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Coupled Dynamic Response of Rotating Aquaculture Platform Mooring System

Based on Time-Domain/Frequency-Domain Potential Flow Theory
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Abstract: A study was conducted on the dynamic response characteristics of the mooring system for a rotating
aquaculture platform using a new mooring method of “thick-and-thin chain”. Based on SESAM, frequency domain a-
nalysis of the platform under complete self-existing conditions and coupled time-domain dynamic response analysis
of the platform mooring system were carried out, and the platform-motion response, chain-tension statistical charac-
teristics, and platform drift under this novel mooring method were obtained. The calculation results indicate that the
new mooring system of “thick-and-thin chain” can effectively constrain the platform motion, and all motion responses
meet the usage requirements. The chain strength meets the specification requirements. Research has found that under
the condition of wave and current in the same direction, the dynamic tension of the “thick-and-thin chain” mooring
system follows a normal distribution approximately, and the mean is equivalent to the static tension.
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Fig.2 Model schematic diagram  Fig.3 Platform hydrodynamic model (left—shell model,right—-morison model)
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Tab.1 Flow coefficients

W/ ()

Current direction

C,/(N-s*m7?)C/(N-s*>*m?) C,/(N-s>m™>) C,/(N+ > m™") C;/(N- s> m™") C;/(N- s> m™")

0 2.73 x10° -3.25x107"  -1.77x107"  1.09x10"" —-1.43 x10° 2.82x107°
15 2.60 x 10° 5.55 x 10* -1.35x107°  2.90x10’ -1.37x10°  -1.99 x10

30 2.25 x 10° 1.26 x10° -2.98x107°  5.95x10° -1.20x10° -7.42x10

45 1.73 x 10° 2.01 x10° -4.56x107°  8.71 x10° -9.53x10° -1.48x10°
60 1.13 x10° 2.67 x 10° -5.40x107°  1.08 x10° -6.55x10°  -2.22x10°
75 5.26 x 10* 3.12 x10° -5.31x107°  1.22x10° -3.27x10°  -2.77x10°
90 1.01 x107" 3.28 x10° -5.08x107°  1.27 x10° -8.00x107" -2.97 x10°

3 XWERSHM
3.1 KB AHERESRI S AT

PR FASTRIEFEN 0. 05 ~2. 50 rad/s, AK K 0.05 rad/s, RIE K 0°~90°, [AIFE 15°, Hislita
K HI SESAM. HydroD (2013 fR) 58, V512 s IR (A )i 5 F (response amplitude operator, RAO)
e niE s ~ & 10 iR,

RS RY . FEE5B MmN S5TR ISR, 2577 ) N S IEAAH R, 76 M A0 (A0
(0.05 rad/s) B IERARWEE, ZWURAEH FLBHR ARG R Z A5, #5d0. 05 rad/s DI 1 iR (G
T, B, FREGERRLY, HEEKALIRTREMN /N, BT EAR SRR, AR
P2 N FIRE G 1 42 2l 0 fa AR — 3, T B I NEE B $2 32 3l 43 0 AE A I3 0.8 rad/s il
1.2 rad/sHH BB RWEARL, XA IR TR BN 7. 85 s F15.24 s, SRR, ANidiXmii A i
M 2414/, B KIRAE A 0. 04 rad F10. 11 rad, IR MR RIIR M4 900}, & R 2RI MR
DRI RE iz ol R BRI A R 00/, SF& EERI NG . BOS MGEE, 78 5T BE BUS R G B,
AR5/, SR K B R B A 0. 03 rad,
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F2 B TR AT NIRRT S, 23 A T SRR AAE T R A AR R KR S, R
G353 B R SESAM. DeepC (2013 JiR) 5EM.
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Tab. 2 Summary of static tension of anchor chain under different current directions

PAAT Unit: kN
- 0°¥i[i] Current direction 45°3i 1] Current direction 90°¥i[n] Current direction
it)
w5 ot wram O T g seeamton T O g sppsgy TS
Chain  Maximun Vertical force Horizontal Maximun Vertical force Horizontal Maximun Vertical force Horizontal
number tension  on platform force on tension  on platform force on tension  on platform force on
platform platform platform
1 10.2 -10.1 1.6 i -9.6 1.2 10.1 -10.0 1.5
2 10.0 -9.9 1.5 .8 -9.8 1.2 .9 -9.8 1.5
3 340.2 -95.5 326.5 18.9 -16.3 9.5 .9 -9.8 1.5
4 156.4 -48.7 148.6 21.2 -17.6 11.9 10.1 -10.0 1.5
5 156.4 -48.7 148.6 79.7 -28.9 74.2 321.1 -87.8 308.9
6  340.2 -95.5 326.5 625.1 -156.6 605. 1 236.9 -68.9 226.7
7 10.0 -9.9 1.5 33.2 -22.3 24.6 236.9 -68.9 226.7
8 10.2 -10.1 1.6 74.6 -38.4 63.9 321.1 -87.8 308.9
9 1.1 0 0 0.3 0 0 0.8 0 0
10 485.3 0 0 21.4 0 0 0.8 0 0
11 485.3 0 0 693.7 0 0 547.0 0 0
12 1.1 0 0 90.2 0 0 547.0 0 0
®3 EEATFIARA#ERNLCE
Tab.3 Summary of maximum anchor chain tension under complete self-survival conditions
B = B KEsEERL ) R KEHERL T
Chain Maximun tension of anchor chain/kN Chain Maximun tension of anchor chain/kN
number Dir0° Dir45° Dir90° number Dir0° Dird5° Dir90°
1 47.4 36.3 13.9 7 35.2 67.6 549.2
2 36.2 40.5 24.4 8 46.1 276.4 644.0
3 497.7 80.9 24.5 9 12.3 4.7 5.8
4 299.0 81.9 13.8 10 790.6 34.6 5.8
5 293.0 329.7 644.3 11 787.2 1200.7 1189.0
6 499.4 898. 1 549.7 12 11.2 325.9 1188.0
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R4 HENNESSHHUEER
Tab.4 Normal distribution fitting results

Probability density distribution/10°

of anchor chain tension

A Unit; kN
THL ek HME bR BEEFIRL T
Working ~ Chain Mean Standard ~ Static tension of
condition number value deviation anchor chain
Dir0° 10 488.9 78.0 485.3
Dir45° 11 696.5 125.6 693.7
Dir90° 11 550.2 180.2 547.0

AN 50. 3% F176. 0% ; X F Dird5° T80, RIARGM 5 . B IS 50 B/ 47.6% |
54.4% F170. 3% ; XFF Dir90° T4, FRIARGAM -5 #5355 MTEZ 50 5008/ 31. 7% F161.9% , Al LA
B RIARG AR S TG1250, X FREIVE XA Emissh TS,

x5 TRIEFHUEEE
Tab.5 Displacement range of platform motion

PAf] Unit: m
it A ERRE2 e i
T  Longitudinal Lateral Vertical
Working ~ displacement displacement displacement

condition KA fR/ME RAME FME FRME F/ME

*x6 THREFEXLEEHMRER
Tab. 6 Short term forecast results of the maximum
range of platform motion

HA7 Unit; m
Hhmhits REmAA% e[l 1%
T4 Longitudinal Lateral Vertical
Working displacement displacement displacement

Max Min  Max Min  Max  Min condition fp JAH f/ME FoRfH fR/MA KA Fe/IMA

Di0° 252 22.1 - - 0.95 1.0l Max  Min__ Max  Min  Max _ Min

Di0°  3.12 -3.12 - - 409 -4.09

Dird5° 16.1 13.3 175 142 134 1.4 o 50 567 360 —3.62 4.69 —4.69

Dir90° - - 25.1 185 1.99 -2.12 Dir90° - - 4.83 -4.83 5.40 -5.40
4 Hig

AT I SESAM FAEXIIE e RIS RLBE + diiE” BRI T TR B -RIBREN

WA IS T B, AU 45 e

1) e IR GRS I ERER 4 2) =

SR AT

BT AR EE Y5 B AT S VS AR 20K s 3) TRIREN [ E, BEERL A AT G RS A, HAL o
MPBHE SHEEFRLIA Y 4) PG RAREE + 40820 RI0 RS0 A PR EF S e R T 192 3h
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