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ABSTRACT: Tidal current power is one of the energy sources of the ocean. Electricity can be generated by converting the flow energy of the
current into the rotational energy of a turbine. Unlike tidal barrage, tidal current power does not require dams, which have a severe environmental
impact. A floating-type tidal current power device can reduce the expensive support and installation cost, which usually account for approximately
41% of the total cost. It can also be deployed in relatively deep water using tensioned wires. The dynamic behavior of a floater and turbine force
are coupled because the thrust and moment of the turbine affect the floater excursion, and the motion of the floater can affect the incoming speed
of the flow into the turbine. To maximize the power generation and stabilize the system, the coupled motion of the floater and turbine must be
extensively analyzed. However, unlike pile-fixed devices, there have been few studies involving the motion analysis of a moored-type tidal current

power device.

In this study, the commercial program OrcaFlex 10.1a was used for a time domain motion analysis. In addition, in-house code was used for an
iterative calculation to solve the coupled problems. As a result, it was found that the maximum mooring load of 200 kN and the floater excursion
of 5.5 m were increased by the turbine effect. The load that occurred on the mooring system satisfied the safety factor of 1.67 suggested by APIL The
optimum mooring system for the floating tidal current power device was suggested to maximize the power generation and stability of the floater.
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Fig. 1 Costs for tidal current power system component (Vazquez
and Lbhlesias, 2016)
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Fig. 2 Mechanism around blade element
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Fig. 3 Flow chart of iterative motion analysis
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Description Value
Width [m] 55
Length [m] 80
Height [m] 40
Weight [ton] 25,270
Disp. [m’] 247
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Fig. 5 Designed floating type tidal current power device
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Table 3 Turbine loads analysis result

LoaI(\ilocl:ase Thrust [KN] Thrust dev. I\EIIS;In;?t Mg;r\l/e.:nt

1 309.6 6.8 338.9 42
2 547.4 10.0 450.7 4.9
3 852.5 13.8 562.4 5.6
4 311.3 389 339.2 213
5 549.3 52.0 451.0 21.5
6 854.6 65.3 562.7 21.7
7 319.3 92.0 340.6 49.5
8 558.2 122.1 4524 49.7
9 864.4 152.5 564.1 49.9
10 154.8 34 239.6 3.0
11 273.7 5.0 318.6 34
12 426.2 6.9 397.6 3.9
13 155.7 19.5 239.9 15.1
14 274.7 26.1 318.9 153
15 4273 32.7 397.9 154
16 159.6 46.1 240.8 35.1
17 279.0 61.2 319.8 35.2
18 432.1 76.5 398.9 354

Fig. 6 Mooring line layout

Table 4 Mooring tension with a various load cases with turbine

Load case No. Max. tension [KN] Line No. Std. Dev.
1 402.3338 1-1 12.5
2 558.8096 1-1 15.9
3 817.9315 1-1 24.3
4 513.5729 1-1 26.6
5 701.7993 1-1 39.8
6 1030.969 1-1 59.7
7 666.8946 1-1 46.8
8 930.9297 1-1 67.6
9 1311.669 1-1 107.4
10 659.3693 4-1 57.0
11 792.5558 4-1 57.6
12 989.2022 4-1 59.9
13 1081.043 4-1 124.8
14 1310.183 4-1 137.3
15 1641.159 4-1 143.9
16 1357.692 4-1 136.6
17 1702.308 4-1 163.2
18 1903.318 4-1 187.7
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Table 5 Design criteria (API, 2005)

Tension limits

Analysis method Equivalent FOS

[% of MBL]
Quasi-static 50 2.0
Intact
Dynamic 60 1.67
Quasi-static 70 1.43
Damaged )
Dynamic 80 1.25
Table 6 Specification of mooring chain
Specification Value
Type 64mm R4 studless
Length [m] 425.7
Normal drag diameter [m)] 0.064
Mass per unit length [kg /m] 82
Axial stiffness [kN] 349,798
Minimum breaking load [kN] 3534.84
Factor of safety 1.67
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Table 7 Analysis result summary

. Mooring Legs
Condition -
Max tension [kN] Factor of safety
Intact / Dynamic 1944.32 1.82

Minimum breaking load [kN] 3534.84 (Corroded)

AF AU Nominal diameter 64mme] Studless R4 Grade
chain® 2 TAE 0™ 3867kN2] MBL(Minimum breaking load)
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