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Analysis of Tristable Wind-Induced Vibration Energy Harvesting System "

Ma Xiaoging Zhou Shengxi'

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract The wind-induced vibration energy harvesting technology plays an important role in the vibra-
tion energy harvesting technology, which has the potential to supply electrical energy for the wireless
sensors. This paper studies the output response of nonlinear tristable wind-induced vibration energy har-
vester, establishes the dynamic model of the harvester, and the output response are compared for the
harvester with symmetric and asymmetric potential wells. The results indicate that the tristable wind-in-
duced vibration energy harvester with asymmetric potential wells has lower initial working wind speed
and wider wind speed region for the large-amplitude oscillation compared with the harvester with sym-
metric potential wells. In addition, the output responses of the harvester with different external resist-
ance, equivalent mass and stiffness are compared, and the results suggest that at the fixed wind speed,
the output voltage increases with the increasing of the external resistance. When the external resistance is
larger than 10 MQ, the changes of the output voltage slow down. Finally., the numerical results indicate
that the equivalent mass and the linear stiffness term influence the initial working wind speed and the ef-

fective working region of the harvester.
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bration

2023-08-17 W55 1 Fi . 2023-09-22 W B B
* R TEAMF LI (2022YFB2603200) . [ K H AR 4 (52161135106) . PG4k Tl K 2 1 438 SCAH HE 4 (CX202200 D B H . 111
FE 4 (BP0719007) , National Key R&.D Program of China (2022YFB2603200) , the National Natural Science of China (52161135106) , the
Innovation Foundation for Doctor Dissertation of Northwestern Polytechnical University (CX2022001), the 111 Project (BP0719007).
t {5 E# E-mail: zhoushengxi@nwpu.edu.cn



66 g h % 5 o OH ¥ M

2023 AR5 21 &

51

il 1

Bt T 2N B AS I K A BB R L 45 )
R 7 X 5K L A O] T BRI ) RE A e fE 1) A
R 38 D)L A B R B R R K R L XURE L LA fiE
FIFABE , H X L6 R 5 B 5 70 19 F1) TS o J2: ik the BiE
I R G SR I BOHR B i A AR AR B R A A T
R e T B A 1 RE I 25 5 i B B AR L 4
R T L I R 5 DL, R BT B DL S ) 1 BE B e
et BLAG A DT S IR B 85 b A XURE % K 8
AE , R A R 1 5 A 15 2 1 AL T BOHR B0 2 — A
LB BCR B B G FLAT R A R B E T B4R
U YA )3 e L 56 AT 3R AT A 1 T A ORI 2
B R AR B T IR Bl B IR B R 23 T R 3 Ok
PE T X 45 R B IR A5/ TR A )™ 2 1) IO P 3 XU B
PR AE R FR AR A BT T AT T A0 25
IS AT

PR3 AU AN W AR AR B, O T 4R TR ONR
Sl BE 17 AR 2R G0 Y PR B I L 40 98 R SR A AL T
AR R DX T8] [ ARG 2 (1 XU 2 32 R e £7 40 R i £y
fifk DR Y [ L. g 1 BE T AT R M T 4% b e BRI i
PIANF A 22 F hy E RE A AR AR A A1 L A
R FEREIRAF R RGP B AR LA T AR
YT TR LA 5 P 7 e B ) A5 S8 JE R
M A 1 o DT B3 28 8 1Y) BB 2k 17 AR e T A 23R
5 ARG RE AR ROCR WS E ATIRIT 1) Z i it
F¢. Tang & 5@ 3 SCH AT T 1k T 0 b v AR
LePERE AP AR R GEOUBAERE , 0 B T T G H9 AR
2 PR S R OURR 25 BB B 17 AR AR G TE AN TR R 4%
PFF B RE B AR ARAERE L F L0 7 AN [R] B2 20 558 vh
AEL M 7 B9 i A TE B 5 X Zhou ARV 4R Y Tk
B 20 PR 2 N SN A 2 R A
RGN B ) E AR i B FIEUE 2 AT R TR
G 1A S8 AU P R AR Rl AP TR AT B e i A
AE B9 AR R AR LN ) 16 2 T 5L Rl /9 9k 2
AEFE 17 4K 2R 0 7P R B SR 9 O R Re e O LA 3
PR BN AE 2 17 AR ER i R 28 T L Al Naseer
ST T R AR L M AR S R RURR A R T 1Y
PRSI RE AR RS M T R R S B
BT T RGAEA R S HOT B 47 58 M R AL
. Ma 55540 AT T AR 2 M =R 2 R 3 g AR
ARA G Bl Iy 2 L S O EOR S 5k BT

HIEAIE 7RG X BIAFAE N AE L R 3K R
GLSLBAE R RE LA Lz B BEE T AR AN L Ah, AE LR
MZRESWERBEFRRAED R EC S
P32 TWRFEE BT 12 AT A A L IR 3l fiE B 17 4R
ARG SREBF A IR R G A7 RE AR H A UK E
M o A0 50 168 AR Bl FE it 7 3R 2R G 4 e B O X Bk OB
3 13 TF X FRIE 20 W58 F AR H b A7) 2 70 b

BT AR T —Fh =T R IR sl e &
FRIRRGE . B I8 R G S R AR L [0l 52 7 4k
ST R GRS 1AL X He A T A RE BE T AR
SRR FRFNAR X PRI R e i A7 T Rl 28
ZRAET RGER R R L O 2R K EUR 3) fig 1 17
ARG BT M B T iR S %

1 =ZRENFRNEERFRERNNFEE

1.1 REEHEE

AR SCHT BT A AE e = A2 2 108 R 3 BE A
ARARGEANE 1 B 18R Gl A T B A s vl BT 222
4 — 3, AR R RS G T — ARERR IR B E T
P 8 o 30 RO Ak I A AR e M = AR A A
e CE T BB )R B HE 5 ) . 24 AR IAE 82 B 2 T
S BN 57 A S04 A R i 7+ A T 8 45 45
ey 77 A A 1) iR B i H HL AR BE 3 B R I IR 3l K
A TR o T R O T 7 A L R

Incoming flow

vy

vyyYvyy

I Bluff body
[ Piezoelectric sheet
] Magnets

B Fixture
[ Supporter

1 AR =Fa 25 0 WOR 9 e A7 3K R G 4 1 m 2 1R
Fig.1 Structure diagram of the tristable vortex-induced
vibration energy harvester

1.2 REHHFRE

IR A = R 2 T R Bl BE B A AR R SR
ARG 2 B s o A8 KGR B9 4 R ROk o] 4
P M Oy =R WK S e AR R S
o H R T L2 2% SOk [20 ] R 3 )



5 10 1) /NG A SRR EUR 3 RE R AR AR R G0 AT 67

PR T DUHR 48 i IR B I A A B U HE AR
2 &R G832 B e IR 3 ) n] LLad ik 2 200(2)
G TR 7 BRI & R A T T i = i
W% 3 BE B AR AR R TR )y R AT KR

My +c¢y +F, —0V=F (1
‘ A

2]‘ JFA(L)\)MJ (qZ - l)q waf/m{q :By (2)

C,V+VR™ +0y=0 (3)

c, R
PZT AR
I ’ r

2 =R IR 3 BRI 17 4K R 40 Y TR AL e 2L
Fig.2 The simplified model of the tristable vortex-induced

vibration energy harvester

K A FIA S5 S 500] DL o 52560 5 15 3], R
JELBH, AL A RELC, NEMHEE .y AR
SR AR .V RHE . IITE T R

F 2 % 4t fr 52 3 /9 4R 3 ) v] DL SRR
R
_oU*DLC,,  pUDLC,
- a1 2 7
X Coo MCy 43051 2 T I3 FIBH g 2%, 7T LG i
LA IR B0 NN EE .U I RHE,D K
PR EAR L N BRI, ) O FR G809 M 1) 4k B0 £

F, RNRARZ MR T, ot I3 oy 3Rk T
DL o A A i T AR B BT = AR
T3 IR 20 RE B 17 3K & 58 P G ny JL AR SC R Al 3
FIT 7 K R AR A~ 1 53 T A B A 3 R 2 M ik
2 T R IT s A Rk T DLy

F.=kx+kya’ +kya®+ka* +ksa® (5)
K kysky sk kg Tl ks NEEARLMEIRE T1 1 £
T R Y RGN AR IR RS IE K £, AR,
AN R A, R G A AR R A T v L

F 4

W BUE = AR R EE RS S, .S, Rl H #EA7 IR B,
M) 35 B AT AN [R) AR A 9 A 2 1 4R Bl Ak
fRIR ARG,

A

r=:—n- A

beeedend LA 4

(S B

mA
H
4 mB 4 n’IC

B C ,

s, S,

< >

»

3 WEERE LA R R oR B IA

Fig.3 Schematic diagram of the geometric relationship for the magnets

2 HESH

2.1 MMM RAIREE RGN
51X B 5 A
“RAERMIRSERFRARGEA LAV

Forp = AN SR R85 40 1, IS 2 AR E F i 5L &R

GEH X FRPE S BER =BGk Z B B E B S, .S,

H 72T R A o . o 1 ik — 20 e i AR X Bk =

R 25 1 TROHIR B e 12 17 2 AR 8 0 B 1 oL SR R o0 T

TS5 R 0 B A AR XS AR 2R 09 H R A AR

Rtk R GEAE A A b B T B A 2 8UE 3 1 P

.

x1 HoSHE

Table 1 Calculate Structural Parameters

Name Value

Equivalent M 0.07kg

Diameter of the bluff body D 0.05m

Length of the bluff body L 0.09m
Capacitance C, 80X10 *F

Resistance R 10°Q
Electromechanical coupling coefficient 6 2X107°N/V

Damping ¢ 0.003N/(m/s)

Air density p 1.225kg/m?
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Fig.4 The equivalent nonlinear restoring force and potential energy
curves of the harvester (where the blue color represents the asymmetric

structure and red color represents the symmetric structure)
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Fig.5 The comparison of output voltage between symmetric and

asymmetric tristable vortex-induced vibration energy harvester
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Fig.7 The output performance of the asymmetric vortex-induced

D

vibration energy harvesting system, when the wind speed is 3.0m/s
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