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The Effect of an Anti-rolling Tank on a Ship’s
Motion Performance

Kazuhiko Asano*

Abstract

I performed experiments concerning the effect of an Anti-rolling Tank (A.R.T)
on a ship’s motion performance. I used the USHIO MARU for these experiments.

The following experiments on the effect of A.R.T were made:

1, Inclining
2, Turning
3, Maneuvering

In the inclining experiment, KG was rised 0.14 m with the use of A.R.T.

In the turning experiment, there were shorter turning ecircles when A.R.T
was used, and it is worthy of note that reverse-steering was observed.

In the maneuvering experiment, A.R.T did not effect perofmrance very much.
But, heeling was greater when A.R.T was used in the maneuvering, turning
experiments.

Because studies of this type have apparently not been published to date,
further study of the turning experiment results is necessary.
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Table 1. Principal particulars of the USHIO MARU.

Length (over all) 26.00 m
Length (bet. p.p) 22.70 m
Breadth 5.60 m
Depth 2.50m
Draft (designed) 1.85m
Initial Trim 0.60 m
Gross Tonnage 97.78 T
Main Engine NIIGATA, 6M618 X
400 ps, 1000 r.p.m.

Propeller Controllable pitch propeller

Diameter 1500 mm *

Tank Capacity Fuel oil - 875 T
Fresh water 685 T
Fresh water (BW.T) 6.43 T
AR.T (at work) about 8.00 T
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4. POREEIHABIFO MY 45 0.72m THH L Y & 0.60m & DED 0.12m DT, Y4
DEERTIOT, BEE SkESHRES6HLE o172, 1, BKEEOEE YITI 5 Tz,

HEeR g ' '

RERBHT WA, MBRE WEMSE4 A5 H, FE 3h, BMESE E#E 1~2m/s

A MEY—-2T A 1.65m, %&£ 1.67m, ¥ 1.66m, MY F.P T 1.66m

MBAPIERT £ 240m, % 2.36m, ¥ 2.38m
REEAK 2.02m, FYa 0.72m

PkE 160.5T

W2t (K-, HWB24) 05T

EEHKE (4 161.0T, #H%kAK 2.02m, T.K.M 2.78m

BEIER (W) £ 271.0ke, % 350.5kg, ¥ 310.8kg, BHEME(L) 4.5m
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Table 2. Heel of the inclining experiment with A.R.T. %
]

weight heel difference ,
0 3
starboard port (deg.) (deg.)
271.0 kg 350.5 kg 0.3
620.5 —1.6 19
27L.0 350.5 0.1 1.7
620.5 1.4 1.3
271.0 350.5 0.1 138
average (6) 1.6
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 WxL  0.3108x4.5
GM = - 0.
Ixtans — 161x00279 ol m

KG=TEM-GM =2.78-031=24Tm
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Table 3. Heel of the inclining experiment without A.R.T.

weight heel difference
starboard i port (deg.) (deg.)

271.0 kg 350.5 kg —=0.3

620.5 -1.1 0.8

271.0 350.5 —0.4 0.7

620. 5 1 1.0 1.4

271.0 360.5 —-0.4 1.4

average (6) 1.1

0.3108x4.5
161 x0.0192

KG=278-045=233m

oM = = 0.45m
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1,=2X5% _ 4390me F
3x3.48 }._5_’5{
Xa.
I = =9. 4
2 12 9.83 m ’ /"
AM 56™
72, BRKRIEKRZOT, p=1 EBLE, —r—
GG = 314(;;)7 ~02lm Fig. 1. Dimensions of A.R.T.
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I=161x0.14 = 22.54 m*
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Table 4. Turning circles and heel.

Eng. Turning Tactical | Advance | Transfer

load direction A.R.T dia.(DT) (DA) (Dt) Mean heel | Max. heel

1/2 L with 8 m 66 m 856 m 1.25 4.43
L without 92 88 45 0.54 2.57
R with 108 86 42 4,02 B5.79
R without 84 74 37 3.02 4,86

3/4 L with 100 91 43 3.59 4,86
L without 139 102 56 2.04 5,00
R with 65 62 a7 6.26 8. 78
R without 111 79 48 4.74 6.64

4/4 L with 83 75 33 4.04 6.62
L without 98 83 50 2.08 4,83
R with 69 68 28 7.95 8,67
R without | 86 T8 23 b. 53 7.00
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Table 5. Turning time. Eng. load 1/2, Turning to the left without A.R.T.

\ time from start | time of the section heel
Turning start Om Os 0 = 0°
15° 9.9 9.9 R ¢.438°
45° 21,5 11.6 2.14°
20° 37.8 16.3 1.14°
135° 53.0 15.2 0.86°
'180° 1 8.6 15.6 L 057
235° 1 23.8 15.3 0.14°
270° i 40.8 16.9 0.21°
815° 1 67.6 16.8 : °
360° 3 150 17.4 R 3.00°
Table 8. Turning time. Eng. load 1/2, Turning to the right with A.R.T.
\\\\ time from start | time of the section heel
Tuarning start Om Os 0 s R 0.64°
15° 8.3 8.3 L a.50°
45° 16.6 8.3 4.86°
90° 29.1 12.5 5. 64°
135° 42.4 18.3 4.64°
180° 55.3 12.9 4.99°
225° 1 9.4 1.1 4.64°
270° 1 22.6 13.2 4.00°
315° 1 36.0 13.4 8.48°
360° 1 48.5 12.5 s.1°

Table 7. Turning time. Eng. load 1/2, Turning to the right without A.R.T.

\ time from start | time of the section heel

Turning start Om O0s 0 s R 0.86°
15° 10.7 10,7 L 2.29°

45° 18.8 8.1 4.29°

90° 30.8 12.0 4,79°

136° 44.8 4.0 4.14°

180° 5T.9 13.1 4.07°

225° 1 12.4 14,5 3.071°
270° 1 26.7 14.3 3.14°

316° 1 40.4 18.7 3.14°

360° 1 53.4 13,0 3.98°
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Table 8. Turning time. Eng. load 3/4, Turning to the left with A.R.T.

\\ time from start | time of the section heel

Turning start Om O0s 0 s R 0.80°
. 15° 9.1 9.1 1.88°

45° 16.7 7.6 5.98°

'90° 27.1 10.5 4.56°

135° 38.1 110 2.59°
.180° . 49.2 1.1 1.96°
.295° 1. 00,0 10.8 2.86°,
(1) 1 111 1.1 3.04°
315° 1. 22.1 11.0 4.02°
.360° 1. 34.7 12.6 5.36°

Table 9. Turning time. Eng. load 3/4, Turning to the left without A.R.T.

\\ time from start | time of the section heel -

Turning start Om Os 0 s R 1.95°
15° 8.5 8.5 4.07°

45° 15.8 7.3 4.86°

" 90° 26.5 10.7 3.64°
135° 38.2 11.7 1.79°

'180° 48.9 10,7 0.79°
'935° 1 4.0 15.1 0.93°
'270° 1 12.3 8.3 0.57°
'315° 1 4.0 1.7 1.50°
360° 1 366 12.6 2.57°

Table 10. Turning time. Eng. load 3/4, Turning to the right with A.R.T.

\ time from start | time of the section heel

Turning start Om Os 0 s R 0.45°
15° 9.5 9.5 L 2.59°

- 46° :

- 90° 25.7 8.13°
135° 3.2 5.5 8.91°
180° 46.3 15.1 8.57°

-925° 57.0 10.7 6.88°

-970° 1. 7.9 21.6 6.34°

-815° 1 18.1 10.2 6.68°

-360° 1 28.7 10.7 6.71°

sin ¢ = ——————Vg xQa
7T GxRxGM

T, o KEHA G EHNERE, V; EEHES, R; EEHBERE QG BAKOTRRLY
BT TOREER GM; #xsv> 5~

ZOR & b HEE OMEES LM 3 ¢ 2EER, FOEEES, DI EER, M3 GM Th3B,

A R.T fEBIBED GM 21U OELO LA DO it /h 3 s b, HESIEMT 2, 72,
AR T EBIRHIRER /A3, CORALVEEMPENIR3ERLE L5,
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Table 11. Turning time. Eng. load 3[4, Turning to the right without A.R.T.

\\\ time from start | time of the section heel

Turning start Om Os 0 s L 0.50°

15° 7.8 7.8 2.1m1°

45° 16.5 7.1 Co484°

90° 25.4 9.9 . b.64°

.136° 36.1 10.8 6.21°

180° 46.9 - 10.8 6.07°

235° 58.6 11.7 5.71°

270° 1 10.6 12.0 5.50°

315° 1 20.9 10.3 3.86°

360° 1 31.6 10.7 4,99°

Table 12. Turning time. Eng. load 4/4, Turning to the left with A.R.T.
\' time from start | time of the section heel

Turning start Om Os 0 s R 1.18°

15° 8.8 8.8 3.06°

46° 16.4 7.6 b.98°

90° 21.3 10.8 b.86°

185° 36.6 9.4 4.46°

180° 41.1 10.5 3.06°

225° 57.6 10.5 -8.44°

270° 1 8.2 10.6 3.95°

315° 1 185 10.4 4.46°

'360° 1 29.4 10.9 5.85°

Table 13. Turning time. Eng. lgad 4/4, Turning to

the left without A.R.T

\\\ time from start | time of the section heel

Turning start Om Os 0 s L 0.26°
15° 7.9 7.9 R 32.99°

45° 15.9 8.0 3.18°

- 90° a7.0 1.1 3.80°
185° 3.1 10.1 2.29°

180° 47.8 10.7 1.97°

2256° 58.7 10.9 1.03°

370° 1 9.9 11.2 1.27°

315° 1 21,3 11.4 2.42°
360° 1 - 32.5 1.2 9.98°

@m*myﬁﬁmmﬁbmﬁﬁ$%QQMK;b%@ﬁwmé<&ott%nao
FOM, —RRHMITERIC 51 EERIRIIRE {25,

PR B BT REPRIBT D 52,
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Table 14 Turning time. Eng. load 4/4, Turning to the right with A.R.T.

\ time from start | time of the section heel
Turning start Om 0= 0 =8 0°
15° 8.9 8.9 0°

45° 15.6 6.7 L ¢6.87°

90° 24.8 9.2 8.78°

185° 84.1 9.3 9.20°

180° 45.2 11.1 9.67°

225° 53.0 7.9 7.80°

270° 1 2.6 9.6 7.89°

315° 1 11.9 9.3 7.18°

360° 1 319 10.0 7.00°

Table 16. Turning time. Eng. load 4/4, Turning to the right without A.R.T

Fig. 2. Turning heel.

\ time from start | time of the section heel
Turning start 0m 0s 0 s L o.64°
16° 6.7 6.7 3.95°
45° 13.1 6.4 4.84°
90° 29.6 9.5 5.60°
135° 31.8 9.9 6.62°
180°
295° 51.3 5, 98°
270° 1 1.2 9.9 5.60°
815° 1 9.9 8.7 5.35°
360° 1 19.0 9.1 7.00°
l° I'c ., «"u’"‘: \
51 8- '}'\-" W
] ——WITHOUT ART - i ¢l
| I —— WITH ART 1 ! Y
START { I\
END ; i
od—Y L inping | o f §
V' I : =
AN AL A\A : " 1]
o Wi, | 1 END
] N START
LQ a A i . ——WITHOUT ART
i L/ | -—---WITH ART
5, ’ d
: gl
Eng. load 1/2, Fig. 3. Turning heel. Eng. load 1/2,

Turning to the right.

Turning to the left.
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L 4
g : ]
. ——WITHOUT ARJ g,_
------ WITH ART
] END 1
Il 4
G -4
4 : T
Vi W, ] \v'
] v\a :- START
g W 1 ———WITHOUT ART
R o 1 ——--WITH ART -
4 v of
5.
R
Fig. 4. Turning heel. Eng. load Fig. 5. Turning heel. Eng. load
3/4, Turning to the left. 3/4, Turning to the right.
%;. ——WITHOUT ART *
1 - WITH ART |
START ' ¢
T END .

0—yi
1V END
o] START ~—— WITHOUT ART
o WITH ART
Fig. 6. Turning heel. Eng. load Fig. 7. Turning heel. Eng. load
4/4, Turning to the left. 4/4, Turning to the right.
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OB TIEAMEOR S LEORERVEAT 20 REM T H 5, 3/, ART {&£1EBRIZ § reverse-
steering 12U TR Y, 5 LAOERERICOVTIRIOBRY S OBRBLETD 5,

BREgHERR

BRHERBRE LT ZRBE B 03 - 17, RPREBRIERERR e EERROBERTC L L 25Tk b,
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Table 16. Maneuvering experiment without A.R.T.

Turning (deg.) Time from start Time of the section
0 0m 0s 0s
30 11.6 11.¢

Max. (70) 22.8 11.2 .

0 37.8 15.0
—30 42.7 4.9
Mazx. (—69) 53.6 9.9
0 1 7.4 14.8

Table 17. Meaneuvering experiment with A.R.T.

Turning (deg.) Time from start Time of the section
0 Om 0s ~ 0s
30 12.2 12.2
Max. (72) 24.1 11.9
0 38.2 14.1
—30 43.7 4.5
Max. (—70) 54. 6 11.9
0 1 9.2 14.6

BRHER AR T EEROFBD 206 ROERZRL TV 3, ARORK, REERBRICBY
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B D R FEE] K6 1 BRES S R T hng 5 O T# I il 2 6 2o,
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