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Abstract

From a social point of view, safety has first priority in development of the wave energy converter (WEC). In this paper, tank
tests and numerical simulations for safety assessment of the floating movable object type of the WEC are introduced. Two
types of movable object type are picked up. One is a translational motion convert type, including the point absorber type. The
other is a rotational motion convert type, including the articulated motion type. Severe load which disturbs safety conditions
are clarified in the tank tests and numerical simulation. The point absorber type WEC has a generator driven by motion
difference between a base floater to keep position and an oscillating floater to resonate with ocean waves. The generator was
simulated with damping and restoring systems. In this time, the oscillating floater was controlled with negative restoring
force for resonation with ocean waves by the generator. In the test model, normal condition and malfunction of the generator
was simulated. The articulated motion type WEC has floating bodies connected longitudinally with hinge joints and a
converter. The converter uses hydraulic mechanisms driven by rotating motion of the joints in waves. The test model
comprised one to three floaters. Constraint conditions of the joint installed between each floater were weak damping, strong
damping, spring, fixed, and free. The damping condition simulated the generator. The spring and the fixed conditions were
simulated malfunction of the mechanism. For each type of devices, tank tests and numerical simulations were carried out, and

those utilities were confirmed.
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4.2.2.2 THRBKAPEERAE R

FHAN R L0 AN ERERF 4510, RU—RALY ML A 4.14-% 418 1277

VSN SRR ST D AR MIVARIRRBIC L D —VEA RSN Ao NnS. £

vy FilE), #%E

e LUy TR L OB EGtTT— A > FO AT FUE, HEH 125 (0.83Hz) & 1.6s (0.63Hz) D2
RTCE—7 ZRfoTnA, ZiUE, 1 FEERIX 2 FEREN R E L —B LT, AN mICR DB AT

DWFTNFE LTS,

F4.5 THRAGKASRER ARKER 1.50s, HXEIKS 0.100m) [34&, 5 >/3—0.3Nc]

W EHEAT  (RF R B fEAT) ALY S VIRNT
SERIME | Rl | BoME R | A ERR | AR | A RIRIE
NG m 0.0003 0.1099 |  -0.0919 0.0253 0.0497 1.50 0.0506
P—1 (RIEE) m 0.0116 0.0866 | -0.0511 0.0159 0.0249 5.44 0.0317
t—71 (RiEAE) m 0.0000 0.0740 | -0.0642 0.0184 0.0362 1.59 0.0369
vy F 1 (RIEAE) deg 0.07 10.80 -10.66 2.72 5.22 1.42 5.43
P—2 (HEEE) m 0.0110 0.0846 | -0.0516 0.0156 0.0245 5.33 0.0312
t—72 (FEE) m -0.0005 0.0593 | -0.0607 0.0165 0.0325 1.63 0.0329
vy 72 (FREAE) deg -0.06 8.30 -8.82 2.14 4.25 1.47 4.27
=3 (BIRA) m 0.0094 0.0788 |  -0.0517 0.0151 0.0236 5.12 0.0302
t—73 (thiZK) m -0.0002 0.0657 | -0.0730 0.0179 0.0352 1.60 0.0358
vy F3 (1REK) deg 0.20 8.27 -8.94 2.29 4.48 1.46 4.58
eV T (8 deg 0.12 13.78 -16.51 4.01 7.64 1.37 8.01
LY Uy T (1) deg -0.26 12.49 -12.82 3.49 6.77 1.39 6.99
P24 EFx1 (i) N 0.28 9.58 -10.60 2.32 4.56 1.50 4.63
e A Eh B Fzl (FiT) N 0.01 10.49 -10.13 2.60 4.99 1.23 5.21
Pt EEMy1 (i) N m 0.03 5.27 -5.27 0.85 1.90 1.32 1.69
A A EFx2 (1) N 0.29 7.43 -7.38 1.97 3.92 1.54 3.94
BRI EF2 (#£) N -0.09 13.86 -15.22 2.94 6.07 1.30 5.89
BB EMy2 (%) N m 0.02 3.82 -3.34 0.53 1.17 1.34 1.06
BAREITE— A b (BIBE) N m 0.01 3.29 3.42 0.76 1.44 1.23 1.51
TR E— A > b (R N m 0.06 4.92 -4.78 1.16 2.20 1.29 2.33
TR E— A > b ($B7RIR) N m 0.02 2.31 -1.91 0.45 0.88 1.17 0.90
1REEBES (7) N 0.15 1.09 -0.63 0.19 0.27 4.64 0.39
IREEBE S () N -0.07 0.33 -0.54 0.10 0.15 5.11 0.20
fREESD (k) N -0.07 0.31 -0.53 0.10 0.15 5.47 0.20
0.005
0.004 -+
“0.003
E
§ 0.002 |
0.001 -+
0 T
0.0 0.5 1.0 1.5 2.0 2.5

(192)

Frequency [Hz]

X414 ASE/NT—ZRY ML (BEHKE# 1.50s, HEKS 0.100m)



N Zh s AL Ze) =y Sop > Parant = = 7 =t GIN SN He
g LEANZ 2RI IRE 168 H2 5 RES CER28HEE) hals 61
0.005 0.005 120
0.004 | 0.004 100
— — = 80
& 0.003 £ 0.003 S
E E 2 60
30,002 | 2 0.002 a
a o g 40
0.001 | 0.001 2 | k
[ L 0 [
0.0 05 1.0 15 20 25 00 05 10 15 20 25 0.0 05 10 15 20 25
Frequency [Hz] Frequency [Hz] Frequency [Hz]
AL sery s 3 o
(ATFE) H—T1 E—7J1 EvF1
0.005 0.005 120
0.004 | 0.004 100
- - = 80
& 0.003 & 0.003 IS
E E 2 60
30.002 | 3 0.002 a
2 & 2 40
0.001 | 0.001 2 | ﬂ,\
0 0 0
0.0 05 10 15 20 25 00 05 1.0 15 20 25 0.0 05 1.0 15 2.0 25
Frequency [Hz] Frequency [Hz] Frequency [Hz]
o s S °
(iR H—22 E—72 EwF2
0.005 0.005 120
0.004 | 0.004 100
= = = 80
< 0.003 % 0.003 S
£ E 2 60
2 0.002 | 2 0.002 a
= & g a0 4
0.001 0.001 2 | /J\,\
0 0 0
0.0 05 10 15 20 25 00 05 1.0 15 20 25 0.0 05 10 15 20 25

Frequency [Hz] Frequency [Hz]

E—73
EED/INT—ARY FIL[3

$—3
X 4.15

(BiF)

PSD [deg2s]

I
]
5 8 8 8 8

~
S

o

0.5 1.0 15 2.0 25

Frequency [Hz]

0.0

EVOEYFAGD

Frequency [He]

EvF3

&, #EEEB: 0.3Nc]

120

80

PSD [deg2s]
P
2

0.0 0.5 1.0 15 2.0 25

Frequency [Hz]

EVCEYFA (R

416 E2CADINT—ARY MLERKER1.50s, HEKS0.100m) [3 4K, #EEHB : 0. 3Nc]

(193)



62

40 50 6
35
s |
40
30 | _
w25 =30 | at
< < £
220 Z z3
a (=] =
D15 220 a,
2
10 {
10 i
s |
0 : : 0 i : : ! 0
00 05 1.0 15 2.0 25 00 05 1.0 15 20 25 00 05 1.0 15 2.0 25
Frequency [Hz] Frequency [Hz] Frequency [Hz]
TR LA v
(AE&HEE) Fxi Fz1 My1
40 50 6
35
s |
40
30 _
- _ =4 |
o = 4
a2 230 T
220 2 z3
o o =
20
215 g2 2, 2
10 { 0
ol N M
0 0 0
00 05 1.0 15 20 25 00 05 1.0 15 20 25 00 05 1.0 15 20 25
Frequency [Hz] Frequency [Hz] Frequency [Hz]
4 PaNvi
(RESEFE) Fx2 Fz2 My2
6 6 6
51 5 51
&4 o T4
€ € €
z3 z3 z3
22 22 221
1 //\/\M 1 1
0 o 0 A i SO
00 05 1.0 15 2.0 25 0.0 05 1.0 15 20 25 00 05 1.0 15 20 25

Frequency [Hz]

(RAPREIFE—AH)
BMy1

Frequency [Hz]

BMy2

Frequency [Hz]

BMy3

417 WMEDINT—IXARY ML (EERE1.50s, HEIKS 0.100m) [3 4K, #E&HEF : 0. 3Nc]

0.4 04 0.4

03 03 03
4 & 4
202 202 202
o o o
g g g

0.1 k 0.1 //L 0.1 /k

0 JW\A - { 0 - - 0 |
00 05 1.0 15 20 25 00 05 1.0 15 20 25 00 05 1.0 15 20 25

Frequency [Hz]

RERA (A

Frequency [Hz]

RE®RN (BHR

Frequency [Hz]

RERSN (ER)

4.18 RBERAD/INT—ZARY ML (EHEKER 1.50s, HEIKS0.100m) [3 4K, #EEHEB : 0. 3Nc]

(194)



W LEAZeTEpE H 16k 25 FES CEK28FE) waWs 63

4.3 EHBEREIENFAEEEEORIEE

4.2 B ORI 2 5P 521, B S EEAEE L R K 91T, 3.3.1 il Lo RER ezt v 7
FY =TI K DRFREEIT Y. AREBREE R L et 5 2 & T, R E R R B E k9 D AT
N =7 OFRME R T 5.

4.3.1 TEETILHLUVHEES

IKFERER R & — L OBAEFE AT 9 O T, HEETAOFEHFFE 41 LR U ThA. HEET LD | BESLS
DNV GEIKZ K 419 17T, TT 4 =—3 3 I (INVE &R, SR IIRE), #KE, BRG]
J1% WAMIT ver.7 ZHWTEH L2, 728, AET AT, MEORHARENE S HRIZERNTHNDHDOT,
HTWENUNTH D & LT, BERIDT T 4 m—3 3 iR O T8 L ONIRIRE 1 O T 3%
BLTWRW., v LVFRT A ZAFIT AT v =TI, WIPEEEE 2R T 2 EERICHE N 252 5%
ENHDH., VT RT 4 EZAFIVAY 7 b7 TE2HEILT, TRENOT 0y 7 O hZ#HE Lz,

X419 EHBMERRENREEEENA vI1ETIL
X)L - 2220, JKEREB/NRILEK : 232)

FREMREL, K420 17T 89 ICHAERRFROBEEGTICRE SND. SAVTFRT A XA TIVTAY T =T
BLOWHREFTHGNT Y 7 b =7 TlE, BHEASFK « X oR—%INT57 7 VaAy NCET/MELT.
WHEERT Y 7 o =713, R 7 #AE 7 /b L, EER SR - ¥ oo —Z k. 22T, &
T AL NN DORE R E B U D OMEICELE LT N 7 A EFRED bouy)l A L, FREZROINT A fld
PSR 5 8 O TE R L OB MR R E Lz, b, (RREROEFRSRIORESIE, WiFEe s LT
5.

YNVFRT A XA T IV AV T N =T B X OB Y 7 b U = 7 ClX, RBEEEOE TR,
BRI v F M & g —mE bARERER & —BXw7z. —F, WHREEET Y 7 o =7 T, EvT
Fae G =N R o TR TEIIRER, B MRBE SR ET 5 2 LITHERZ2 WD T, By F TR OMRE A KRR
R —BEHTOD. WHEREINTY 7 U =7 OG5 OEITTIRE, R IMRHORREfZ 3K 4.6 (TR

(EENRREE RN

s & FRER
P (17 A2 b)
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(195)



64

£4.6 ARZERMENY T b7 DEEORBHEBEOREZARNDETOHEY, BENEH

S IR BRI |
BVEAR-FVR R | VR | IR | R
Nm/rad Nm/rad Nm/(rad/s) Nm/(rad/s)
tvF | a— | evF | a-— EyF | 3— vyF | g—
3 29.0 34

PREERE, ARERER O Lo ACEARSRERE 2N\ EB R TET /UL LT, SREROREMS X OWHE %
F AT, BREADOREXKZK 421 1737, 3 ROBERITATFRICIY (T 5 Tnd. 72k, FBREZRO
PRI N DN T bR RER & —HSE TV 5.

x4 1 FREBERONTEHHREMES KUK A

TEEK =) (R A PR 2 PR R) (ZETH] B E AT R)

[Nm] | [m] [N] | x[m] y [m] z[m] x[m] | y[m] z[m]

LR R () 12.01 | 3.19 | 480 | —0.70 0.00 0.0103 | —3.89 | 0.00 | 0.0103
REZRCERY) | 626 | 518 | 250 | —045 | 0070 | 0.0103 | 4.645 1.00 | 0.0103
REFR(EAE) | 625 | 518 | 250 | —045 | —0.070 | 0.0103 | 4.645 | —1.00 | 0.0103

5.095m

REAE (R
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