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ABSTRACT

Tidal current energy is a renewable energy that has the advantage of being predictable by generating power using periodic

tidal movements. Because a tidal current energy converter system is installed underwater, maintenance costs are high, and a

systematic review of various factors must be performed in advance. In this study, an integrated load analysis was performed

to review the blade pitch control problem of tidal current energy converter system. The impact on system performance was

analyzed in situations where blade angle adjustment was not possible. It was confirmed that when the blade pitch angle is fixed,

the fluctuation range of system power increases above the rated flow speed, and it is found that power generation is difficult

even at high speeds when one blade is fixed at the feathering angle. This study is expected to enhance the current understanding

and provide a valuable reference for developing a horizontal axis turbine in a tidal current energy converter system.
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Fig. 1 Grid of the tidal current model(red dot: IMW Tidal
Energy Converter installaion site)
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Fig. 2 Time series of the tidal current model(2024, 07.)
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Table 1 Design wave (Ko §", 2016)
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Fig. 3 3D geometry of 1MW tidal current energy converter
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Table 2 Blade specifications

Chord Length | Pre-Twistin; Thickness

span o | vC | 0L TR et |
0 100 1600 2097 1600.00
300 100 1600 2097 1600.00
750 78 1875.98 2097 1469.73
1000 67 1936.76 17.98 129035
1250 60 1791.65 15.44 1080.00
2250 39 117476 9.01 463.13
2750 31 106733 747 329.42
3000 28 1045.87 6.98 292.84
3250 25 1036.44 6.62 259.11
3500 24 1031.91 6.36 247.66
3750 24 1025.16 6.15 246.04
4000 24 1009.09 5.96 24218
4250 24 976.55 574 23437
4500 23 902.14 5.46 207.49
4750 2 62535 5.07 137.58
5000 21 117.89 4.53 24.76

Table 3 Specifications of design load cases

Case Nomal operation | Normal stop | Emergency stop | Parked
DLC 1 DLC 2 DLC 3 DLC 4
1 0.8 0.8 2.0 4.7
Hub 2 1.5 1.5 3.0 5.0
height | 3 22 22 4.0 -
Velocity | 4 29 29 - -
(sl [ 36 3.6 - -
6 4.1 4.1 - -
G || || o
Wave 0SS NWH NWH ESS
Tide Mean range | Mean range | Mean range | EWLR
3.2 dAlstE=U
IMWE ZFHALE] A5 2 o1 B4 B4
e AASEZR 7 (design load cases)S 123t E3slE
Sf4S Yttt Table 3o Yrehd 2} 22 AL
(DLCY), 87378 #(DLC2), BIHAI(DLCY), A(DLC4)
eioll thgt dAsks2S Askal 2o 4o gt 53

stealldE askith A W AARA e AlE
< (cut—in velocity)Ql 0.8 m/sHE 1185221 4.1m/s
HOE 6TA R FHEste] ZHzbo] it S3skssiAls 3
stqich HAAA] Al 2.0, 3.0, 18] 4,0m/s9] G

of gt FRlstsalAe sk, RHolA ALH e
T22 S Hr1elr] Ya AR AlElE 4.7 9 5.0m/s
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Table 4 Ultimate loads at blade root(blade coordinate)

BladeCoordinate root | Mx | My | Mz Fx Fy Fz
Max. D]L6C 632 | 883 | -132 | 273 | -160 0
Mx biC
Min. 16 -205 | 230 | -109 | 56 61 13
Max. D]L6C 535 | 1115 | -133 | 365 | -135 -2
My DI;C
Min. 6 38 | 241 | -126 | -46 -16 25
Max. [;LIC 2 9 0 4 0 -10
Mz DI;C
Min. 13 -9 250 | -250 | 100 23 42
Max. D]L6C 535 | 1115 | -133 | 365 | -135 2
Fx bLC
Min. 16 38 | -241 | -126 | -46 -16 25
Max. D]L6C =205 | 230 | -109 | 56 61 13
Fy DI;C
Min. 16 632 | 883 | -132 | 273 | -160 0
Max. [;L3C -10 166 | -243 | 78 19 43
F DI;C
Min. 3 -41 -53 -14 14 -12
42
Table 5 Modal analysis results
Mode type Frequencies [Hz]
Edgewise 19.85
Blade
Torsional 42.65
Torsional rotational 1.62
Side-side translational 3.10
Vertical translational 337
Structure
Fore-aft translational 3.69
Fore-aftrotational 8.30
Side-side rotational 16.39
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Fig. 5 Power variation in tidal current energy converters at

current speed of 4,1 m/s
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