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Motion response of FPSO system under bimodal
spectrum waves
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Abstract: The South sea of China is affected by tropical cyclones and typhoons in the western Pacific Ocean,
which are prone to double-peak or even multi-peak waves in the form of mixed waves, which are potentially
hazardous to the operational safety of marine floating structures. Therefore, based on the potential flow theory
and considering the influence of different loading states, a comparative study was conducted on the motion
response of FPSO and shuttle tanker side-by-side system under double-peak spectral wave and single-peak
spectral wave states. The motion responses of the two hulls in the double-peak spectral wave states of mainly
wind waves, wind waves and surge are equal, and mainly surge and the single-peak spectral wind waves state
are calculated respectively. The calculation results show that (1) the amplitude of the motion of the two hulls
in vertical, horizontal and longitudinal directions increases with the increase of the ratio of the low-frequency
energy to the total energy; (2) it is the largest when the surge is dominant, the second largest when the wind
waves and surge are equal, and the smallest when the wind waves are dominant; (3) the motion amplitude of
both hulls in the double-peak spectral waves is greater than that of the single-peak spectral wind waves under

the premise that the total energy is the same, and (4) the motion amplitude of both hulls in the double-peak
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spectral waves is greater than that of the single-peak spectral wind waves. The study shows that the influence
of double-peak spectral waves should be considered in the mooring design and safety planning of FPSO
operation system.
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Tab.1 Main parameters of FPSO Tab.2 Main parameters of shuttle tanker
BB BRK/m MSE/m B%/m Zkm HokEe S BK/m BSm B%/m zkm HEKEA
JE# 207 36 16 5.7 31126 JE# 235.6 46 24.1 16 151 505.8
ek 207 36 16 87 49444 ek 235 46 24.1 11 104 748.4

e 207 36 16 12 97771 K= 235.6 46 24.1 8.5 77766.1




%5 9 1 FBBCRAF: FPSO S55E R GUAE RUBTEIIR T 3z - 1399

1.2 MESH

R F v U AR B 7 XU IR YR P T o B LB ), A S FH XUR N = (R R 1 o 2 a0
RIS (| RARE 45 L TR F2 (R RE I o 3 T ) = PN [R] 26 g oL e v ™. e
Fb A3 BT USSR RS 2 B 1 235 SR 5 PR RO S T 19 28 5, i i 2 R ] JONSWAP i
AL BLIG IR TR, R0 YR SR T Ochi—Hubble 7~ 208!, HARME 25060 5 500k i L 306 5 30
FICARSHL, e AR i A5 3 o ) R AE S B8O R 2 A o R0 3 7 Hp A UG T3 It TR 5 YLD 3 I TR A
AR F], A RO R I BEE R 2.5 m, TR AUETE IR S H0 4 5 BIGE i ik 1 T 5 B =33 R FF— B
R R AT 0 S0 30 308 T T 0 S A A 7 A g TR R (g S U, S e A R 3 e JE 390 A
4.5 s ANAE, M IAT 4 R I 7E 8~16 s YOI AEfk, BRI 3.

R3 KRITELR

Tab.3 Wave calculation conditions

B IRAAY WIRTE A0 i /m 06 R 11 /s
KR JONSWAPii 2.5 45
R JONSWAPi% 25 § 10 12 14 16
TR AR A 2.236 45
PRI A =5 S I TR Ochi—Hubbleii#
{RIRER 53 1.118 g8 10 12 14 16
FRATR A 1.768 45
JATR A 224 X0 % 35 TR Ochi—Hubbleii#
" B ERIREB 53 1.768 8 10 12 14 16
TR AR A 1.118 45
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{IRER 53 2.236 g8 10 12 14 16
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Fig.1 Schematic diagram of multi-point mooring system Fig.2 Schematic layout of the connection system
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Tab.4 Specific parameters of multi-point mooring and side-by-side connecting system

2 K J#/m A& /m 1H/ (kgm ") T T 38 FEE /N NI EE/N

HEE 200 0.147 380 1.900E7 1.627E9
GLE 300 0.128 79.5 1.589E7 1.505E9
F RS — 0.12 — 1.03E7 3.18E8
% — 4 — — 1.786E6
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Tab.5 Surface elements number of hull wet surface
TS FPSOWi#i—Z R4 R M FPSOR - MilieF Mmoo  FPSOM#R—ZF M He il 4 yn 4L
FPSO 11 781 9913 8950
FERIMEE 5100 6301 7283
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Tab.6 Comparison of 6-DOF motion responses of FPSO

TV /m BEFE/ (°) YL/ (°)

B —— fﬁﬁ 0.32 0.61 0.48
I/ IMA -0.50 —-0.64 -0.47

SR fﬁﬁ 0.77 0.41 0.56
I/ IMA -0.88 -0.70 -0.52
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Fig.4 Maximum tension of mooring cables of FPSO
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Fig.5 Maximum tension of side-by-side cables
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Tab.7 Statistical values of motion amplitude of FPSO and shuttle tanker

B iRE
JEERA BRI TP /m HERE/ (°) Yz (°)

FPSO  ZFHim%e FPSO  ZFHim% FPSO  ZFRih%

AR 0.203 0.138 0.044 0.152 0.026 0.058

FPSOMA . ZERI L Rhﬁéﬂbjz 2423 3.608 0.166 0.557 1.137 1.629
RURAY 4393 6.557 0.272 0.844 2.147 2.598

MIRAE 5428 8.396 0.400 1.227 2.560 3.792

FARUTR 0.231 0.450 0.196 0.567 0.032 0.036

FPSOMEHL . 48 Mt At m@ﬁi 2.503 2.977 0.790 1.059 1.193 1.369
KU AH 24 4.597 5.351 1.043 1.478 2.248 2.643

MRAE 5883 6.712 1.536 2213 2763 3.242
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