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Effects of sway motion on roll reduction performance of an Anti-Rolling Tank

by Yoshiho Ikeda, Member and Maho Harada, Student Member

Summary

Effects of sway motion on roll reduction performance of a U-tube-type anti-rolling tank are
experimentally investigated. Forced rolling and swaying tests of an anti-rolling tank model show
that the water in the tank violently moves in different frequencies in roll and sway modes,
respectively. A forced motion test in roll and sway coupling mode of the anti-rolling tank model
demonstrates that sway motion significantly affects on its roll reduction performance. In larger
frequency region, sway motion reduces the roll damping generated by an anti-rolling tank, and in

smaller frequency region, sway motion increases it.
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Table 1 Dimensions of ART model shown in Fig. 1

Weight of water in ART 0.66 kgf
w 0.206 m ha 0017 m
Wr 0.05m h. 0.0265m
Ws 0.058 m Fimax 0.08 m

" W; : longitudinal length of ART)

1

Kb

ARTx .\Valve

= aRE]

ART=ARTw*+ART;s w ;

Fig.1 ART model used in the experiments.
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Fig.2 Coordinate system and definition of water level
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Fig.3 Amplitude of the water level difference between right
and left wing-tanks of ART in forced roll test.
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Fig.4 Phase difference between roll motion and motion of the
water level difference between right and left wing-tanks
of ART in forced roll test.
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Fig.5 Roll damping coefficient obtained by water level
difference between right and left wing-tanks of ART in
forced roll test.
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Fig.6 Amplitude of the water level difference between right
and left wing-tanks of ART in forced sway test
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Fig.7 Phase difference between sway motion and motion of
the water level difference between right and left
wing-tanks of ART in forced sway test.
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Fig.8 Amplitude of the water level difference between right
and left wing-tanks of ART in forced roll-sway
coupling test

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

122 OAMAnEE T 2w e B 15

Natural period of ART
ToartL=1.17sec

J/ roll-sway coupling test

“ab
) s .=6.4deg , y-=30mm
= 180 - BI040 Y
w / —8— gr-£570
90 5 iy Er—Es=-M/2

—O— ¢gr-egs=-1

0 0.5 1 1.5 2 25
W/ Woart

Fig.9 Phase difference between sway motion and motion of
the water level difference between right and left
wing-tanks of ART in forced roll-sway coupling test
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Fig.10 Roll damping coefficient obtained by water level
difference between right and left wing-tanks of ART
in forced roll-sway coupling test
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Fig.11 Comparison between estimated and experimental
results of roll damping created by ART in roll-sway
coupling motion at £-£=-7

0015 0:=6.4deg , ya=30mm
00t
3 0.005
m ® exp
~—O—cal.
0 . s N ° s
0|5 0.7 09 1.1 13 )
-0005 *

W/ WoarT
Fig.12 Comparison between estimated and experimental
results of roll damping created by ART in roll-sway
coupling motion at &-&=-7/2
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Fig.13 Comparison between estimated and experimental
results of roll damping created by ART in roll-sway
coupling motion at &-& =0
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Fig.14 Estimated result of effects of sway amplitude on roll
damping created by ART
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Table 2 Principal particulars of the model

Items Actual ship Model
Scale 1 1/40
Lpp(m) 62.000 1.550
B(m) 12.600 0.315
D(m) 9.000 0.225
Dm(m) 4.800 0120
GM(m) 1.200 0.030
KG(m) 4.800 0.121
Leg(m) -1.860(afy) -0.0478(afy)
Cb 0.575 0.575
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Fig.15 Profile of ship with ART
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Fig.16 Body plan of ship with ART in high and low location
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Fig.17 Roll amplitude of model ship with and without ART in
beam seas when natural periods of ship and ART are
same (TOS=TOARTL= 1 .17SCC)
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Fig.18 Roll amplitude of model ship with and without ART in
beam seas when natural period of ART is smaller than
that of ship (Tos=1.28sec, Toarti=1.17sec)
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Fig.19 Roll amplitude of model ship in beam seas
(Tos=1.05sec, Toart=1.17sec, Toarrm=1.0sec)
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