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Predicting ship manoeuvrability is attracting widespread interest in the field of analyzing maritime accident to simulate a highly
accurate track of a ship in abnormal accident situations, This study investigated the manoeuvrability of a ship in abnormally
heeled condition, Free Running Model Tests (FRMT) with 1/65.83 scaled KCS (KRISO container ship) were conducted in three
heeled conditions; 35  turning circle tests and 20/20 zigzag manoeuvring tests were conducted in 0° | —10° , and —20°
conditions, The test results showed that the heeled to port condition significantly affected starboard turning and zigzag
characteristics; the tactical diameters in the turning circle tests decreased, and the first overshoot angles in the zigzag tests
increased when the ship was in the larger heeled condition, These results indicate that the roll angle of the ship considerably
affects yaw rate and speed decrease of the ship, The turning and zigzag indices from trajectory and navigation data in the study
were provided for benchmark data sets,
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Fig. 1 Attitude of ships from relation of center of gravity
and center of buoyancy
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Table 1 Principal dimensions of KCS

ltem Full-scale Model-scale
Scale 1 1/65.833
Lpp(m) 230.0 3.494
GM(m) 0.6 0.009(-0.8%)
Kzz(L) 0.25 0.21(=17.5%)
Kxx(B) 0.40 0.40(0.3%)
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Fig. 2 KCS model ship
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Fig. 3 Free running model test manager
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Table 2 Free running model test cases

[tem Details Heel angle
Speed-RPS relation 0°
. 0°
Speed test PD gains & ~10°
Neutral rudder angle .
for straight line 15
g —20°
+35° STBD turning o
Turning circle test ~35° PORT turning —10o
-20
. . 0°
Zigzag +20/20 zigzag _10°
manoeuvring test -20/20 zigzag _o0°
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Table 3 Relations of speed and propeller RPS

ltem RPS Speed(m/s) | Heel angle(®)
13.19 1.251 0
Speed test 13.19 1.233 -10
13.19 1.169 =20
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Fig. 4 Coordinate system for FRMT
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Fig. 5 Neutral rudder angle and yaw rate at 0° rudder angle
in four heeled conditions
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Fig. 6 Waterplanes of KCS in four heeled conditions
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Fig. 7 +35° STBD turning test in 0° heeled condition
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Fig. 8 +35° STBD turning test in —10° heeled condition
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Fig. 9 +35° STBD turning test in —20° heeled condition
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Fig. 10 =35° PORT turning test in 0° heeled condition
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Fig. 12 —=35° PORT turning test in =20° heeled condition
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Fig. 13 +20/20 zigzag test in 0° heeled condition

Fig. 15 +20/20 zigzag test in —20° heeled condition
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£, 2 £ P Advancel(L) 2.86 | 3.06 | 2.89
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; ® s == g | Tactical diameter(L) 275 | 3.09 | 2.94
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5 1 Index |Maximum yaw rate(°/s) [-10.49| -9.67 | -9.23
4 S0 _9_;3375351\/2/”\ 0 Final yaw rate(°/s) =7.74 | =7.46 | -7.79
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1 % 0 0@
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@ A AN \ [
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Heel angle(") S Il I B 1 L
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Time to reach Ad(s) 11.52 ] 10.68 | 10.32 Fig. 19 +35° STBD turning tests data
Tactical diameter(L) 2.92 | 2.44 | 2.09 _ o o
: i =olMet 20| 35 PHME| Zok= = HEAPEAHE
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o = A ols = oy 3 4
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