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A Study on the Effects of High-lift Rudder on Ship’s Maneuverability
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Abstract : Recently, a vessel’s maneuvering performance Is considered to be an important subject as marine pollution fom the ships that
stranded on a rock becomes more severe. So, IMO(International maritime organization) has adopted Resolution MSC137 to enhance
international standards of ship’s maneuverability. There’s more than one way to improve ship’s maneuverability. This research locused on
improving ship’s maneuverability by high-lift rudder. To predict the maneuverability, the numerical simulation model was used. The
evaluation of maneuverability was carried out by turning test and zig-zag test. The results obtained with these simulation showed that the
high-Tift rudder would be eflective in improving the turning ability of the ship. But it was clarified that there was a possibility that course
changing ability might become bad through an increase of rudder lifi

Key Words : A vessel’s maneuvering performance, The evaluation of maneuverability, The numerical simulation, Turning test, Zig-Zag test
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Table 1. Principal particulars of ship

Length overall (Z,,) 171.80 (m)
Length between perpendiculars(Z,,) 160.93 (m)
Maximum beam ( B ) 2317 (m)
Design draft ( T ) 823 (m)
Design displacement (V) 18541(m*)
Design speed (ug) 15 (knots}

Aol 2F$EHAY xgd FAE UAF #e
PMM(Planar Motion Mechanism)A1®, 37 % (Rotaing Arm)
A1¥ 2 CMT(Circular Motion Test) 5& %3l 78 4 I
o, B A5el e Chislett® Strom-Teisendl) £j8 F8=H
Mainer Class Vessel®] PMMAIE & E o]&3712 d9lx,
PMM Algel oja el A riAs2 g Table 29
Jeh ¢ cHFossen, 1994).

Table 2. Non-dimensional hydrodynamic coefficients for the
mariner class vessel (multiplied by 10°)

X~-equation Y-equation N-equation

, Y, =-154 N, = B
Koo =80 ¥, = 9 N = -
X, = -1 Yy, =-160 N = -4
X, = -0 Y, = -4%9 N = -166
X, = -215 Y, = -8078 N, = 1636
X, —=-89 Y, = 1536 N, = -5483
X, = 18 Y,  =-1160 N, = -24
Xy =% | Y =49 N = 166
X5 =190 Yy = 28 N = -139
X, = %8 Yiss' 20 Ny = 4
X; = 9 Y, = 56 N =-28
X5 = 9B Yous = 208 N, =-139
Ys = 4 Noss 13

Y =190 Nous 489

w o= 4 M = 3

v, = -8 nm, = 6

Youu, = “4 ‘Nouu, - 3
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Fig. 2. Numerical simulation model.
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Fig. 4. Simplified diagram of the rudder control loop.
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Table 3. Condition of numerical simulation

Simulation total time 700 sec
Rudder turn rate 2.34 deg/s
Action time of rudder angle command 100 sec
(case of turning test)
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Fig. 6. Trajectories of 35° starboard turn.

Table 4. Turning parameters
Indices 35° Starboard tum | 35° Port turn %i Mo \ ............ |
A e 8L A I N
Tactical diameter | 7.39L 780L o . - T
G S :

Fig. 10. Time history of speed for 35° starboard turning.
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Table 5. Overshoot angles from zig—zag tests

First overshoot angle | Second overshoot angle

-10°/-10° 498 447

-20°/-20° 784 6.25
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Fig. 19. Port turning test of mariner class vessel
considering lift growth.
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Fig. 20. Starboard tuming test of mariner class vessel
considering lift growth.

Table 6. Advance and tactical diameter by advanced lift

35° Port turning | 35° Starboard turning
Life Tactical Tactical
Advance diameter Advance diameter
0% | 43L | 780L | 303L 739L
0% | 398L | 734L | 286L 69L
0% | 372L | 698L | 267L 6671
60% | 350L | 672L | 253L 6421

Heading Angle (deg.)
L]

700

Fig. 21. -10°/-10° zig-zag test of mariner class vessel
considering advanced lift.
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Table 7. Overshoot angles by advanced lift
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Second
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angle
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