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ABSTRACT : A rudder roll control system is developed and analyzed to control yawing and rolling motion of ship in irregular
waves. The 4-DOF maneuvering equations of motion are derived to carry out the simulation of the motion of a ship and the wave
forces are considered as the external forces of a ship in the simulation. The wave forces in the time domain analysis are generated
from the frequency transfer function calculated by 3-D source distribution method. The rudder roll control system is developed by
linear combination of PD rudder controllers of yawing and rolling motion. Rudder rate speed and Schilling rudder are considered
to increase roll reduction efficiency.

KEY WORDS : rudder roll control system, irregular wave forces, rudder rate speed, schilling rudder, roll reduction efficiency
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Fig. 1 Coordinate System
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Fig. 2 Plans and Meshes for Model ship
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Table 1 Principal Dimensions of Ship & Model

SR-108 Ship Model
Length BP. (m) 175.0 30
Breadth (m) 254 0435
Mean Draft (m) 85 0.146
Displacement Volume (m3) 21222.0 0.10686
Block Coefficient 0.559
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Fig. 3 Irregular Wave profile (H, 4: 0.06m, 7: 3sec)
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Fig. 4 Directional Frequency Transfer Function (1st order)
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Fig. 5 Motion of ship before the RRCS control
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Fig. 6 Performance of RRCS, with 6,, = 22.9 [deg/sec]
(The RRCS is turned on after 500 [sec])
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Fig. 7 Performance of RRCS, with 6, = 30.6 [deg/sec)
(The RRCS is turned on after 500 [sec])
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Fig. 8 Performance of RRCS, with 6, = 38.2 [deg/sec]
(The RRCS is turned on after 500 [secl)

A Eeold A, A} 8 74 24717, B8 AR 4532 %
2 ZEEEE S7PIRl ot H8 Aojago] HA FHH
T A3 2o, AFE8 F7H0 27684 %= ZEle] 23
AFF 8 AojEgo] olr e B & 9tk

54 Et ZRe P

A Ed ool A4tsle B2 (Rudder Force)d FHATT
vl(Gradient of lift coefficient; f)& 4] (14) ¢} Zo] 1.3 uid}

o], Schilling rudderd ElEE ARFSIATHDNV 1935
Hasegawa et al,, 2004).
f,=13f, (14)

Fig. 9 °lAd, 4 (14) & Al&sld Elel #FE Schilling
rudder® 31, 8, = 22.9 [deg/sec]d 7%, RRCSE X &3}
A &2 Azl 43 A nusi

of A%, Al Yo 7 3197, F2 FAFE 419 %, A
TEL FIFES 27179 %olth Schilling rudderg &34
e Ao val P8 B2F Y AL AolLgel 71
gou, AY 38 e I A ¥ £ 9w



<Ruddet angle of ship>

3

A o i

Rudder angla [deg]
-

3

Rdll engle fdeg)

sln 600
< Heading angle of ship >

5 ?
|- S S PN WL N .Y )\Wﬁf#‘ 4 hN\A\‘
b= H
i AYAYE W
Ty
o 00 E ET) w0 %0 70 acn %0 10
Titne [sec)

- < Rudder angie of ship >
g,
e
B A e hinn
§ i P
g™ i

(] 100

@ T
g‘m i g
30
3 h
E
X H]

0w

_ < Hending sngte of ship >
= T 7 T
£ ; :
4 H H
30 VO SO POV NV SO U Y R P NI
o YA WS VI\| 14 ¥ k‘l Lo 4 v ¥ Yv’ N
i- .

10 0 x @0 m [:11] 20 900 €0 100
Time [sec]

Fig. 9 Performance of Schilling rudder and RRCS,
with 8, = 22.9 [deg/sec]
(The RRCS is turned on after 500 [sec])

Fig. 10 2 Schilling rudder® =38}, &), 30.6 [deg/sec]?l
A4 A EY el dolt}

o] A%, A 38 Z+2 2189°, 38 7A4FHL 5169 %, A
T8 ZF7HL 10023 %°lth. Schilling rudderg L8022 M,
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< Time trajectory of ship >
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Fig. 12 Time trajectory of ship
with Schilling rudder and RRCS in waves
(83 = 38.2 [deg/sec])
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