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Finite Particle Method Analysis of Snap Behavior in Catenary
Mooring Lines of Deep-Sea Floating Wind Turbines Under
Combined Wave and Current Conditions
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Abstract This study employs the Finite Particle Method (FPM) to conduct an in-depth investigation of the
snap behavior in catenary mooring lines of deep-sea floating wind turbines under combined wave and current
conditions. A nonlinear analysis method for mooring lines considering both geometric and material
nonlinearities was established. The dynamic tension variation and snap behavior of mooring lines under
different wave amplitudes, frequencies, and tangential drag coefficients were simulated and analyzed. The
results indicate that snap behavior typically initiates at the upper end of the mooring line and gradually affects
the middle and lower sections as the wave excitation continues and intensifies. Wave amplitude and frequency
significantly influence the dynamic tension and snap behavior of the mooring lines, with larger wave
amplitudes and higher frequencies leading to more intense snap occurrences. The increase in tangential drag
coefficient reduces the movement amplitude of the mooring lines, thereby decreasing the occurrence of snap
behavior and enhancing the safety and stability of the mooring system. This study provides theoretical support

and technical reference for the design and optimization of mooring systems for floating wind turbines.
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Fig.3 Initial configuration of the catenary mooring line
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excitation amplitudes
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excitation frequency and different excitation amplitudes
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Table 4 Maximum and minimum tension at point C
on the lower end of the mooring line under the same

excitation frequency and different excitation amplitudes
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Fig.8 Tension variation at point A on the upper end of the mooring line under the same excitation amplitude and different

excitation frequencies
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Table 5 Maximum and minimum tension at point A on

the upper end of the mooring line under the same

excitation amplitude and different excitation frequencies
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{E/m K /Hy KAH/KN /IMA /KN
6 0.2 4045.03 O(RBERA)
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6 0.05 1465.51 448.62
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Table 6 Maximum and minimum tension at point B in
the middle of the mooring line under the same excitation

amplitude and different excitation frequencies

i L Ip K i rhE sk o B
{E/m F/Hz KAA/KN /IMA/KN
6 0.2 2 884.72 0 (ZBkAA)
6 0.1 2076.75 0 (ZBkAA)
6 0.067 1425.24 216.01
6 0.05 1248.51 456.97
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Table 7 Maximum and minimum tension at point C on
the lower end of the mooring line under the same

excitation amplitude and different excitation frequencies
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{/m #/Hz KAH/KN /IME/KN
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6 0.067 1362.41 225.86
6 0.05 1291.08 612.97
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Fig.9 Tension variation at point A on the upper end of the mooring line with changing tangential drag coefficients
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Table 8 Maximum and minimum tension at point A

on the upper end of the mooring line with changing

tangential drag coefficients

WOE | WO | VIR | sk iR ik i
{E/m #/Hz, TEE | KAEHAN /ME/KN
3 0.1 0.02 2092.09 0Bk A& A)
3 0.1 0.04 1828.34 0(Z= Bk A)
3 0.1 0.06 1693.58 176.36
3 0.1 0.08 161691 217.03

Sy I B 2 A WA, 48 3 B Bk AT D A R]
REMEZ A FRAR
[l R, S 1 ) 1 4t T 2R R el s ]
RE 2 X 4828 Pl Bk g 3 A 50, K A [R] U1 16 46
HI F BN BER I B ORI S C s 5K g 48
PEREELHN T, AN 9 A1 10 7 o
®9  VIEERNRBHEMBERPEB RKS
BRXE&NME
Table 9 Maximum and minimum tension at point B
in the middle of the mooring line with changing

tangential drag coefficients

WhiE | WOAR | BImdERL | chERsko | sk g
{E/m) #/Hz HEK | WKRMEAN | AMAKN
3 0.1 0.02 1 420.56 140.67
3 0.1 0.04 1413.34 148.73
3 0.1 0.06 1397.58 151.87
3 0.1 0.08 1395.16 154.22
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Table 10 Maximum and minimum tension at point C
on the lower end of the mooring line with changing

tangential drag coefficients

WhiE | MR | WAL | Rk R | ik g
{E/m #[Hz AEY KA /KN /IME/N
3 0.1 0.02 1389.28 164.59
3 0.1 0.04 1367.97 179.63
3 0.1 0.06 1 359.62 223.84
3 0.1 0.08 1357.19 235.85
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e RAB M 1 420.56 kKN, /M A 140.67 kN ; 2547 [71]
i 8 T3 K 0.08 B, 25 &R R Y ok ) S5 KA K
1 395.16 kN, fiz/ME N 154.22 kN, 5 R sk /1

() e FCARLYR /N 8 AT 2.59% , e /DM 488 R
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