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Stability research and analysis for cylindrical floating production

storage and offloading unit
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Abstract: As the cylindrical FPSO being constructed by COSCO shipyard, righting lever curve of the unit is studied and stability
character of such cylindrical FPSO is obtained. On the basis of FPSO actual operational conditions, a series of typical loading
conditions are set up. Then according to the stability requirements of DNV and MARPOL regulations, stability check of such typical
loading conditions is carried out. And the curve of allowable VCG height is calculated to provide reference for FPSO operators. It is
concluded that cylindrical FPSO can meet the stability requirements of both DNV and MARPOL regulations after calculation. Main
influencing factors on stability of cylindrical FPSO are also researched, and the influencing factors are the main hull dimensions,
loading conditions, flooding point positions, tank division and arrangement and wind heeling lever, etc.
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Fig. 1 3D model of cylindrical FPSO Fig. 2 Righting lever curve
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Tab. 1 BM comparison between cylindrical and cuboid body

JEAR L/B=1 L/B=1.05 L/B=2 L/B=3 L/B=4 L/B=5 L/B=6
KI5k BM 1 1 1 1 1 1 1
53 = A BM 0.95 1 1.91 2.86 3.82 4.77 5.73
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Tab. 2 Comparison between cylindrical and ship-type FPSO of similar sizes

JEAR Lpp/m B/m D/m d/m A/t BM/m KB/m KM/m KG/m GM/m
[53] e 72 70 70 32 22 92 000 13.2 10.4 23.6 18.9 4.7
fi 210 36 21 13.5 93 000 8.3 7.0 15.3 12.4 2.9

22 BN G &S

W 3 pis, B8 11 GZ=BR-BE=BR-BGxsing , H:H" BG -5 IEIFIHF O A HO A & 22 5 T4
FERREE T, BG EIEARNE ; BR ARG — R £ B A7 U v 7K S 1) B s A0 IR | U 56 4 vl HE VK A
FRAEAR BT . DNIEL 3 7 04 (B i 280 - 15 = AR A it ) 1 T AR 381, R AR Sl b 38 o B R I A,
MK T AN IR A, 45 78 T %) HE AR AR Rl A5 77 O (o B W 7K ST A 1) % 8 P 8 B R, DT 3R A5 B R 1Y
BIF . 3 HIZ FPSO BURTAH] 32 m, B3t THZ 10 m, 8K TR fdifs A K AR 28 K, BRI, i T
TR EBAY AN F DL A R AT , B 3175 FPSO Ay K2 IR AR B A A, A% 5 RE R A5 4
ARt

155 BT H S AL FPSO HEATXF HE , IR SRR GZ thR AP 4 A 3 s, X He ] AR H [
A FPSO fe KB VB R FiarE M 2 S AW T K, AR AL FPSO kT 2% A ms KRR R A %
Fof i 2 R B KA E X 25 R TR M A B, PRI T DA, [R5 580 FPSO L [RILA
MRS FPSO A 4 S 4F iR R BE

MR 35

W TN 30} —
— =~
£25
#r
=20 R
rd
j?‘j 1.5 y 4 s
E10f i \~
. N
05+ /7 N
4
0.0 &= : y ;
0 10 20 30 40 50 60 70
/)
B3 ZIRIE GZIRE E 4 REAEFEE FPSO #iatk 67 thZest
Fig. 3 Description of righting arm GZ Fig. 4 GZ curve comparison between cylindrical and ship-type FPSO
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Tab. 3 GZ curve comparison between cylindrical and ship-type FPSO

M/ () 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

[5] fF 5/m 0 0.41 091 157 216 247 277 288 279 251 208 154 092 0.05 -

AL/ m 0 026 053 082 1.16 154 180 194 198 1.8 170 143 1.09 072 032
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Tab. 4 Information of typical loading conditions

M5 ARZEE/bbL HEEN/%  HEKkEA HZ7K/m T/ m GM/m KG/m KGL/m
L1 400 000 10 89 290 21.33 10.67 4.49 18.59 19.24
12 400 000 100 91 920 22.00 10.00 4.12 18.89 19.51
L3 200 000 10 84 740 20.18 11.82 8.60 14.51 15.24
14 200 000 100 87 371 20.85 11.15 7.98 14.99 15.74
L5 40 000 10 74 780 17.64 14.36 5.49 17.84 18.93
L6 40 000 100 77 410 18.31 13.69 5.14 18.25 19.09
L7 0 10 69 129 16.21 15.79 5.73 18.92 19.26
L8 0 100 71 759 16.87 15.13 5.15 19.32 19.55
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Tab. 5 Full load conditions comparison between cylindrical and ship-type FPSO

syl HEK B/t B D/m ZK d/m T F/m d/F KG/m
[ EE ~92 000 32 22.0 10.0 2.2 18.9
A ~93 000 21 13.5 7.5 1.8 12.4

4 FRMERZ

4.1 XTFRMEEENER

VEBRR MR A A W SE AT AT T S S — 20 WA N — . ZHT IMO A2 UL A Kt ik
FUBA LT 16 A 1 FPSO BIRRPEASAZ BEoR . 10 4FRT, 25 — B 51 4 RS -7 & RO 3 T s, AGamb
AEgRAt . WA FURBR AT C T B 5 B 7 & F AR A R IF T IR AR RIS . BT 24 ) [ 5 77 5
FE SRR RIGEE S, T AL E R T IMO MODU Code X H:Fa 2 4 i Fa PSR AR A A AR 1
B FRGEREG 5665 BAARE, SHZME R LR — BAAEE R, St it —3 iR i
2 WEAR AT T 2014 4 & A0 B & Tl SR 2R AR DNV-0S-C301, B R [E B 55 A T 8L
. IR A [ £ B 5 2 A AR O & MUK 207 & B85 G0, B bR it ) T4 A S i i e | i 4i e
L %) S ) e B v 20 ) 20 S O MBE . AR FPSO A BRI At , DR e 34 R bR i b A T 115

FPSO 755505 /&2 MARPOL $RYG AR o X T MARPOL 45 35 Bl (4% s o [ RE AR AR 6 il . 1E 5810
AR R B ) ELARAE M R R S 2R A T3 S A AR , T A O A A A S5 B A1 2 A /1 , 7 e PR [ 280 o o
A FPSO BRI M TeVE A 2RSS FPSO ) 32 B 0] LA AR B ZS, FR R i K 2
225 m XA e A B R, DR s R e Ak = B STt Ik . ASCUS R AR 58 75 % MARPOL #47
FarERA
4.2 DNV R R Z
4.2.1 PRI

R DNV BIRSPEAR o, 3T A B AL AR R A F FE0 i BE R £k, SR S 7R 2 28 T B0 i SE PR



28 s B B Ry B 3 A 7 i B AR R I 20 A 31

DSV FESEAT O, AR SE PR AR, DUHIE B I T 00 SRR M 20K S MR R A L P B Z 2 AE 1
ABVRIE, BTV O R B BUE BT A e 2 2 25 i, PR SE PR 005 VM EAT LU 3B 2575
JETBAE B P R DO HL O R BE RSN, R L FPSO 5 EACAZ I 45 5 Il BRI, YRR B, LAFR ) e S I 1Y)
AT, It FPSO MR 16 DI A, s G20 KO 11,250 LUSEAT LA 434 FR 2088 o
MIEYIA

4.2.2 FErEAEiE

1) SERFaME, ML FPSO i /2K 6 I 58 BARPE B 20K
#® 6 DNV EERMEEEERK
Tab. 6 Intact stability criteria of DNV Standard'*
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Tab. 7 Damage stability criteria of DNV Standard"”’
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Fig. 5 Stability check results of typical loading conditions
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