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Abstract — The present study aims to design an optimized hull shape of a floating pendulum-type wave energy
converter(WEC). The purpose of these structure is to improve the performance and stability of the WEC by reduc-
ing its motion under operating and survival wave conditions. In this study, motion reduction structures, like restor-
ing and dampling plates were installed on a floating pendulum WEC that has been the subject of previous studies.
Restoring plates were installed to increase the restoring force and shift the natural period to a shorter period.
Damping plates were installed to shift the natural period to a longer period by increasing the added mass. The
effects of the structures were then analyzed under different incident wave conditions. The design parameters for the
motion reduction structures were size, shape, and installed position. The wave-induced motion characteristics and
performance of the floating pendulum WEC were also investigated numerically. Based on the simulation results,
we are able to optimize the motion reduction structure of the WEC, thus improving its efficiency and durability.

Keywords: Floating wave energy converter(Y--2] 2}2] 2t %2]), Motion reduction structure(<*-5 4 7H4-),

Pendulum wave energy converter(¥ AF8 324 ZX]), Model experiment(5-3 413)), Higher-order boundary
element method( A3 7| L 4H)
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Fig. 3. Shapes of floating wave energy converter with motion reduc-
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3 20
Basic Basic
: = = = = wi Back Damping Plate ~ = = = wiBack Damping Plate
25 memsmemn wi Side Damping Plate ——— wi Side Damping Plate
. wi Back & Side Damping Plate 15 wi Back & Side Damping Plate
< 2 i i :
< i
g 5 N i
2 -
L 1 [T
R
05 INAE -]
i\
A
% ¢ 10 15 2 1
T(sec. T(sec.)
(a) Heave, Head sea (b) Pitch, Head sea
3 20
Basic Basic
= = = = = wi Back Damping Plate = = = = wiBack Damping Plate
25 == wi Side Damping Plate =1 emems: wi Side Damping Plate
wi Back & Side Damping Plate 15 ——-—-o wi Back & Side Damping Plate
2
<
® <
$i5 S 10f - 1\
T e N
1 ¢ TEEErees v
S/ 5 -
05 . L -] / 4 N,
: i e = |
1/" i i i = rs? o ———
0, 7l H i 0, i
0 5 10 15 20 0 5 10 15 20
T(sec) T(sec)

(c) Heave, Beam sea (d) Roll, Beam sea

Fig. 9. Comparison of numerical motion responses according to damp-
ing plate.

W gxlel 71Q1%k 2o A Zhajate] Aol Adaglo] e 5
719 AR e 718 BYle & 5 Sivk

grivt gl Swstel] thelf B AdehE 2 (Fig. 9(a), (o)l Bl
&L (Fig. 9(b)o} FEL(Fig. 9(d)°] Wzpt F=ejict. 54
1l =1 9] ‘34-4-4 ‘r7}°ﬂ oJal} {rhdwo] Tkt FE 8
Z o] W FRES] AR 102 FEOR olFshaL, B
Aol 7415 8] S7ER -5 =717} A2l

Feaol vA= 59 g L vvjsAt Fees 5
w2 JEE A o etk S el el FE
8 THFII7} oF 2% Wk o) EEta, %9 V|7 HEO 7 Fo
o0k 5 AR e TSR NS AR IARE S
7ol 2 9 T e € 3Tk

ke e Avnm Ao YT Htel] yehhs 52
olo] 2 Ws} glovt i 2] AN el dolehs 8
2 20 S T ARl 9 Wl A5V olEsh
A e A77F kAt ek ek sl 58 5]
M= A0 5e Bolal ot

Fig. 10~12= Z4j3o] gl 71 vx2a3 Haas A 7
ZE20 FAAN AAE vlashas, 2 m yn|e] g A T
Zzol tish elnd AddE a7 EAIRE Zlolth

e vul= S o] A A9 1~4 me] e, ¥
Aot S]] Sl AAE A 1, 2 mo] vv]e] ois] Ake 5

FFAll A 2] 8l AP A 85

35 25
= Num, Basic
3 - Num, Plate length : 1
20 Num, Plate length : 2
—25 _ ~ Num, Plate length : 3
E“Y E -+ Num, Plate length :4
5 2 gp: EXP, head sea, H = 1.5 m|
< 4 i
215 % 10 ix
io 1 : A \\'\
- AN,
05 ) N \:‘-::‘::_-.v.
i [}
o % 5 10 15 20
T (sec.
(b) Pitch, Head sea
35 25
----- Num, Basic == === Num, Basic
[c| S—— 1L Num,Platelength:1f | @ [|=eeee Num, Plate length : 1
e Num, Plate length : 2 20 Num, Plate length : 2,
—25 - Num, Plate length : 3| —_ o e o e Num,Plate length : 3|
£25 - a . i3
£ i 1%
< i oA
£15 n Y ER :
2 1 N gw_:i"'- e |
'\'J' i .
0.5F -~~~ S
JN e
K 5 10 15 20 15 20
T (sec.) T (sec.)

(c) Heave, Beam sea (d) Roll, Beam sea

Fig. 10. Motion responses of the basic
plate in regular waves.

structure with back damping

35 25
-------- Num, Basic Num, Basic
3k Num, Plate length: 1 - == Num, Plate length : 1
Num, Plate length : 2 20F Num, Plate length : 2
POy S = Num, Plate length: 3 - I Num, Plate length: 3
£ « Num, Plate length: 4 g =« Num, Plate length: 4
E 2 EXP, head sea, H=1.5m 5 L EXP, head sea, H=1.5m
<
215 F
©
o
T 1
0.5 ;
H 1 H
% 5 70 5 20 %
T (sec. T (sec.)

(a) Heave, Head sea (b) Pitch, Head sea

35
------- Num, Basic Num, Basic
3 Num, Plate length: 1 + Num, Plate length: 1
Num, Plate length: 2 Num, Plate length : 2
PR Y] S Num, Plate length: 3 + Num, Plate length : 3
£< - == Num, Plate length: 4 = Num, Plate length : 4
E 2 EXP, beam sea, H=1.5m EXP, beam sea, H=1.5m
<
215
©
o
T 1
05
0, L H 0 L |
0 5 10 15 20 0 5 10 15 20
T (sec.) T (sec.)

(c) Heave, Beam sea (d) Roll, Beam sea

Fig. 11. Motion responses of the basic structure with side damping plate
in regular waves.

kit

2 m vAv] o] 3 el it Al
10~12014] &%) =17)¢} Aapo] & Axeh}, e} A A4
7] o) glell F7HARL Zhafdel] &% A/ 5o dF}ow Usf 7
o] A A 8% Fela] At FA|ARTe] ME Aol BRItk

Fig. 12(a)ellA] ks Q= 9% F-ZolA Addzte] vls) 4]

Axt A7} G, Fig, 12(b)ollA] HEgwhs: Hol= 58 1
F7)E FAAAFNA oF 0.5% 71 7oA B Hr) o=
A ARI] AR o] JRES deshA] vigsto] v At
=g

FAARY A= Fig.

el o] sl 6 5590 2671 R 10-12)
2ol iAo wslac). $ 7hie] ola) FE8 AT



86 g - g

==+ Num, Basic
=+ Num, Plate length: 1
Num, Plate length : 2 20f
- EXP, head sea, H=1.5m

....... Num, Basic
....... Num, Plate length : 1

Num, Plate length : 2
M EXP, headsea, H=1.5m

Heave/A (m/m)

0 5 16 15 20 % 5 16 15 20
T (sec.) T (sec.)
(a) Heave, Head sea (b) Pitch, Head sea
35 25
------- Num, Basic = = = ===+ Num, Basic
sk I Num, Plate length: 1 ieeimimiee Num, Plate length : 1
Num, Plate length : 2 Y] HE— Num, Plate length : 2
=25k | | EXP, beam sea, H=1.5m —_ u EXP, beam sea, H=1.5m
EZ ; i E ;
Eob T e dimmimiminie
~ @ i
< s ;
SO S S S S .
z1® r 3 £ 10f
@ o
T 1 AN REEY [
sk
05
% 76 15 20 % 5 70 5 20

T (sec.)
(c) Heave, Beam sea

T (sec.)

(d) Roll, Beam sea

Fig. 12. Motion responses of the basic structure with back & side damp-
ing plate in regular waves.

20 20
Pitch_Head sea

Tp=12s,Hs=8m

N
(&)
T
1
N
(&)

1
o
Wave Spectrum (mA2s)

Pitch/A, Head sea
S
T

[,
T
i
i
i
i
L
i
i
i
[
6]

Period (sec)

Fig. 13. Motion RAO and irregular wave spectrum.

Fig. 103} 7¥o] 83ollx] 1257k4] Wslatar, S 7ol 2s) 2
&8 35717k Fig. 113} 7o) 8%elA] 145714 wsgleict. 714
o] 719} A 91A1 8] WEkE S8l SEESAaS M ¢
o] O ; ) e o]q

Akt F71el whe 58] Wske Il 4] A
5o TAACE Frkep| Sl T wE - EH %
2AEYS AYgTHste] Er3 3 F S5 8HE :
B v AEZ AL YT F7](peak period)7| 12%, 2] 3}a1
(Significant wave height)7} 8 mQ! ITTC A EHS AMSIS 1L
A FHE S8l At 58 AT ERE AEsio] vJﬁi
$H(SDA, Significant Double AmplitudeyS A THFig. 13).

drautel S gt A AR 9] dsksast o Fse, F
521 Fig 149} 2o} Ahs 2 Auvlels Suzkdoe], &
el A= Szt o] 5 Azgtel aplo|tt. Tt Fs
QofA Adelsaol nisl gt Jgo] F=e#)Al ‘)rE}UrJ_ T
7]1:5 T,ti_%__r/l- QJ/]__/] J/}. o) o]—ﬂ] §]EO.‘:. ch 71-‘,,]_4- 24

21l F-&

\

= 9 R AR &EsHe A7) S

B

>,
i

9.00 i Head sea
8.00 Beam sea
7.00
6.00
Heave SDA 500
(m) 4.00
3.00
2.00
1.00
0.00
60.00 u Roll, Beam sea
Pitch, Head sea
50.00
40.00
Roll & Pitch
SDA(deg.) 30.00
20.00
10.00 -
0.00
basic back side back & side
damping damping damping

Fig. 14. Comparison of significant motion responses of the structure
with damping plate in irregular wave.

Fig. 15. Shapes of the structure with restoring plate.
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Fig. 18. Motion responses of the basic structure with back restoring
plate in regular waves.
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Fig. 19. Motion responses of the basic structure with side restoring
plate in regular waves.
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Fig. 21. Comparison of significant motion responses of the structure
with restoring plate in irregular wave.
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