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Abstract — Multiple wave energy converters (WECs) mounted on a floating platform differ in their dynamic
behavior due to the hydrodynamic interaction between the platform and adjacent wave energy converters and the
power take-off (PTO) mechanism. The dynamic performance of each WEC on the platform can be calculated using
multi-degree of freedom equations of motion in the time domain, then the mechanical power of the individual
WEC can be numerically obtained. In this paper, the dynamic behavior of multiple WECs mounted on a floating
platform and the mean extraction power are calculated by using a multi-degree-of-freedom time domain analysis
tool and some WECs is relocated to improve the power generation. The relocation of the WEC was selected by
taking into consideration of wave height inside the platform and the RAO of the individual WEC, and it was con-
firmed that the average extraction power was improved in the optimum arrangement.

Keywords: Wave energy converter(3}2 %7 %X]), Optimal arrangement(Z 2] 8l X]), Multi-DOF(CFAH- &=
Coupled analysis(31433l147), Time domain analysis(A]7+F < l14)
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Fig. 1. Conceptual design of hybrid power generation platform (a) 3D (b) 2D sketch.
Table 1. Specifications of platform and WEC Table 2. Environmental conditions
Unit Value Unit Value
Mass of platform ton 25,146 Type JONSWAP
Mass of single WEC ton 74 Water depth m 80
Draft of platform m 15 Significant wave height m 3
Draft of WEC m 5 Peak wave period sec 6.67
Column span of platform m 150
Center of gravity of Platform (from SWL) m -0.66 _
Center of gravity of WEC (from SWL) m 1.91 Arg eIl 8- S0 Table 20 efahgict.
Z7] e e AT S5kl AlEweld A2 Al 400%
7k gpol] o)% 918 e HA 07 71N 7 0 ¥ (Ramping) ©]F
2 Zlofek, Aol mhE akgke] Wato] 0° W 22,500 10,8005 (3A17) w1 AlEHOIAE Fasle] FE W A vt
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RAOK T} SHA| vreh= 7430l QU th(Lee er al[2018]). ©]2] &t
A AAE v R 247]9] AgA] TRk o] W
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Table 3. Average power of WECs (original arrangement), irregular wave
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Rank Average power [W] WECH# Rank Average power [W] WECH#
1 34518 6 1 32360 4
2 34516 19 2 27819 7
3 31099 17 3 27597 5
4 31099 8 4 26568 6
5 28509 15 5 25091 12
20 20568 2 20 16908 21
21 17957 16 21 16785 22
22 17955 9 22 12849 10
23 16836 11 23 11486 16
24 16834 14 24 11358 9
Average 24972 Average 21270
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Fig. 4. Rearrangement of WECs (a) casel, (b) case2.
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Fig. 5. Average power of WECs (7, = 6.67 sec) (a) = 0° (b) f =22.5°
Wave heading angle p=0° Wave heading angle p=22.5°
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Fig. 6. Average wave elevation (7; = 6.67 sec) (a) B =0° (b) p=22.5°.
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Fig. 7. Average power of WECs (7;=5.46 sec) (a) p=0° (b) p=22.5°
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Fig. 8. Average wave elevation (7;=5.46 sec) (a) B =0°, (b) p=22.5°.
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Fig. 9. Average power of WECs (irregular wave, T, = 6.67 sec) (a) B =0°, (b) B =22.5°.

4
X
=

3 @i}oﬂ"ib J}E—:]“Lﬂﬂx] S) —r‘%‘ | tiAIz o= §ixtete
ghare] nlElste] SR = 21s RIS 7 UL ErE T A
Fol|xfi= G nlElsle] Sk A obd o w ER1gnt o=
AT 537 o9 ] R s SR E ol Q7] wiell AfHl
A8k A7F T 7719 dAeM = e e AR E
T olem, o]Z 1k AT AE-S AR e R 4 nldlete] Frksh
A = 710 7 AlZHE) SHAYE Casel?} Case22] A= v]ws]
& uf, 9 g x e 1857(T)9 =2 112 9ke] Tk ¢
o] vl A & Ao gzhek 4= Qlrk. AA % Case29} 1ol

AR s AAHR] e FEE 71 5 vk

A1 Aolek QT 71
¥ Bgud 7B 35 99 45

100 kWi sH =] 247] Z 5 gl AH]

Sk, Zh2be] N2 e SR 25 S AR 9
M T S BN S 019~6}0% NER 5 gom, o8 B
3 P8 AR A F 1A kS EAF

QEFHEE B0l A A2 A0 B2
WAL 7IE SRS A S AI) £8 A A
v 252 S AEACIE m 7} ke



132 s

gelich A e Slat AMAE st
2 3he 339 32t Y Z2awe
WAMITS o]g3fo] Z9E o] 725} 2128 Atsiic. o]
9, A 4o} 2712 A AT I A
ZE
717}

o) THPTAPAE 1%
o2

A4 o2 S 7

ubA g o) 3657)(T,)2 S ARgskolth 2 B9 % 7
Fo] =& X E gRlIste] 217 Casel?} Case2= AuiA|5taL f
Zztel EatE gl thate] AlRE Gof AlEweldE X3S 1
23} AlEglo]A AIelA Casel?} Case2t 7]E EEQ] H-9H
o Al A 0% Het 35 997 RYE e, et X% wste}
it = 999 vuE FE ARG 5 Al
oz 7HE A9 YAkt Thare] vk
AT} vk, A Ik S ollA] 3AIE AlEHo]A Bfo
vl w3kl 713 Oh Aael= thas Adolsh Ak AiE
SATh. BHAINE Casel#} Case29] A¥H= HliL ‘Hi o, ©el 5t
AR 9] AHF7NTH 2L 125k shar 3]
o et g 9}‘:} HAINA O T Case2$} 7LO] ANA]
sk AR ARl Ht FF A=

et

= o
TEEES

o
£
ek o

oy

0

iin)
)

s

il
1o 0 3 @ -y o

il

01.
=
Lkl

rE 2
L Hn o

1
°F 3.3%2

O

1] #2ske Beste] sheuage)

ol 25745 8
QLS 1k vt 9
4909 30 Al e 9
e o]t

7|

o

£ ATE 20189 % A AR (MOTIE)S] Aoz st
IR 7143 7FA(KETEP)?] U FIANT T53lld &8
Bl AlF)Ad 9 whdgk S 918k 0&M V| LFEY ) 07
A ito} =aisl 1 FA A3 7Y THNo. 20184030202200). 5=
3t o] =2 20198PA % AlFoghy WA HH ARl 2J5te]
A= AF YT

References

[1] Bae, Y.H. and Lee, H.B., 2017, Multi-DOF Time-domain
Analysis of Wind-wave Hybrid Power Generation Platform, J.
Korean Soc. Mar. Environ. Energy, 20(3), 127-135.

[2] Child, B.F.M. and Venugopal, V., 2010, Optimal Configuration
of Wave Energy Device Arrays, Ocean Eng., 37(6), 1402-1417

[3] Cho, L.H., 2016, Diffraction and Radiation of Waves by an Array
of Multiple Buoys, J. Ocean Eng. Technol., 30(3), 151-160.

[4] Cummins, W.E., 1962, The Impulse Response Function and
Ship Motions, Schiffstechnik, 9, 101-109.

[5] Journee, J.M.J. and Massie, W.W., 2001, Offshore Hydrome-
chanics. First Edition, Delft University of Technology.

[6] Kagemoto, H. and Yue, D.K.P., 1986, Interactions among Mul-
tiple Three Dimensional Bodies in Water Waves: an Exact Alge-
braic Method, J. Fluid Mechanics, 166, 189-209.

[7] Kim, K.H., Lee, K.S., Sohn, J.M., Park, S.W., Choi, J.S. and
Hong, K.Y, 2015, Conceptual Design of Large Semi-submersible
Platform for Wave-Offshore Wind Hybrid Power Generation, J.
Korean Soc. Mar. Environ. Energy, 18(3), 223-232.

[8] Kim, M.H., Ran, Z., Zheng, W., Bhat, S. and Beynet, P., 1999,
Hull/mooring Coupled Dynamic Analysis of a Truss Spar in Time
Domain, Proc. 9th ISOPE, Brest France.

[9] Lee, H.B., Cho, I.H., Kim, K.H. and Hong, K.Y., 2016, Inter-
action Analysis on Deployment of Multiple Wave Energy Con-
verters in a Floating Hybrid Power Generation Platform, J.
Korean Soc. Mar. Environ. Energy, 19(3), 185-193.

[10] Lee, H.B., Poguluri S.K. and Bae, Y.H., 2018, Performance
Analysis of Multiple Wave Energy Converters Placed on a Floating
Platform in the Frequency Domain, Energies, 11(2), 406.

Received 27 February 2019
Ist Revised 27 March 2019, 2nd Revised 1 May 2019
Accepted 11 May 2019



	부유식 플랫폼에 탑재된 다수 파력발전장치의 최적 배치에 관한 시간 영역 해석
	요약
	Abstract
	1. 서론
	2. 파력발전장치의 최적 배치
	3. 최적 배치 결과 및 고찰
	4. 결론
	References


