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Roll-damping Control by Sail-angle

by Yasuo Yoshimura, Member Yoshiko Igarashi
Takako Kuroda, Member Mitsuhiro Kikumoto,
Summary

Recent huge amount of CO, discharge and the diffusion of detrimental substances by the excessive use of petroleum resources
have brought the serious problem of an earth scale such as the global warming. It has been the world common subject for every
work of the future to take account of the preserving natural environments. There are several solutions for taking place the petroleum
energy. One of them is the wind energy. In 1980’s when the petroleum price jumped up with the twice oil crises, the use of wind
power was re-examined. Many kind of modern sailing rigs and new concepts of sail-equipped ships were proposed. These
researches are summarized in the international symposiums by RINA™?, and some of them were successful projects among them.

Although the purpose of such sail-equipped ship is obviously the use of the above-mentioned wind energy, it is also empirically
known as a secondary effect that the rolling of ship can be reduced by the sail. This comes from the air damping force of sail since
the inflow angle of the sail changes with the rolling and this change acts on the direction which decreases the rolling. From this fact,
the rolling can be more reduced if the angle of a sail is well controlled against the rolling.

In this paper, the roll-damping mechanism is solved based upon the aero and hydrodynamics, and then the control technique of
sail angle for decreasing the rolling for various wind directions is proposed, where the sail angle: 4ds is simply controlled as
Ads=kg, but the polarity of control gain: k must be changed with the wind direction and average sail angle. According to this
method, the validity and use of this control have been checked by the model experiments. As the results, it is found that the rolling
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angle can be remarkably decreased when the ship is sailing against the oblique wind and wave.
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Fig.1 General arrangement of the sail equipped ship.
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Fig.2 Co-ordinate system for sail on board
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Table.l Principal dimensions of ship model.

Lop (m) 1.9062 GM (m) 0.0485
B (m) 03672 T, (sec) 1.29
d, (m) 0.1469 vV (m® 0.0756
As (M)  0.07(=0.4x035) zyd, 2.38
aspect r. 2.29 AgLd 0.250

Servo Controller

roll rate

\

Fig.4 Arrangement for experiment.

Fig.5 Ship and sail model.
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Fig.6 Comparison of extinction coefficient for various roll-rate
feedback gain & between measured and calculated (=10°).

08 A : Linear coefficient of extinction curve o k=2
(attack angle of sail «=80° ) g ';;1)_5
06 X k=0
A k=05
[ ] k-v;
® k=
04 - - without sail g
_____________ -4
0.2 S 8- = —————————
-=EE - _C X
0 \""““—-’__‘__'__‘
0 135 180
02
04 Relative wind direction (deg)

Fig.7 Comparison of extinction coefficient for various roll-rate
feedback gain k, between measured and calculated (a=80°).
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Fig.8 Time histories of roll and sail angle where k is changed
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Fig.9 Frequency response of roll angle and roll reduction
at tuning period. (a=10° ,6=45" ,x=135" )
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Fig.10 Frequency response of roll angle and roll reduction
at tuning period. (=10° ,6=135° ,y=45° )

Fig9 @ FRIZIZ LEROR - HOF M T, Fx DERITH

T AEESEEKE R, TRl S RENIRIES, T O
BAERATERTLLTERT, HEXERMARL (Vip)
ThB, EL, BEREUIHEAS»LHRE L, RARIZIZA
MY o FPHERZEVROEREGRT, 2EL, ZOERA
HETH, §HR0BBEBRENRR LY RO BKEREZ N
BEQWRR)DOHTE 21z, 72, BRTIT sway IR SN
TWAHDIZH L HETIRERE LTWB I ENRLEEDIL
BIEVWRRATVWS, EREBRITREERLL, ZOKE
RWTIR MOBEOHBEER k &~ A F AN T 5
T EIZE Y BIIRBMEOEENREKBIIER TS L
BRERTE B,
Fig.9 » TRIZiZ, HWOAEDOHIEER k OEIZT SRR
EOBENRBORY &2 7T, BTN OAZLHE L2
WBADIRIES 100% & LTERT 5, RRER L ERIRE
THREDDEVRH B, =2 1BV TIBENRIBORK
HBITELL, T0%IZHEL TV,

Fig.11 Frequency response of roll angle and roll reduction
at tuning period. (a=80° ,6=135" ,z=45" )
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