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Recently, ship owners have been requiring the assessment of the maneuverability of twin—screw ships under mechanical failures,

Because this kind of assessment has not yet been conducted, it is necessary to study the types of machinery failures that can

significantly affect the maneuverability of a ship, and to construct a procedure to simulate the maneuvering behavior under such

failures, In this paper, the sole focus is the steering system failure from among the variety of failure types, and the maneuvering

behavior of the ship under the single rudder failure is simulated for an investigation of the unique characteristics, First, the
mathematical model for the twin—screw container ship is verified by comparing the simulated results for the 35 ° turning test, 10
°/10 ° zigzag test, and 20 ° /20 ° zigzag test under the normal operating condition with those obtained from free running model

tests, After the IMO maneuvering tests are additionally simulated under the single rudder failure, the results are reviewed to
investigate the maneuvering characteristics that are due to the failure, Further, the 35° /35" zigzag test and the 35" turning
test are simulated to additionally investigate the effects of the single rudder failure on the steering and turning abilities,

Keywords : Twin—screw(*4=) Maneuverability(ZEA5), Machinery failure(7 |4 &, Single rudder failure(t= E} 1%
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Table 1 Principal particular of the hull, propeller and
rudder of the container ship
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Table 2 Relative ratios between the predicted initial
track reaches under single rudder failure,
and those wunder the normal operating

condition
Fixed angle of PREDICTION
uncontrollable
rudder PORT STBD
-5.0 deg 114% 199%
0.0 deg 142% 141%
5.0 deg 200% 114%
—3.57
o
o
_n_-l -
_/
2.5+ L
'/
N . oS e
/! e
N 24 i
'\.\ i /
vy
?_i--’
Normal
0. —-—u--—- Fixed with -5deg
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0.1 -0.05 "0 .05 0.1
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Fig. 5 Predicted trajectories for the initial turning
tests of the container ship under single
rudder failure

Table 3 Relative ratios between the predicted
advances of the container ship under
single rudder failure at intervals of 10°,
and that under the normal operating

condition
Fixed angle of PREDICTION
uncontrollable
rudder PORT STBD
-30.0 deg 100% 403%
-20.0 deg 107% 205%
-10.0 deg 118% 158%
0.0 deg 135% 133%
10.0 deg 161% 17%
20.0 deg 210% 107%
30.0 deg 434% 100%

Table 4 The relative ratios between the predicted
transfers of the container ship under the
single rudder failure at intervals of 10°, and
that under the normal operating condition

Fixed angle of PREDICTION
uncontrollable
rudder PORT STBD
-30.0 deg 106% 396%
-20.0 deg 120% 262%
-10.0 deg 139% 201%
0.0 deg 165% 163%
10.0 deg 204% 137%
20.0 deg 266% 119%
30.0 deg 387% 105%

Table 5 The relative ratios between the predicted
tactical diameters of the container ship
under the single rudder failure at intervals
of 10°, and that under the normal operating

condition
Fixed angle of PREDICTION
uncontrollable
rudder PORT STBD
-30.0 deg 105% 330%
-20.0 deg 116% 227%
-10.0 deg 131% 179%
0.0 deg 152% 150%
10.0 deg 182% 130%
20.0 deg 230% 115%
30.0 deg 325% 104%

Tables 3, 4, 5= E= EF 17 AEfollA] 35" ME[AIR AlE2
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Fig. 8 Relative ratios between the predicted advances
under single rudder failure at intervals of 1°,
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Fig. 9 Relative ratios between the predicted transfers
under single rudder failure at intervals of 1°,
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Table 6 Predicted 1st and 2nd overshoot angles of
the container ship for the 10°/10° zigzag
tests under single rudder failure

Fixed angle of PREDICTION
uncontrollable
rudder 1st overshoot 2nd overshoot
-5.0 deg 494% 78%
0.0 deg 146% 233%
5.0 deg 52% 549%
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under single rudder failure
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Table 7 Predicted 1st overshoot angles of the
container ship for the 20°/20° zigzag tests
under single rudder failure

Fixed angle of PREDICTION
uncontrollable
rudder 1% overshoot
-10.0 deg 268%
0.0 deg 120%
10.0 deg 57%
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Fig. 12 Time histories of the heading angle of the
container ship for the 20°/20° zigzag tests
under single rudder failure
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