midship X, [m] 11.1
Y from center Yo [m] 0.0
Z from baseline z, [m] 18.66
Center of buoyancy
X from midship Xy [m] 1.1
Y from center Yo [m] 0.0
Z from baseline Z, [m] 11.05
Gyration, transverse K,y [m] 23.2
Gyration, longitudinal kyy, K, [m] 80.0

Fig. 1. Coordinate systems for towing simulation.
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Table 2. Properties of towing lines (ref: OrcaFlex manual [2020])

Type EA [kN]
Nylon, D=100 mm 1,180
3rA A8 23 Polyester, D=100 mm 10,900
Polypropylene, D=100 mm 10,600
_ B Fibre core wire rope, D=30 mm 33,030
A 2= ) .
Wire core wire rope, D=30 mm 36,360
Fr, = F-cosy
Fp, = F-siny
My, = xp-F Fy
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Table 3. Hydrodynamic coefficient for sway velocity
R, Xv Xvv Yv Nvv Nvvv
MMG 0.0220 - 0.040 0.315 0.137 - 0.0300
Cross flow (Heel Odeg) 0.0228 - 0.065 0.371 - -0.0531
Cross flow (Heel 5deg) 0.0206 -0.006 0.083 0.378 -0.0109 -0.0486
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Table 4. Hydrodynamic coefficient for yaw velocity
R, Xrr Yr Yr] Yrrr Nr Nrr Nrrr
MMG 0.0220 0.011 0.083 - 0.008 -0.0490 - -0.01300
Cross flow (Heel Odeg) 0.0228 - 0 - - -0.0633 - -0.00455
Cross flow (Heel Sdeg) 0.0206 - 0 -0.0373 - -0.0595 0 -0.00428
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