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ABSTRACT: The performance of a wave energy converter (WEC) that uses the rolling motion of a partially submerged pendulum plate in front
of a quay wall was analyzed. The wave exciting moment and hydrodynamic moment were obtained using a matched eigenfunction expansion method
(MEEM) based on the linear potential theory, and then the roll motion response of a pendulum plate, time averaged extracted power, and efficiency
were investigated. The optimal PTO damping coefficient was suggested to give the optimal extracted power. The peak value of the optimal extracted
power occurs at the resonant frequency. The resonant peak and its width increase as the submergence depth of the pendulum plate decreases and
thickness of the pendulum plate increases. An increase in the wave incidence angle reduces the efficiency of the wave energy converter. In addition,
the WEC using a rolling pendulum plate contributes not only to the extraction of the wave energy, but also to a reduction in the waves reflected
from the quay wall, which helps to stabilize ships going near the quay wall.

1. M = Orkney®l| $1X]3F EMEC(European marine energy centre)ol| A 43|
o A=4392 mxth Waveroller= 8l QHd © 2 HE| 0.3-2km,
7t 5 37 5dhs IAATS o] 89 WA (Ocillating 4] 8-20mell A3 A A otk 13 HEAA <
wave surge converter)= &7 F4%(Hinge point)°] A ol B2 /NFS Oyster2} ¥ 523l 23 HEAX] = Oysterd} Ea] AH
Fefe}t A H vigte] w2 FujE B/ 5 ik olHd 739 Ar|E Aiske Bdolth #4F A 5she AL 92
A 2 AA F83) DAl o e EH gt B e AYEEE FEAA HS R golZ A e 2
X2 Oyster(Whittaker and Folley, 2012)2} Waveroller(Lucas et al,  f315 <At 1 23 & 49| 5= AU EEHE
2012)7F Stk 200089 tH Z=WFE-E] Aquamarine PowerAtell &8l 7 FEAI7IH, o= 7R & A4kske 5] . ol
e Oystere A8 7H7kolol] YIX|ate oA E FFdtt A= RYe BE FEFE2 Aush THe s oa a4
(Whittaker et al., 2007; Whittaker and Folley, 2012). 13} 8742 ElE FXFoksith. FUo = Aus|FZEHEA T4 (Korea
Tl A A EFoUAE =& Yo R EE 8492 research institute of ships & ocean engineering, KRISO)oll A
2 BWE FEAIA A7E LRI Oystere] AL Hadke]  WaverollerS HE 3 F7-2] 1218 gyl 4d =& dste] o
AAT-E F500 A7A st FARSF7E folsithe Holth, A AFAEE &4 Foll JTHNam et al, 2011; Park et al,, 2012;
TS As Ao, M 7oK, v AlSEX 7 EQ Qs Nam et al, 2012).
o). A& 3719 Oyster 2717} 200933 2011\ )] ~FZERE speabAAR] o] AT 2 ] FAE AFHEGHS uf, )
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Fig. 1 Definition sketch of a rolling pendulum plate.
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Fig. 2 Non-dimensional added moment of inertia(a), radiation damping ~ Fig. 3 Non-dimensional added moment of inertia(a), radiation damping

coefficients(b), wave exciting moment(c) as a function of width
of a rolling pendulum plate for d/h=0.5, ¢;/h=0.0, h=10m:
Lines are for present MEEM solutions and symbols are for

Wamit solutions.

coefficients(b), wave exciting moment(c) of a rolling pendulum
plate as a function of submergence depth of pendulum plate
d/h for =0 without quay wall.



214 II-Hyoung Cho, Hyebin Lee and Yoon Hyeok Bae

Fig. 32 ko] Qi el A xxpake] 37119] ksl 71
Zo](d/h=0.3,0.5,0.7) W3}o] w2 R} A wdAE WA A
7, X BRIEE R Qlrth A2 HAkie] 1] Zol7k
Z7VeETE Fakro BAGlo] F7F BAEANE, YA AT,
R BRE BF 2R AL & S ok &3], PARRAS
o} 71X RHEE fARE S490] JelE BoFa k. A
A2 Zo|7t 2V eESE D aghe Tvkslal 9ags F= Fu
7t AFag YHoR olF3hE AL B ¢ QUth

Fig. 45 <8 ol zrjgto] £l Afolt) MAwa by
Arele] AFE FAF 2tHs/h=1.0). YA o] gl= H$
HREPE wvh/g=15810 2 AFuleEg o= 2ot B4
BRE, MAAASE S7)- ZRlES 3 mgko] thh 713
g AL AR F4Y dEs BT oy a3y
wVh/g=158TF & IFFFHoMs A Fu¢ 1HH0=
23}o] F(Spike)7t WS B & Qth ol WAtE ek}
ole| A WA= FXANT LS B-Ho] ok 53], AT
o] 21 ZlolV} AETE AAW QhEAlolo {FA|7F vro g
WA U712 Bt FREgE F3lo] Yehdth wyh/g=1.70l
A dojye FRe FHRAA(s/A=m/2, m=0,1,..)4 F
ARE ;=19 I3} s/A=059 Lx]3T}

Fig. 5t 29199 Hughs F= H2 ) Prog4AISb o)
£ <o) §le A9 2Elo] = A= U FAdskE Fale
(wVh/g)2} JARe] 271 Zlo(d/h)ell whet A Rkt ofuf ARE-
g AR AL Wh=10, p;/p=2.0, t,/h=0.1°]H, F4L
10m=Z 33Utk H A PTOASATE AW EA Fapol A Ha
#He ZtE EAS BRIt oY H&pE Fv= B FusE
21 290l FAZ JARY AT DT YA S
71 Zol d/h=03, 05, 0.7° D3t FHEF LHFTIT=
wvh/g=0.939, 0.617, 0.445°|tk. HZ ] PTOTA A FollA HAa
e e AR FHES TUMAA SxE MLl AF
o Hlglshz FE39 9] 7S onsitt = ehy o] {70
Agle] AH PTOZA AT HAhe T+ T AT
3 LTIt YA g

Fig. 6= PTO-on “JEollA] b8 GlE 79} ko] Qe 74
S thsle] 37325 RAO(Responses amplitude operator)E -}
dsle Fulpo] wel 28 a1 elth PTO-on/dElol Al A3
PTOZAAIGFE A 397} 325 AAY 80 o) S F3A
o} At A AR Fabd sk AR FAE ¢/h=0.10]1,
At B & F7] 98] Ak UEE Rt FAE
pr/p=2.0°Itk 3HE RAOFANA AFatr-FH 4 et
g mage diadz LS LTI (wVi/g=0.939,
0.617, 0.445)2} YA gHc}. B3], ko] Q1S wf a4 o
A e 25871 00] YElUs FaeE AT b
Atole] 2437 FAG Gl s FRRE Pt
FXF el X gk ko] gle -9, AR A Ao
7t 371 e} AT FRNFHTE AFHFPYG2 R o
Bt TAE WA E Y] V1R FolEH TXFE Fo
e AFE BAFT QUth Elo] 4 E A 8%
Hlmste] FxIFalpol| Al A gko] okt F7taiH Zo| &

%

o=t Zgpo] Vehd,

[e%

O O

il

N
4

¢

O H2
2o

ag(w)/ ph'W
0.20 -
/’\\ : —— d/h=0.3
/ : —
] e d/h=0.5
1~ \ :
015 \ : ——— dh=0.7
\ /
\ [ l
0.10 \ It I
\ It | A
\ /! i I
\ /| i B
Jy e
0.05 - \\ // "4

-0.05

-0.10 T T T

b, (a))/pgmh”zW

0.16
0.14 -
012 1 —— dh=03
......... d/h=0.5
0.10 A ~ i ——— d/h=07
/N i
0.08 /
- /
!
!
0.06 - |
1
!
0.04 /
!
0.02 - /
/
s
0.00 A .
0 3 4
2
m (B, @)/ pgh®W
04
~
N
o
/ \
/
0.3 | \\
! \ —— d/h=0.3
| \\ I R d/h=0.5
/ \ ——— dh=07
0.2 ! i
|
|
|
|
/
01y
/
/
/
/-
/.
0.0 +4= ; : :
0 1 2 3 4
o\h!g
©
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plate as a function of submergence depth of pendulum plate
d/h for s/h=1.0,=0" with quay wall.
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