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Summary

In this paper, to examine the efficiency of the diminution of rolling of a vessel,
we installed the proposed sail on a skiff boat, which is a support vessel to ‘ARA’,
Cheju National University’s training ship. Eventually we summarize the analyzed
results obtained from the vessel while stationary and while in sailing for two cases,
the vessel with a sail and the vessel without a sail. The sea trial test was done in

cheju outer harbor.

1. The average angle of rolling is 1.74° and 1.84° each case in first test.
Second case 1.09° and 1.15° respectively. The significant angle of rolling (®
13) 18 3.25° and 3.42° each trial case in first test. Second case 2.04° and
2.18° respectively. From above the result, in each case rolling angle and

significant rolling angle is larger when the ship has not the sail.

2. When the ship is cruising, the average angle of rolling is 1.99° (case 1) and
2.17° (case 2) in the first field test. In the second field test, the average
angle of rolling is 1.06° and 1.17° for each case respectively. The significant
angle of rolling is 3.78" (case 1) and 4.11° (case 2) in each case of the first
field test. In the second field test, the significant angle of rolling is 1.99°
(case 1) and 2.20° (case 2) for each case. This case shows the same

tendency exhibited by a stationary ship.

3. The area of Rayleigh’s probability density function is larger than 0.011 and

0.019 in the first test and larger than 0.012 and 0.034 in the second case



without sail while cruising and while stationary. So, if the wave is high the

area will increase.

4. In this case we consider a stationary skiff boat with sail; the efficiency of
diminution is 4.57% and 4.07% in the stationary ship in each sea trial test.
When the ship is cruising, the efficiency of diminution is 6.97% and 8.12%
in each case. Consequently, the efficiency of diminution is higher when the

ship is cruising.

5. While cruising, a ship with sail averages a speed of 5.46 knots and a ship
without sail average a speed of 5.38knots. In this case, the ship with sail is

faster by 0.08knots than without sail.

From above the result, the designed sail can act on diminution of rolling of ship
on the irregular wave. If the sail is made of a controllable shape, the sail can
control drag and lift. So this sail can use green-energy.

Based on this research, we can design a small ship with an inexpensive
anti-rolling system and bring about a reduction in oil consumption. This designed sail
combined with the sea anchor used on hand-line fishing boat can be useful while

maintaining course.
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Fig. 2. Co-ordinate of sail on board.
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Table 1. Principal dimensions of the experimental boat

Item Specification

Length over all (MLD) : 7.190m
Beam (MLD) : 3.051m

Design conditions Depth (MLD) : 1.400m
Freeboard : 0.914m

Buoyancy : 4,770kg

Two-cycle
Power : 205HP

Main engine
Propeller : 3-bladed stainless steel

Generator : 12.5Kw
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Fig. 4. Configurations of sailing canvas of the experimental boat
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Table 2. Specification of sail

Item Specification

Leech length : 3.06m
Head length : 1.03m
Luff length : 1.97m
Foot length : 2.18m
Sail Mast length and size : 3.34m, ¢5.0cm
Boom of upper length and diameter :1.35m, ¢3.5cm
Boom of lower length and diameter :2.55m, ¢3.5cm

Aspect ratio : 1.24

Area : 5.57 w2

AT AL PNIALI A Al E ok AXES ol olg3tel Aute ¥ AuE B
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Table 33} 7t}
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Table 3. Specification of magnetic compass

Specification of magnetic compass

Dimensions(LxWXxL) 3.5%4.3x1.3cm
Weight 12g
Supply voltage 36to 5V
<70° of tilt 0.5
Accuracy ., . i
>70" of tilt 0.8
Heading Resolution 0.1°

Max Dip angle | 85°

Pitch accuracy +0.2°RMS

0.2° for pitch<65°

Roll
oll accuracy 0.5° for pitch<80°"

Connector for RS-232 interface 9-pin

9EL A 244 BES AFUslE AR/ AR 2 Gse] BAhA 4

ug olgad] SAd FAGAY. FFFo] nEe] FHZAL AGMe] H&A
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Table 4. Specification of GPS receiver and antenna

GPS receiver
Model Canadian marconi company, ALLSTAR
Frequency 1575MHz +2 MHz
Channel 12 channel correlator for all-in view satellite tracking
Data Port Two serial input/output data port
Antenna
Model ATS575
Gain and size +12 dB and 0.053m diameter
Max. length
Min, length 20 meter (12dB)/0 feet
Polarization Right hand circular
T ~FHES] MAESAHS 9g GPSFAI7IY SHHY AA= An S4d
A m, o5 FA/IS% AAARRE ARE FHAY] A AF ABEE

Fig. 59} #&t}.
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Fig. 7. Time histories of the amplitude of rolling angles in sail on and sail off. in

irregular waves at the stop engine condition from the first experiment.
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irregular waves at the stop engine condition from the second experiment.
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Fig. 9. Time histories of amplitude of rolling angles in sail on, sail off. in irregular

waves at the underway condition from the frist experiment.
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Fig. 11. Typical probability density function of the amplitudes of rolling angles in sail

on and off. in irregular waves at the stop engine condition from the first experiment.
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Fig. 12. Typical probability density function of the amplitudes of rolling angles in sail

on and off. in irregular waves at the stop engine condition from the second experiment.
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Fig. 13 Typical probability density function of the amplitudes of rolling angles in sail on

and off. in irregular waves at the underway condition from the first experiment.

L

Fig. 14 A2% A@do] @5 F9 ), £o] 43 7o) B2 F5a B4
Weds B¥E ek

=
=
2 P5 o, oA FdS WE AHEY s A 1.3, 1504 7HA

o)

o=

i
o

,ﬂ
i

[

T2 Ztzt Bngom aga 1.3°, 1504 A WHE RdE
41252 YEh WA o] Zol7t 0.044AE dutE AL & = A a3

0
I BFQ A 2° ool Ao WMAS nlaste] HS Wl 0.060, 0.0942A =

o
o3t
D
ol
ol
N
o
)
o,
o
o
o
N
A
g
24
X
Jr

B oukEol 0.034%2 Al1x Ao AyHtie=

_32_



sail on
- — — sail off

o o o o

J uonouny Aysuap Aiqeqoad

6 (deg.)

Fig. 14. Typical probability density function of the amplitudes of rolling angles in sail

on and off. in irregular waves at the underway condition from the second experiment.
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Table 5. Statistical evaluations for amplitude of rolling angle by the relative

cumulative frequency at the stop engine condition from the first experiment

Sail on Sail off

Rolling Cumulative Cumulative readings
Angle .| absolute .

Limit Reading frequenc relative Reading absolute relative

() J v frequency S frequency frequency

(“o) (“o)
0.0-0.5 | 1385 8518 100 1351 8493 100
0.5-1.0 | 1445 7133 83.74031 1291 7142 84.09278
1.0-1.5 | 1283 5688 66.77624 1227 5851 68.89203
1.5-2.0 | 1154 4405 51.71402 1140 4624 54.44484
2.0-2.5 | 983 3251 38.16624 1005 3484 41.02202
2.5-3.0 | 833 2268 26.62597 796 2479 29.18874
3.0-3.5 | 516 1435 16.84668 585 1683 19.81632
3.5-4.0 | 364 919 10.78892 420 1098 12.92829
4.0-4.5 | 206 555 6.515614 279 678 7.983045
45-50 | 141 349 4.097206 159 399 4.697987
5.0-55| 119 208 2.441888 93 240 2.825857
5.5-6.0 48 89 1.044846 69 147 1.730837
6.0-6.5 23 41 0.481334 42 78 0.918403
6.5-7.0 6 18 0.211317 20 36 0.423878
7.0-7.5 10 12 0.140878 10 16 0.18839
7.5-8.0 2 2 0.02348 6 6 0.070646
s = 409.614943 > = 429.224063
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Table 6. Statistical evaluations for amplitude of rolling angle by the relative

cumulative frequency at the stop engine condition from the second experiment

Sail on Sail off
Rolling Cumulative Cumulative readings
Angle R absolute - . ati
.. di relative Readi relative
Limit |08 frequenc Q& absolute
) s frequency s frequency
() y - frequency ,
(%) (%)
0.0-0.5 | 2208 8631 100 2153 8513 100
0.0-1.0 | 2144 6423 74.4178 2041 6360 74.70927
1.0-1.5 | 1788 4279 49.57711 1608 4319 50.73417
1.5-2.0 | 1228 2491 28.86108 1142 2711 31.84541
2.0-2.5 | 651 1263 14.6333 782 1569 18.430064
2.5-3.0 | 334 612 7.090719 429 787 9.244685
3.0-3.5 170 278 3.220948 221 358 4.205333
3.5-4.0 72 108 1.251303 97 137 1.609303
4.0-4.5 25 36 0.417101 26 40 0.46987
4.5-5.0 11 11 0.127448 10 14 0.164454
5.0-5.5 4 4 0.046987
> = 279.596809 S = 291.460122
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Table 7. Statistical evaluations for amplitude of rolling angle by the relative

cumulative frequency at the underway condition from the first experiment

Sail on Sail off
Rolling Cumulative Cumulative readings
Angle
L. absolute relative relative
Limit |Readings Readings| absolute
) frequency frequency frequency
() % frequency %
0.0-0.5 1248 8493 100 1160 8492 100
0.0-1.0 | 1324 7245 85.30555 1224 7332 86.34008
1.0-1.5 1164 5921 69.71624 1080 6108 71.92652
1.5-2.0 | 1104 4757 56.01083 1050 5028 59.20867
2.0-2.5 839 3653 43.01189 868 3978 46.84409
2.5-3.0 720 2814 33.13317 770 3110 36.6227
3.0-3.5 595 2094 24.6556 645 2340 27.55535
3.5-4.0 479 1499 17.64983 466 1695 19.95996
4.0-4.5 377 1020 12.00989 360 1229 14.47244
4.5-5.0 249 643 7.570941 249 869 10.23316
5.0-5.5 146 394 4.639115 200 620 7.300989
5.5-6.0 108 248 2.920052 131 420 4.945831
6.0-6.5 56 140 1.648416 95 289 3.403203
6.5-7.0 35 84 0.98905 66 194 2.284503
7.0-7.5 22 49 0.576946 54 128 1.507301
7.5-8.0 15 27 0.317909 26 74 0.871408
8.0-8.5 6 12 0.141293 15 48 0.565238
8.5-9.0 4 6 0.070646 15 33 0.388601
9.0-9.5 2 2 0.023549 8 18 0.211964
9.5-10.0 4 10 0.117758
10.0-10.5 3 6 0.070655
10.5-11.0 1 0.035327
11.0-11.5 2 2 0.023552
> = 460.390917 > = 494.8893
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Table 8. Statistical evaluations for amplitude of rolling angle by the relative

cumulative frequency at the underway condition from second experiment

Sail on Sail off

Rolling Cumulative Cumulative readings
Angle absolute

. ., |Reading relative Reading relative
Limit frequenc absolute

. s frequency J frequency

() y frequency

(%) ()
0.0-0.5 | 1987 7506 100 1839 7609 100
0.5-1.0 | 1979 5519 73.52784 1807 5770 75.83125
1.0-1.5 | 1536 3540 47.16227 1480 3963 52.08306
1.5-2.0 | 979 2004 26.69864 1045 2483 32.63241
2.0-2.5 | 500 1025 13.65574 691 1438 18.89867
2.5-3.0 | 298 525 6.994404 402 747 9.817322
3.0-3.5 | 145 227 3.024247 203 345 4.534104
3.5-4.0 64 82 1.092459 90 142 1.866211
4.0-4.5 13 18 0.239808 40 52 0.683401
4.5-5.0 5 5 0.066613 8 12 0.157708
5.0-5.5 4 4 0.052569
> = 272.462021 Y. = 296.556705
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Fig. 15. Time histories of the ship speed in sail on, sailoff
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Table 9. Analysis Results

Dividing Sail on Sail off
Total data 8518 8493
Average amplitude 1.74 1.84
Maximum 7.44 7.28
Starboard
Stop Average 1.73 1.82
engine Port Maximum 7.46 7.92
Average 1.75 1.86
Significant angle of rolling qbé 305 347
Attenuation(%) 4.57%
No.1 Total data 8493 8492
Average amplitude 1.99 2.17
Maximum 7.68 9.98
Starboard
Average 1.98 2.15
Maximum 9.12 11.22
underway Port
Average 2.01 2.19
Significant angle of rolling qﬁ% 378 411
Attenuation(%) 6.97%
Average speed 5.461(knot) | 5.389(knot)
Total data 8631 8513
underway 1.09 1.15
Maxi 4.49 5.05
Starboard Aaxnnurn 12 16
Stop verage ) .
4 Port Maximum 491 5.05
ngin r
ESIN i Average 1.07 1.14
Significant angle of rolling qf)% 204 218
Attenuation(%) 4.07%
No.2 Total data 7506 7609
Average amplitude 1.06 1.17
Maximum 4.88 5.19
Starboard
Average 1.07 1.20
underway Port Maximum 4.42 4.61
Average 1.04 1.15
Significant angle of rolling qbé 1.99 220
Attenuation(%) 8.12%
Average speed 5.532(knot) | 5.509(knot)

_41_




V. & ¢

of M o]&2 2 Al HFE

<

540 ofeh

(Skiff boat)o] =

B

el

e (41 4%)7d A (Significant

1.74°, 1.84°, 24 o 1.09°, 1.15°

12+ o

12 o 3257, 3.42° 23k o 2.04°, 2.18° 2.2 YER} Eo]

S
T

angle of rolling ¢,)

3

o 1.99°, 2.17°, 22k Wl 1.06°, 1.17 358 F2](415%)d A Zk(Significant angle of

12 W 3.78°, 4.11° 22 wf 1.99°, 2.20°°] At}

O
T

rolling ¢ )

3

A

7} 12 @ 0.011, 0.019 23] @ 0.012, 0.034

o

ol

!

i

i
s

o

K
B
R

S uf 1, 23] 2z} 4.57%, 4.07% “LE]aL

3

el A

HH

Wb gAA wek & ol

sk
=

=
T

Sl

= HojA

=&

6.97%, 8.12% Ax=°] 74

kTt

_42_



=

=
=

w7} 5.38knot=

[e)

=

o)o
3 Sk

=

=

S

T

=

i+

FH = v

[e)

sy R =

}

]
yal

o

1

T E0] 5.46knot

3

w7} 0.08knot "5k T},

o

Passive® ©| o}l Ao} 7}

Kok
=

w N o
LR
T do S

_— B
o X o
B
P
“ & o
y TN
= ¥ m
I

fe} .

oH oor W
° W o Mﬂ
o = o} nﬂm
B N oap X
N . i
Wr ﬂ,oM 5 o]
o0 U
A 8 o K
:.L 17_.m o
ol
= ™ ol
O o] el
Bode B

jang

)

—_
o

o

,WO

=% (Sea anchor)¥} ®HaggozH = FX
[e]

BE IOy
=

_43_



A. R. J. M. LLOYD, 1989. Sea-keeping : Ship Behaviour in Rough Weather. Ellis
Horwood Ltd. New york, 94-120, 328-342.

Masuyama Y., Nakamura [., Tatano H., Takagi K., and Miyakawa T., 1992. Sailing
performance of ocean cruising yacht by full-scale sea test(Steady sailing
performance and dynamic performance in waves), Journal of The Society of
Naval Architects of Japan, 172, 349 - 364.

Masuyama Y., Nakamura [., Tatano H., Sakaguchi K., and Kanekiyo T., 1993.
Sailing performance of ocean cruising yacht by full-scale sea test(Maneuverability
and tacking performance), Journal of The Society of Naval Architects of Japan,
174, 377-388.

Moon, S.J J.A. Jeong, HK. Yoon, G.J.,, Lee and S.P., Ann, 2005. An experimental
study on mass driving anti-rolling system for ships. Journal of the Society of
Naval Architects of Korea. 42(6), 666-672.

Morwood J., 1953. Sailing Aerodynamics. F. J. Parsons Ltd, London, pp. 28- 39.

Park, J.W., 2000. Development of the new Chine hull -form for stability of coastal
small fishing-vessel. Development of practical technology. Ministry of Maritime
Affairs & Fisheries Report. 35-36.

Kim, Y.B., 2002. A study on rudder-roll stabilizer system design for ship. The
society of Mechanical Engineers of Korea, 26(2), 329-339.

Woo, B.K.,, CH. In and J.D. Koo, 1974. On the Performance of the anti rolling
tank(2). Socirty of Naval Architects of Korea. 11(1), 17-26

Yamaguchi, S., A. Shinki and Y. Ogawara, 1993. On a Feedback control system of
ship's rolling motion by an activated anti rolling tank. Journal of The Society of

Naval Architects of Japan. 126, 203-210.

_44_



Yoshimura Y., Kuroda T., Kikumoto M., Igarashi Y., 2003. Roll-damping control by
sail-angle. Journal of The Society of Naval Architects of Japan Symposium

Proceeding, 2, 85-86.

_45_



AAel 2

b

ks

ok
o

7hol U

Al
=

o=

ki3

S
=

o "4 £
2 o] QY 7ol

kel
T

o] ex7} QA 2

=
=

s9)

o

el
—.AO

—

NI

N

A otd7t FZotr Al o

ke
T

~
;00

o)
NIr

o]

2 W A

A g

3} Aelg obrA %o

Al
=

A Goll A T

s
il

]
—

ey
o

obgel MEH EE

aig

A HE Wl A=E

3}
5)

s =21,

™
i

]
Pl

Nl
!
<R

—

<H
H
an!

A
Bl

N

il

W AN Adeld, 2ea

Hj

A

d

A A

=
NR

H

B
50

—

,AU
i

oo
<0

N

3
i
rvze)

iz

M
Nfo

Tor
2
-

T

T

i.

e
7o

=

e}

b

Tor

N

N

e =gy,

A

g o] of] A

KeR
T

<

o

ol A

==
=

29

ol 7 A oAl ofehE

=
=

Hj e of A

_46_



!

L
;.OL

=,
al
1 ]]1/1— Zd *
> ]
B
O}\

%

o

il

_47_



	Ⅰ.  서 론
	Ⅱ. 돛을 이용한 횡요감요의 이론
	Ⅲ.  장치 및 방법
	3.1 시험선 선정
	3.2 돛의 제원 및 설치
	3.3 시험선의 횡동요 경사각 측정 장치
	3.4 측정방법 및 분석방법

	Ⅳ.  결과 및 고찰
	4.1 시험선의 횡동요 경사각 변화
	4.2 Rayleigh 확률밀도함수 분석
	4.3 상대누적분포에 의한 감쇠효율 분석
	4.4 선속의 평균값 비교

	Ⅵ.  요약
	참고문헌
	감사의 글


