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ABSTRACT: To predict rolling performance for a barge-type FPSO, the evaluation of correct nonlinear roll damping is critical. The squarc
scction of FPSO causes a fair amount of viscous damping effect. Free roll decay tests were conducted to estimate nonlinear roll danping for a
barge-typ FPSO of three different  loading conditions. The roll motiom RAQ was deduced by model tests in the wave condition of wideband
spectrum. In numerical calculation, the quadratic damping was considered as equivalent linear damping using the results of free roll decay fest.
Tested roll performance in JONSWAP wave spectrum was compared with numerical results. These hwo results show good agreement, in spite of

proximity in peak wave period and roll natural period.
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Table 1 Main Particulars of LNG FPSO
ltem unit Loading Condition
Design Ballast Towing
Length, Lpp m 48.23 448.23 448.23
Breadth, B m 70.0 70.0 70.0
Draft(FP) m 14.25 14.88 8.58
Draft(Mid) m 14.25 14.88 8.94
Draft(AP) m| 1425 14.88 931
Displacement m 411,871 430,800 253,534
LCG m +8.35 +8.11 +7.83
GM m 9.69 16.94 28.05
KG m 2.4 17.79 224
Kyy=Kzz m | 0.25Lpp 0.25Lpp 0.25Lpp
Kxx m 0.37B 0.37B 0.36B

Fig. 1 Photos of Tested Model
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Fig. 2 Roll Decay Curve for Design Condition
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Fig. 3 Diagram for determination of Damping Value in
Connection with Eq. (2)
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Table 2 Quadratic Damping Value

Loading Roll Natural I+ ay, buo

Condition Period [sec] [ton- m] [ton- m7]
Ballast 14.9 4.14E+08 1.02E+09
Design 214 4.64E+08 1.63E+09
Towing 13.7 3.39E+08 9.80E+08
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Fig. 6 Roll RAO for Ballast Condition in Beam Sea
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Fig. 7 Roll RAO for Design Condition in Beam Sea
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Fig. 8 Roll RAO for Towing Condition in Beam Sea
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Table 3 Irregular Wave Conditions

Environ.|Loading [Type of Wave {Sig. Wave |Peak R «
emar]
Condition{Condition |S; Height Period
100-
| Ballast | JONSWAP 4
On-Site . 45m {150 s| retum
Design ( 7=2.0) .
period
1
, | JONSWAP Oyr
Towing | Towing 10.6m (14.7 s| retum
(7=3.3) .
period
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Fig. 9 RMS Values of Roll and Lateral Acceleration at
Heli-Deck for Ballast Condition (Hs=4.5m, Tp=15sec, Beam
Sea)
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Model Test  Calcuiation
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Fig. 10 RMS Values of Roll and Lateral Acceleration at
Heli-Deck for Design Condition (Hs=4.5m, Tp=15sec, Beam
Sea)

Model Test  Calculation
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Fig. 11 RMS Values of Roll and Lateral Acceleration at
Heli-Deck for Towing Condition (Hs=10.6m, Tp=14.7sec, Beam
Sca)

Table 4 RMS Values of Roll and Lateral Acceleration in
Irregular Beam Seas Listed in Table 3

Loading h“;‘]f"‘lm]’(\ﬁ‘;':‘]‘m at Roll [deg]

Condition Exp. Cal. Exp. Cal.
Ballast 0.59 0.62 235 229
Design 0.23 023 0.66 0,61
Towing 116 121 492 504
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