FRILT ¢ |7
MmAmUE

WiFF MR A B S MR
T B, =M%, BEAS, 8%

(P EAHRAER) A TR, IR F i 266580)

WE: SBUXEMEREERIAKT R AT RO — MR T RARNEE, AR AEY A
BBk BT R AR G TAT I S A 20tk . EH 4t xtF B &€ & B irgign, BdiEgma ey Ag
B &SR R T RFF EBOK KL s B R+ WEH X AL A . PTO [,
PTO R E % AHTE BG4 B HradiE, XX &S A3 mb %h, BitE B8Rt
, A LR BB IR BT AR TR, BIFR R AN, BREEHERE
L4EME, 133 T AR AHKASH AT RBGRDEFRTRIT M. EREW, ¥ FRT.PTO FLE,
Wk k AT E B E Y n K, M PTORE. Wit54 5K LA, BiESHREKFONNY LA
STAF AT FH v RO R Rk 0 BB R k7T A A R B RO KR AR A K B A ORI R AE

KEIF: SR F Tk E R,
FE5SES: P742 XHERERIRED: A
DOI: 10.11759/hykx20200806002

[l PRpt X R R REIR 2e 4 | DRAP ARSI | S
AT IR H g5 B, PRI A A TR REE AL
D T B T TR R DX ok IR — B 73l R
REEMEERE I B 2 AL oy, AR RN BETT K&
FREE T S Z a7 s R e ke &
Je BAT B N A B8 — Rl IR REDT AR R B TR
AR FE RN A 5 0 M BE 2% 45 ) 45 T2 0]
P ve TR BE T R Y R B AL 4 R AT B

L PR 2 2 g 2 g e R AR g
BoR B R R R ORI TS T IRZ T A . R 22
ECRIBURARIR VOO W BI AN S 3| AESS LT )b i)
FEtEdEAT THIRTE, MR- 2540 B 32 R Al 11 | 454
B IIBT R L TR S 5 SR A 2 A A XA A Y K
B IR T T AT 43T S 5 . Zheng SR
3 S AL YA AL R ROVE L FE YA BRI 1 A1 IRIR
e Y K T AR AR I RR A (R, IF PR e T
PTGy G5 A K RN AL) B8 BE X YR O R 7K 3y
IR . Shen SFPIR T4 05 HE 04T T
JRYCON | 3R AR P Tk 8l ) B8 BRI
AR S S A2 5k R B B2 i, I e A 4 2R S i B
TV B AT 45 R AT LA, R TR S A R0 S
(AT 25 IEHI M . Vantorre %5111z F 2 1 il 2
W T RS B e e e A AT AR UL
PR ZEAE TR R PERE, B TRJLARAR . M

BT AR AR ik
X EHES: 1000-3096(2021)04-0031-09

RELJE B I 5 2 A Sy P A8 28O AR AL Uk e i 4 e
I3 3 Ay PRASE AR X BB 25 R AT T 30k, Zhang
UG T —Fh 3k T BB oAb i by ik, &
PN TBA AR A | AR TR % 1Y I R e 4 ke e, 1]
R AR 2 A B 25 S IR AT R N B RS 1Y RE T
RAEE ST, MiAEFEALEEIR b, 44 2 B RN HE I 25 o )
B BT B A e A M

bR TR, A2 E TR L R &
HBWA B FFRES . SNSRI ST T
AL 53T o Shadman ZEPHE H T —Fh 3L T 40343 Hr A
AT K Bl 3 43 A 0 RE e i LT A AR DT v, Ot
B LI N O R XA B IR R A A T AR
7S, Sergiienko 251 VBT T S W Wik RE B
WK RGN ERAEMEE, FNXLT R4S =4 R
TR PERE . Meng 25U hE s MU /M HT I 9T T B AR
PR BT o 4 A1 A BRI s W IS0 ke B 19 AR Dl 25 1 3k
W% B He 78 47 A1 H A 7% T 75 32 B 3R A5 3 5 1Y &

Wk H 41: 2020-08-06; & [nl H #1: 2020-11-05

BAWH: ERARBAIEE S BIH (51979283); ILARA FARHELE
4 ¥EBh I H (ZR2018MEE053)

[Foundation: National Natural Science Foundation of China, No. 51979283;
Natural Science Foundation of Shandong Province, No.ZR2018MEE053]

EH RGN EW1973—), B, WAREHA, W1, #0%, T
TR AT [ B FIRHMIF 1A, E-mail: wieng73@upc.edu.cn;
{324 95(1981—), WAEVEH, HiTE: 13864244536, E-mail: baoxingxian@
upc.edu.cn

Marine Sciences / Vol. 45, No. 4 / 2021 31



it

FLRCR o A A0 U2 sk W P 7R 6 o s R A o T
RER BT R AT TS, 45 RB IR T R [
EMTE T R, 4 AU S i 38 5% 14 VT Bie B
AT PASRAG e L W G 0 580%

AP W AT I B A e S T BRI T
SR, DIRRIRE B A0S, AR AT G 5 %
IRIUEAY) A DRSS R RE TR, X SEOLAT
PERAK A R T XU F A5 R P — [n) i, B
RV EE R ERE T, B — A KPR, A
TR AR ZE R I3 ATRAR 4 0 7 BE T % . Candido 45!
G HT T AU 732 3l 00 1 U RE A e v
TELPERHJC 3451 T s TR, B AR R %
TRATTEE RN 12 BI) 4 M 110 24 SRR it J2 5 o) LA SR 1Y
FEHFZE . Shami 2N FH Taguchi LM T 7 A
[F] B S HOH N % e 3532 3l ) B R = O0U% U BB A
A B ILRET R AN . Liang 25 WRSE 1 40k 9 U7 T
U BRI A B 2 MRS 1 B A sl i B, Hi 1t
PR E AR T LURIS R KR BED) R . Muliawan
AN T3 s it 3 229 B KGR I F 5 A R DU R AS )
WIR AR T 24T THF9E, R RIATIX IR FRREUIR
Y5 MAR /N

I SCRRIEBF & B, MR R 25 Rl
W Be ke B Y FA B LA SEGH T IR 4 BT
AT b, fEPRE R FR T, 52 5 W I R i fe
REFRRYIRNSEAHMBZ, M HAERZEN Fixet
SEBE I IFAZIL Y . R, FF XX —[AE, DA
T 57 S ON FUARIREIR, 14200 1% FH B0 IR 2 et
ST G 3 B BT - 90K W A i B b
FIFFRSF . PTO BHLJE . PTO WIEE | e fa | HikE
S REL e A | BRE S D IRAE K T N S AR 6 TS
PO S BAFRE DR 2 AL, 2 5 N AR s 1y
B, A ZISHON R BIRRE DI R ZR G R, I
KSR B P RE YIRS MR 5 MRS AT
FEAE L B AR L 0 e B S ET T & .

1 EiEREREHER
1.1 B AREBRANE

AHE SRR B RIS S T B 7 A B s, %0
S b Ak BV IS, AR 1) R 2R R Tl T I O ) 9 3
2012 4R35 4k SV i T b B by e R TR VR B LR
B M, R E ST R 2 he B ANE e Ak 0 ST RE YR
R, WIRHE . A8 & R VI B AV e AR

'h@AWME

HL TR B ST 1T PR BB VR 25 A R R AR T & o

T L VG A DR YR B & PR /K SR PR 2 R 30 m,
ARG HoN 0.6 m, SFIJEAWIT K33 so H¥H
MR WL K e, T JONSWAP 357174004, iR
PRI S TR 1 3 2 00T

JONSWAP 4 &g T 7 y FilgE S o, H
F R R R A R BRI, (R, AT
RN

(“"“’0)2
2 s S(ay) cxp{_ 2"2”’3}
S(w) =2nag @ exp it 14 . (D

[0}

38 A S FE LA A5 3] 0=0.006 2, ¥ =1.9,
1.2 FAehaER

AR SCHIFST 0 WU IR 2 R AR B s i i
FRE N 1R . 2 E ) IR A, T
TP RNERIE, TR R AR S U aE I 2R T4 [,
RETHIE R R RE(PTO), EIRIEAT I
TR AR R, kA sh PTO 24 HY
B KB A2 s, M SEBe g IR aE Stk
JHLBE R R IR TR, MR R A R
F42 R, PTO FHJE C. PTO WIE K. 45k 5454k
Jeff o, BEEESIHRIEKETE MRS B PR y
(1R 6 BRI TALH & RIS .
13 EFHHFE

i PTO R4 T B FiFF20E, RIE4HE —
B, ZRPEMESNERR L RIARGEILFEAEM,
oy ey . NRTEFE s s AR, WEtR)Ro):

(’”1 + mal)Xl”JrCrle +Fy +Fy + Fy = Fy + Foaar » (2)

(m2+ma2)X£+Cr2X£_F +Fy =Fy+Fpn, ()

pto v
Fofr, my s my 00 b R IE TR, may . ma
S E L FRTEFRIEE ISR, X7 . X Al iR
T 6 A AW B MR IEE (AR E, X5 . X5
SRR 6 A H BB BRI . (F)EREE,
crv C S L R PIEFIARITFHIE REL Fo. Fo
SR R PITE R RRERRE 1, R TR R E &
B B AR TR, Fo o PTO BIVERITT, FoRFRTT
M%7, BT FFEFIEK AL T E )RR R,
JRUAFR B SI0 0, Foo Fo 435k L. FHEFR
BERBINTT, Fioai « Froaaz 73500 1L N PIIEF RSN
fir, AR . RIAVERI.
PTO 1R 1A Ry

32 TEPERLF /2021 4F /5 45 45/ 46 4 3]



it

ML A

‘MmAmmf

g N

K1 XGFET B

MR WA AP 40 R Y

Fig. 1 Sketch of the two-body wave energy converters system

Fyo=Fc+ Fi, “4)
K, FORBE S, R RmIE 1.
I LR Je 5 AR E R 2 8, A
F,o=c,(X{-X;), %)
L, ¢, 4 PTO FHLJE 2%
Fe=k (X1 - X)), (6)

i, &, 9 PTO ZetEWIE 25 X . X000 b TP
VETTE 6 A H BBy 1) A (RN RS B
U REFE M B e — B R) T NP7 RETh 3

I, 428 PTO BHJE REL ¢, FI—EXiTH] T 1Y
BN IS S X - X, BIATARYE A ()
SRAFR BT YR RE D 3

2 BHHFR

75 i A P S AQWA 3R 43 2% 8 7 STl T
O BB 5z g N, TR ARk BAG L A
Y. B 3 AHMENEZS, BEEERER 1000 s
DB EA T A0 M7 o AR R R A AR B AT LA

=R
e

P = L[ E (X1 ) ) F 3 A RS SR PR TR (LR B 1 2
ge 0o ¢ 1 2
el P TehZe (18 2), sk T al DLt — 2045 2] P 541
B EIAK ) P53 . ' ek e e e 5
HORAREIT REZSHHENE, A0 50 (8) AT H 5L 7 B i 2 0
average :FJ‘O Cp (XII_XZI )2 dt : (8) E"Jf%ﬁléljjgo
g 4.5
R
g 4.0 l
\Hg 35
}.L
_\_] 3.0 | | | | | | | | | |
0 100 200 300 400 500 600 700 800 900 1000
I/
K2 PIFETARX LR Bl 1] A2 1 26

Fig. 2 Relative displacement between two floats over time
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Tab.1 Parameter values under different working conditions
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6 1.6 3000 300 40 0 0~180 0~0.7
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Tab. 2 Specific values of each parameter at each level
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Tab.3 Robust design method using the L18 matrix

LEHT R c K a 4 B 14
1 1 1 1 1 1 1 1
2 1 2 2 2 2 2 2
3 1 3 3 3 3 3 3
4 2 1 1 2 2 3 3
5 2 2 2 3 3 1 1
6 2 3 3 1 1 2 2
7 3 1 2 1 3 2 3
8 3 2 3 2 1 3 1
9 3 3 1 3 2 1 2
10 1 1 3 3 2 2 1
11 1 2 1 1 3 3 2
12 1 3 2 2 1 1 3
13 2 1 2 3 1 3 2
14 2 2 3 1 2 1 3
15 2 3 1 2 3 2 1
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Abstract: A point absorption wave energy converter is a wave energy development and utilization device with good
application prospects. Its parameter design directly affects the feasibility and effectiveness of wave energy devel-
opment and utilization. In this study, considering the real sea conditions in Zhaitang Island, China, the effect of
different parameters such as buoy’s size, anchorage form, the angle between the direction of wave propagation and
that of the current, PTO damping and PTO stiffness on the two-body point absorption wave energy converter per-
formance is analyzed using the single factor sensitivity analysis method. Further, a robust design method is used to
comprehensively determine the influence of these parameters on the captured power efficiency of the converters. In
this method, the captured power is considered as the evaluation criterion, the reasonable change levels of these pa-
rameters are considered, and an orthogonal experimental L matrix is constructed. Several cases of the captured
power efficiency under various parameter combinations are analyzed. Results show that the PTO damping, buoy’s
diameter, and the angle between the direction of wave propagation and that of the current significantly influence the
captured power efficiency. However, the angle between the anchor chain and the plumb line, the angle between the
projection of the anchor chain in the horizontal plane and the direction of the wave, and the PTO stiffness have little
effect on the captured power efficiency. The proposed method can be used for the parameter design of the point

absorption wave energy generator in other sea areas.
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