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A Study on Roll Reduction Devices for FPSOs
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ABSTRACT: Several roll motion reduction devices are reviewed and suggested for the application in FPSO. The firstly suggested solution is
the shape of the bilge. The next is a bilge keel. The last suggestion is the ART (anti-rolling tank). Typical U-tube type ART is designed for a
FPSO and examined extensively by model experiment. The model section was made of transparent acryl. Free decay test, forced oscillation fest
and wave fest were carried out at a two-dimensional wave flume. U-tube type ART is effective only when the natural periods of ART and ship
are same. Therefore, the divided U-tube type ART with split plate is suggested for the reduction of the roll motion of a FPSO over the wide

range of the roll period.
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Table 1 The natural periods of U-tube type ART with split plate
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Big-ART 1.61 1.78

Small-ART 121 149

Table 19)M B 4= QI%0), ¥3WS 7HAE= ARTS 34+ F
71e W WY (121 ~ 198 F)olA ¥gkd & givk dA v
o thshMs 85 ~ 14 Zolch o] ARTE A¢He FPSOe) v
2o o 4A Ya &F Faol aAHY Aok

7BA B8 AP d2X Y8 RHES Fig. 60 JeRAUTH
A7|N, 7leze 2 Fug, w/w, (3 T/ 1§ T3
$), M22e P8 ¥HEE Hd Yo RIER v 743

..32_



Y2 ZRES Jepdch 33 Fokold 32 98 BAESb G A% 6 F7e R4 e
#Ee L+ Uk

12

- - 8- - WoART ]
1 —@—— W/ ART [n}
— 4 — Controlled ART Egm
08 —|
8 —
T 05 ¢,
[ 4
£
<] 4
E
— 4 —
& 04—
02 —
4 0 ]
04 06 08 1 1.2 1.4 16
0 T | T T T T T 1 w / (D"
06 0.8 1 12 14 . . ) .
o/o, Fig. 7 Non-dimensional roll motion of passive U-tube type ART

Fig. 6 Roll moment in forced oscillation test 53 25Ie Jjx= Uubed ARTO| CHE M2t = A%

52 $8¥ Utubell ARTO] Ciet T2 & AlE Table 20)4 ®Eo] Z&s ZHul 1/500]ch Fig 8014
o al-ARTE 7 & 239 §8 5 (¥ 48)2 ART7} Qle 3+
FAY FA w/u ol A FAARD I8 ES G2zt gayst vimstel 31 oI 17 HE BEUS B 4
Fig. 7 ~ 8ol viehiAct 9t} 1 9l9] Zopol Al all ARTE 7HA1E 28¢] 88 $50]
ART7} Qi AR 25 =t Big-ART ¥ small-ART9) 3}

(1= & A= all-ARTS} B3 A58 Bl
A7\ 0= 37+ ot IE, ke 5l (wave number)o]Th. 4
a wio ART
Table 20lA HSo] R ¥ o] Z3u]=1/1000t) AA 35 & & T o | @ waART
SAE 8hg 2AM) 28 26 FIE 4G 16 21220, | oo
th. Webd, ARTS) 4 F71E 14 22 AASEc (Kim and 5 o
Park, 2002). ﬁ
o o
G427 o
Table 2 The dimensions of models 4 ® O
0
ive U- E § > 3
Designation Passive U-tube U t.ube type ART 0 e ..
type ART with split plate . ° ® &
Scale 1/100 1/50 . ° h
Breadth [m] 0.48 1.02 | ® g0 "
Draft [m] 0135 031,038 * o«
Natural perlod of () T T T T T T T T T |
ART [s] 140 1.98,1.61 06 0.8 1 12 14 16
o/o,

Fig. 7914 ART7} Q& 239 218 5 (4 42)e ART/H 9 Fig. 8 Non-dimensional roll motion of U-tube type ART with split
£ A% (12 AR)sh wmsed 3 FaslA 16 AE Zag PO
22 5 Aok 28U, 32 5N Hojzl Rl e Yo
e o AXE F 4= At 3718 73 2718 2 8
% (controlled ART; }A17t M), B8 *+F #4: A F95

~_33_



5.4 GoM FPSO0j|A{e| X

MA® ARTE GoM FPSOs| 249 4= Itk Fig. 9o dut
WX EE, 1223 Fig 100] 2% YWES B9Fn vk 4
Heo] g4 2 FA B¥o wel 1f F|7p W} WA,
ARTY 3§ F7I= 44 35 504 A8 ARTY =
§ 272U Ee Feghaxy AAES Hego gy v
2 F Sk

B dPeaE ARTY 14 F7IE #H3AF71 Y8iA
U-tubeo] & 7]5 E°1& Z2A3HEA ETWE 7HAe ARTE
g3t

ART®] Zo)& No. 3 COTs} U@ No. 3 WBIZHA] &g
€k Fig 1191 38 2+ A7 e 34 de 39S vl
watd Jepignh A252 Ao 32z fd Jazte v
€ yehdoh 47 8L 94 2% ART7} gl 52 12X
o] B%E, telohz=g ¥ A2 47 9UA] "ol As/8le
A WUze A+-g vehdo 44 48L& ARTE 7HA2 2
£ Az 99 A9E vt Fig 1125 38 &% 7
& &3 ART, UA 2 1231 44 2F €98 ¢ + o

Fig. 9 Proposed General arrangement of FPSO

cor cor cor

i K WHT B,

Fig. 10 ART applied to mid-ship section of GoM FPSO

Conventionat
-+ wio bilge keel

w/ bilge keel
w/ al-ART

Roll/Rollmax

06 08 1 1.2 1.4 16
o/o,

Fig. 11 Roll motion with bilge keel and ART in waves
6. A =

2 @704, ARTS] FPSO #§o] 7F5 8¢ thee) deoe
38 ¢ 4 ok

(1) 88 %ol 53 U-tubed ART, A U F Apzt 2
o o3l FadE AU

(2) BYHE 7HAE U-tubed ARTE WL ¥ 1H F7)
AT Ik wEhd, We Eele Be 14 T Ja

S A2 F AT

Mo

@) 22 ZW5oA 8 £F Bro] el ARTY) Edhs
WA AR $53k

(@) 2B 7HNE ART 04 718 AVshe 348 AE
Stk BYuce 4o 2RH of ARTS) nf 7718 24

3= o] a3t
%12

Bell, J. (1966). "Activated and Passive Controlled FluidTank
System for Ship Stabilization", SNAME Annual Meeting,
New York, November.

Ikeda, Y., Himeno, T. and Tanaka, N. (1976). "On Roll Damping
Force of Ship-Effect of Friction of Hull and Normal Force of
Bilge Keels", Journal of Kansai Soc. N. A., No. 161.

Ikeda, Y., Himeno, T. and Tanaka, N. (1977). "On Eddy Making
Component of Roll Damping Force on Naked Hull", Journal
of SNAJ, Vol.142.

Ikeda, Y., Himeno, T. and Tanaka, N. (1978). "Components of

_34_



Roll Damping of Ship at Forward Speed", Journal of SNA]J,
Vol. 143.

Ikeda, Y., Fujiwara, T. and Katayama, T. (1993). "Roll Damping of
a Sharp-Cornered Barge and Roll Control by a New-Type
Stabilizer", Proceedings of ISOPE.

Kim, J.K and Park, LK. (2002). "A Study of the Application of
ART to a FPSO", Proceedings of the 47th Workshop on
Ocean Engineering, Korea.

Lew, JM, Kim, HC and Choi, BJ. (2002). "Development of
Passive and Active Anti-Rolling Tanks", Proceedings of
ISOPE PACOMS-2002, Daejon, Korea.

Lloyd, ARJM (1989). "Seakeeping; Ship Behavior in Rough
Weather", Section 184 Passive Tanks, Ellis Horwood
Limited.

Na, J.H., Lee, W.C, Shin, H.S. and Park, I.K. {2002). "A Design of
Bilge Keels for Harsh Environment FPSOs", Proceedings of
the 12th ISOPE 2002 Conference, Kyushu, Japan.

Park, LK, Yang, JH. and Shin, HS. (2004). "Roll Motion
Reduction Devices for Harsh Environmental FPSOs",
Proceedings of the 14th ISOPE 2004 Conference, Toulon,
France.

Park, 1K, Shin, HS. and Cho, J.W. (1999). "An Experimental
Study on Roll Damping for Tanker-based FPSO",
Proceedings of ISOPE-99, Brest, France.

Park, 1.K, Shin, HS., Kim, ].W. and Cho, J.W. (2000). "Roll Center
Effect on Damping for FPSO Sections by Experimen’,
Proceedings of ISOPE-2000, Seattle, USA.

Schmitke, RT (1978)."Ship Sway, Roll, and Yaw Motions in
Oblique Seas", Transactions of SNAME, Vol. 86.

Stigter, C. (1966). "The Performance of U-Tank as a Passive
Anti-rolling Tank", Publication of the Netherlands Ship
Research Center, TNO.

Vugts, ].H. (1970). "The Hydrodynamic Coefficients for Swaying,
Heaving and Rolling Cylinders in a Free Surfaces",
Netherlands Ship Research Center TNO Report No. 112.

204 ¥ ¥ 93 AHF
s004 € o HF FHE MY

_35h



