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Linear wave power system based on forced vibration of

single-degree-of-freedom

LIU Gui-jie, WANG Xin-bao
(College of Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: Aiming at the problem that wave power generation system has serious corrosion and large impact in marine environment, the physi-
cal model, electric energy conversion, magnetic field lines and magnetic flux distribution of a fully enclosed linear wave power generation sys-
tem was studied. The change of electromagnetic damping in the system which leads to the variation of dynamotor displacement amplitude was
analyzed. Therefore, a linear wave generation system based on forced vibration of single-degree-of-freedom was proposed. Based on Ansoft,
magnetic field of the linear wave power generation system was simulated. The motion of dynamo was analyzed by using Forced Vibration of
Single-degree-of-freedom model. Wave pool was used to carry on qualitative experiment of this system. The results indicate that the whole
sealed way of linear wave power generation system can solve the serious problem of corrosion for power generation part and the controllability

of dynamo displacement amplitude reduces the impact of system. Magnetic field lines and magnetic flux distribution is uniform. The system

can follow wave oscillation.

Key words: forced vibration of single-degree-of-freedom; wave power generation; Ansoft simulation

N CL L FF TR AR TR SE Y | HE RIS B T AR I 0
0 51 5 e St Y 500 kW Hie
S RRERA AR L R R B R s B0 P BN BORA AR (A HIBPCHL )
90% [1] .20 42 70 @’F&% \ﬁliil \EBEE%EEI%?JE ‘w%/f,@,?ﬁ 2005 fﬁtiﬂﬂﬁfﬁﬁf”dl*lﬁ%ﬂﬁﬁﬂ%}@ﬁ%f

Y75 B #:2016 - 12 -26
E&£WA 7 5 RAERHE I H (14-2-3-63-nsh)
PEZ B XIBIA (1968 - ), 5 IWARTE BN W B2, EENFIG LA T ST E-mail. liuguijie039@ 163. com



57 UGS, AF T ph B 10 IR 30 1 B PR A i RS - 783 -

PHI R ST A TR R L (2013 4 i [l 9 P Ry 2 8¢
BT 10 kW G A MR 17 Tl R e B (1
FHFFEHAR OB T 100 kW 4220 TR & i
w55 o

ARG PR A L R GE 0 22 3 A B, D Lo i
L L R A SRR 2 2 3 5. Ak 22 2 7 sUHR
TET I PR PRIE A A 1 25 T b o B0 5 [ JE 4G b 7
TR IR R

SEH VT — PP T o 588 R 3 1 B2
WAEARRG, ZRGRMEF XM BT R . e
RITBIVERTT , A 28 ¢ B B IR A6 3 B0 )7 17) L3z
3y, RGN Y A L B 1 R R A G S R B Ik
B, R s T 5 SR E T Z WU AR X,
AR

1 PR A LA B ) AR A

HEIR A M RS HR A LSl T € 1584
WEHLL GERE S P RS 4N AEEAR T
AP, A i e A TR T R ARE 3l REGEAE
R s s B 1 s

/\ N\ !

Bl 1 RGAEBAR 5z 3R R

HLIR AR RS, 2+ i 95 5 % B LA
A%, G S R EHIUR B EAE A, 3 F e 158
LB ETENLAAR AR N , 755 ) 22 50 %25 B HE TR g~ 3k e
B, HFERENNET 2 F B R T 2% Em
THRRAS, SR A B, R g = T R
i ok 1 5 VR % ke B ANER FHAE 4R A R, A7
BAF T R RE . IR A RS 1.5 FEHLINIA
2 firR .

1.1 BEEAERBIRNIER

RGAERFEME 0 AN ORD T VR B 7 AR i ik 3l B
HERIEARSN . R AN X T R G AR O, T A
THAETERH JE L AEHLRE i, R 4k 2Lk 3 F 25,
EFRWITH HLBIR KBRS, A LU ik b i
| A 5 R O A R B A AL, R A G & 3
F7R o

K2 EARBIRAHERLG 1S HHL

.:.‘Lll

K(y-x) c(y-x)
I3 B F R i I8 PR TR A R

F G B d AL REJE A L R B JE . R S8 8D
T ye IRAUARBE 8 12 2l 23 PR BE 4580 7™ A B4, 9E T A6 I AE
it 5 Sn IR RERELJE VD), S 2k Rl ) R i Sk 7™ A= vy
ST BT H 128 ) Y B, 200k AR K L R % 46 il
HLAE
BRI RISy, h T B « o HURY
Hefh ) 1y oo Ry B IE DT 18] AR R 2 ¢ X BT
TR B T RER RS BLAE S (v — ), A Sy
(x = y) , RGHIERT
mg = kx, (1)
K em— 7R h— SRR SR R
i :
mg —k(xg +x-y) —c(x-y) =my (2)
Kfe— RGHE.
H(2) BERAT .
m+kx+cx =cy+ky = coYcoswt + kYsinwt
(3)
K :o— REME AT,
SORIBENAE A T 28 R G T WS A
J1: BEEAL L L8 RGEHY kYsinwt FIFLE 82K coYeoswt,
R TRIIER ARURN 15 WA —> Tl T AR ) -



. 784 - HL H,

™ % $34 5

cwYcoswt + kYsinwt = Fysin( wtf) (4)

Hrr F, =Y VE + (cw)” ,0 = arctan(cw/k) .
Wy TN

mx +ky +cx = Fysin(wt +0) (5)
S x = Xsin(wt +60 - ¢) o
RATTRIG1S

F, 1
xXT = — X =

k (1 =22+ (208)°

v V1 + (208)° (6)

(1 =A%) + (2x¢8)7
o A— BRI, e— BHE L,

V1 + (208)° g = X
JA =)+ (2087 v
Hrr.p— S IR R 50, FE kB R G IR B S
KRBT Z RN ER .

MR IR TR, 24 A = V2 I, g & 2K, R
KRGO Y 5EBETAH X AHE, IR &
WHELAE A > 2, KB FRB KT RGN, EST
PRI T 24, BB TR /N T R G ik
IS A T R A K A A ), 7R I TR K s St
PRIIE & FL 80 F-12 SR, 3t o fiff RE 3035 ok A RN 4
1.2 HgeEmS

BRI IREE B R 8 T Mk ik, T 4 Rl 4R
T 5 B TRERR S e T2k Bl =22 1] ) AH X2 Bl 5k
H(x —y) W R B RRLEK N L,

R 7 55 HhL R Sy B, sl L Bl

4B =

E = BL(x - y) (7)
HR A R e 13, & AL L IAE
E
I'= R +r (8)

P R— SR r— A LA FHL
L REIE T B R R s S, R 2 B2 B
WRIE LR, LTI

_py < BLG -y
i = BIL = PR (9)
2 RGP HUEHLE , 3 152 01
mg —k(x, +x—y) —c(x —y) =mx (10)
i (9) A (10) Alf .
B’I’
“TR+r (1)
KA,
p-pr =BG =y’ (12)

R +r

ARAE_E T, rT AR A ML B i e A L
BEJE ¢ FIBHIE HL & & FLATL A 18] 5 A3 IR ) AR —
SEI N A (B s AR AN [ T SRy gt vy, T L3 i 42 o BEL
JELE &, UL K AL Bl T B SE RS R L, U WA )T

2 T Ansoft % W HLEL I 5 #r

3 4 A AR 38 3 A B RS2 T A RUBIL R 3
HCARHIFEIET Ansoft Xt FLLL PR & B R SR #E it
tro#r.

PR A R GE P A A o aniAl 4 B o

-

“
N
e, A
} s RsVarindy
-t l EA e
o N
§o A
R
"

T

B4 DR ARG Ay

PR A HRHLZ T Z Ry x R AL, >R H] Maxwell
2D Hf{) Magnetic/ Transient SR i &% . fF Ansoft A5
o, il OR ik  25 JC R H B I SR sAS . IR R
RSB e, 51 T JC 595 G i S R Bkl Bt 5%
LR 2771 N A7 N O Bl RS TA K- A SR e ol
CPU RYTHABTIME I

P EEE R E S Fis .

2
‘ i

LN

B[teslal

- 9. 8000e-001
9.08462e-801
8.2923e-001
7.5385e-001
6.7846e-001
6.0308e-001
5.2769e-001
4,5231e-801
3.7692e-001
3.015%e-001
2.2615e-801

1.5077e-001
7.5385e-002
5.9000e-815

~ | AlWb/m]

1.9193e-804
1.6451e-084

1.3709e-0084

1.0967e-004
8.2254e-005
5.4836e-005
2.7418e-085
0. 0000e+000
-2.7418e-8085
-5. 4836e-005
-8.2254e-005
-1.0967e-004
-1.3709e-00Y4

| -1, 6451e-00Y4
J -1,9193¢-084

K5 IR S B R LR D B 2R




57

UGS, AF T ph B 10 IR 30 1 B PR A i RS - 785 -

3 PR RE MRS

PR A HL ZR GE R 1 o i S B A LU AR 4 W e T A
L S S TP AT, SR — I i R O
AR S0 T SR ) A A S R & 2RI . K
WXL /N A 60 m x60 m x 1.5 m(m), /K% E
1.0 x10* kg/m’, SE 55 /K I 18 °C, T o I TR 04 I 755
20 em JHIA 1 s PORAK B RGAEHILIR 1.5 45 1L
il , (I R IR, B AR 500 mm, B B HLEE BTy
AL, B4 200 mm, LR EZ) 7.8 kg Zifi. PR
KRB E A SR AN 6 Fs .

(b) Ml — AR 5 MR A
Bl6 R A HLE TS

TEPIR K B B I Pl RGE LI 3 H 8 W Y
KT, TR WIS ) A RS o AR )R 5, A
TR A LB B A B — P e 9 KRR o i
(] 31 ) A P S 6 UE U 32 TR TR e i 2R A TR
T BAT B B B BEIR B R A A R ASCR,

4 LERE

BT HH— B2 T 5 9 B SR IE AIR B Y LA

A5 AR

IRBER RS, JF AL R G BRI, BFSE T R
A AEBARA M P AT T RE PSSR

FFEEA AR, % R G RERBE B IR Mok Rz 3l , i
WEAARYA], 50T 3 8 W AT I, 4 Ik TR R 6t
NHAE . BB AR R G RA U Y5
T s FRGT PN B R B X K L Bl A e A REAE
HA RAFAPT bl bE e, SO BOE & T35 25 1T 1 36
b AR At NSO B A o AR AN R
S, T BRI R R SR RN, AT kR K L B
TEINLREATRR , LLIE A [ IR PR, n] A AN [ T 4k
AR A PR AR IR BT R BE TR

£ 2% X #k ( References) :

(L] Jrerfs,Br e, B2 PR i R ROHEmI (D] T
PR 22741 - A AR, 2015,27(5) :376-384.

(2] Bhrbi, i, W0, 45 XOF & B IR R & B R 5
APl [T ] MR E AR 22412, 201433 (4) 1 12-16.

[3] PRUDELL J, STODDARD M, AMON E, et al. A perma-
nent-magnet tubular linear generator for ocean wave energy
conversion[ J ]. IEEE Transactions on Industry Applica-
tions,2010,46(6) :2392-2400.

[4] LEIJON M, THORBURN K, BERNHOFF H. Wave energy
transmission system concepts for linear generator arrays|[ J].
Ocean Engineering,2004,31(11) :1339-1349.

(ST B S EF. — b e T r i P i Ve TR i i 2
[J]. L THLE,2016(4) :17-20.

(6] ‘& Ul HEAIRG T T AR A& i3 B R
[D]. & : R ICF IR 5 TR B, 2015.

(7] JEUEL, XUBAE, AR, 45 BT BOR R R BB S
H&[J]. HLHE T#,2011,28 (12) :1491-1494.

(8] X%, B3 0%, sk R k. flRsh Mg Je TR HI (M ]. b
AU AU T H ik, 2016.

(9] WHER], ZERA,T 2. 2T Maxwell B/ Y £ 30°
W AL B34 [T ). AL T, 2013,30 (12)
1536-1539.

[SRi8: % ]

XUGEAS, TR F T A 2RI RN I0 ELR DR A L R GEWTIE[ T]. HLAL T, 2017,34(7) 782 - 785.

LIU Gui-jie, WANG Xin-bao. Linear wave power system based on forced vibration of single-degree-of-freedom[ J]. Journal of Mechanical & Electrical Engineer-

ing, 2017 ,34(7) .782 - 785.

CHLEL LY 247 - hitp ://www. meem. com. cn





