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Fig.1 Structure and working principle of the PWPG
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Fig. 2

1 ‘
FL= 5 Clov’S (1)
2F
C,L=—= (2)
ov-S

K o HAEREE,S=D-H 2y B FE 40 X 1
R A ROSE L DR H 23 530 O B R AR A L v
R

P T 58 A TS B0 A7 £ < BB S0 5 ke S 1 i
K, BRBALEA B AP fE . I, 25 AEASIE
1 B JOUT e AR AR G0 11 A 0 R, 1l R AE A i
AR f, CRIIE XU ) T H B B0 Bl 4, 5 A Bl T Bl
R LA R PR RE o B0 TR f, AR G A AR
VAPE .- R

. St-v
fo="5 (3)

1 [K
=53 W

A Seoh 5 R Re A E 1Y Strouhal 5, 75 i 4K
Re=wvD/v(v iz shFi &), X} I} J1 F, M Strouhal
BStERA B R M sZ A, K 5 M 43 58 2 50 3N B
HAERE . e nT W AR o, K, MOATIE
AT A5 R G 8 A WA A B R A EA
81 23 5 U5 105 A 5 ORH DT E , DA T 3K B A H Y .

2 K EEHHIEE S MR R I 5 AT

PATE®T TS R W, He B4R 1 19 & i B8 ) 32 2 h 45
g ROSF e FE Bl 285 i o7 i ke, A Bl ) oL s L A5 s )
P97 A 1 R B e A R S ] SRR

Ve=nF, =K.y, (5)
CV;E
Q:—%iﬁ (6)
w,C,V?
Pg:# (7)

K g5 R B IRF 50 R LB S 500 X
RBG K. F,, .50 08 e B R 7 SR RN BE BT 32 1
Tk 1 A I B 5 w,=2nf,=2xSt+v/D N I i 5 5
FOCHAMRBA. FRAXFTY, I A2 50
E B, AT 38 i R A e IR AR TR i 5 iR R A
KHLRETT -

BRI BR S AR R IA LBl E AR
W S 5 R PR S E R AR SO i KU R AL
B R 5 5 AN B A CBR B 7 0 | 8
Tk 3 Ik TR) %) AR LA g S 3R] 4 8 nh R L R 5
PR3l & HL) L2 & ALY A G 2l 25w i, e & HEL AR
R G, SO e T NS B ESE & H BIL R i
Fetko AT 8T, A5 B R B HLLE v 5 a9k 3 7
Fdt, IF X ¥R Sl ok BR80T AR AR R (A AR R R R AR



553

WA K, A6 Sl A3 Bl ) e Yl 5 v KU R L BIL B 5 579

T IR /NS TR B S A A RRCRL -1 55 R 14 AR S 1
45 o MR HLARAR 2 R AR Bl gy 2 U, AT %k
ML AL LARE 3 F AR DGR 0 PR [ FR B 3 55 -FH e -5
WARGE (MK 3FR) . Hi &8 RGh ZrER .
Ji R Ee— e R PE | 35 WAk e I AR A AR R i
ARG R IR T B R R R R . DRI
R IO &) Ko & |

M, 3, + C, 9, + K, y,=F,—F,,

M.,5,+ Cy9,+ Ky, + OV, =F,  (8)

V./R+CV,—0y,=0
b 3 (O R B y R 207 8% 65 MR M. 53 5
N A ROR A 28 T A AR AL RE AR T R Co=ct o
MERAREUMIE , c, hREEEHHE o B
BB JE ; Co=c,+c,, R BE#F R GG RUBHIE , o, AN
¢, 3 ) O 235 4 BELJE RN S fLBELJE s K B K 0 30 Ok Rl
i DA BE A% AR G000 A RN BE 5 R H IR T A AKOMIL L A

EFER 0=[ (0, + w0, )MC, 17 R} 8 i,
V7, A9 B v B S LR 5 L, SR T R K 1 7 y 7 )
BB TR 7, /N D B OE R 1 AR
B B S50 e 4R Shat B b B Rl A 4k
TR A A R M R L L T Y [ R g T
B 2T O L s R 2 FEAE B 1
FL IR/ o ST, A SO 5 37 Al A 78 ) 1
W 91347 07 BT, 485 SR G P A

3 R HUA) K AILAIR Bh A
Fig. 3 The vibration model of PWPG
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Fig.4 The relation between swing angle of main magnet and

auxiliary magnet and tangential magnetic force
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Tab.1 The main structure and test parameters of PWPG
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Fig. 6 Voltage waveforms and amplitude frequency curves
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Fig. 10 Voltage vs wind speed at different coupler mass
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Fig. 12 Voltage vs wind speed at different transducer mass
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and output voltage
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Indirect excitation piezoelectric wind power generator based on the
oscillation of the cylindrical bluff body

KAN Jun-—wu'®, LIAO Wei-lin®, LIN Shi-jie', ZHANG Zhong-hua'’®, HUANG Xin',
WEN Yijie', WANG Shu-yun"*
(1.Institute of Precision Machinery and Intelligent Structure, Zhejiang Normal University, Jinhua 321004, China; 2.School of
Aerospace Engineering, Xiamen University, Xiamen 361005, China; 3.Key Laboratory of Urban Rail Transit Intelligent Opera-
tion and Maintenance Technology and Equipment of Zhejiang Province, Jinhua 321004, China)

Abstract: To meet the self-powered requirements of the sensing monitoring system in the wind environment, an indirect excitation
piezoelectric wind power generator (PWPG) based on the oscillation of the cylindrical bluff body is proposed. The vortex-induced
vibration of bluff body is used to indirectly excite the piezoelectric transducer in the sealed cavity by the magnets to vibrate and gen-
erate electric energy. The system structure and working principle are introduced, and theoretical and experimental studies are car-
ried out to prove the feasibility of principle. The research results show that the output voltage and lock-in bandwidth of frequency
for PWPG can be adjusted by changing the flexible beam length, coupler mass and transducer mass. Moreover, there is an optimal

external load resistance to maximizing the output power of PWPG
Key words: piezoelectric; wind energy harvester; vortex-induced vibration; indirect excitation; wind environment
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