H40% 557 (O I - SO Vol. 40 No. 7
201947 A Chinese Journal of Scientific Instrument Jul. 2019

DOI: 10. 19650/j.cnki.cjsi.J1905275

B

it

IR EREERERKRES SN

O E—H L B R
(RER2E KB AR A F R B S ERE KR 300072)

e R A BE B AR A A v, 8 X B0 T R T T IR A e g s R BE RS AR 1 AR R T R, LAk B S AT
W B SRR 1 M REXT S B TR H B SHZ R 25 1 S ES BT T ik . R R BRP-Pi s B B e
SEHLEARA AR, 2 TR R F D S 2SR PRI R 7, RO & T ISR BT 80K . i 8UE
05 B R ST %V R BB Ve B EAT T SE, 45 5 R 0 8 D<1 W, B35 D 3, 45 e B I A, 72 D=1 i, PERE R
ETM, £ D=0.9 0, 5T0E.O S ERM L, W ERE T 31. 6% ,6 dB A S 0.6 Hz #2555 7 Hz 3255 T 11.7 fi%,

KEBIA : BB s R R s SEARAY

hESHZES: TB517 TB559 XERFRIRAE: A ERREFR IR 460.4020

Analysis of key parameters of self-tuning broadband
rotating piezoelectric energy harvester

Rui Xiaobo, Li Yibo, Zeng Zhoumo

(State Key Laboratory of Precision Measurement Technology and Instrument, Tianjin University, Tianjin 300072, China)

Abstract:In the structure of rotating piezoelectric energy harvester, the design of the centrifugal force allows the resonant frequency to
passively follow the change of the rotational frequency. In this way, a wide frequency band can be achieved by self-tuning. However, the
performance of the harvester is very sensitive to the parameters. In this paper, the key parameters of the harvester are analyzed and
optimized. The Euler-Lagrange method is used to establish the electromechanical coupling equation. The concept of tuning factor D is
proposed. The design of multiple parameters is concentrated into the tuning factor, which can greatly improve the design efficiency of the
harvester. The design of the tuning factor is studied by numerical simulation and experiment. Results show that when D<1, the peak of
bandwidth increase decreases with the increase of D. The performance decreases significantly when D = 1. Compared with the non-
centrifugal harvester, when D=0.9, the peak is reduced by 31.6%. The 6 dB bandwidth is increased from 0.6 to 7 Hz, which is an
increase of 11.7 times.

Keywords : energy harvesting; piezoelectric; rotating; wide band

SRR IS TS 7, AR RS R T M R AT S
B MARRE LA R %

TERURIZ B, B T SRS efl s sl e — i Il

HLAK fE W 5 £ R ( mechanical energy harvesting  (HUIARIE S, Bl AN s AL 4855, SR, OC T HE%% 1 g
technology ) AT LUK HLI BE 4% 1k L BB, AR IDAE L A4 RRCSERFR A T THRSIOB S o i T BB A AR 0]
AR RS TR R, LT RAEARAER bk, AT IR SR e R T RIE N B FEA AR
HUBRE B R T Ul WIAEoN IRIDFEBE s i) 2 U, B ShE RN, T i B TR 25 oh T i ML HL B 4
EEEMA TS TSR R T R, DA BORAS TR RS R T REMEE " o Fibl
HEREMICLE RS o HUMBERCAE B R Rt T A4S FIATT Rt FH T e B 1 MO L 51 e 0 R s 80 e 4 AR
kS F 191:2019-06-18  Received Date:2019-06- 18

# FEGIH « [E 5 AW RITH (2018 YFF0212201) , [H 58 HAARF#EE G 01 H (61973227) , R ETT B AR 3L ITH (17JCYBJC19300) , K H
A RIS E (19YFSLQY00080) ¥t 1)

0 3

[l




74 o & 2 R

F40E

LU, e i Bl i) e e ok = JEVJUY ARl o L DR A R 0
SRR O 1Y i B W) 32 W] O3 O e RGN R
Jitho

AT LA PR B0 s r 80 S A S R X 328 30 114 il
AR o AR R R S R P R
FRt D ULEIEETRES o L e I ), SR AT A AR X
183l I Ho i e 3 88 52 00 il 7 AU . %07 SR
B T LR f5 X SO B A A A A R T B R
[y, ARSI B T A RIEIME . T AL,
PERRIE ST RE VR B ARG A2 30 A2 B T, LA™ 2 X T R
GERIOR T ERERE IR, TR R R
T A3 o e FEUR AR RS | RT3 AN 3 3 1 3 ek
BN HIRE . BRI RN i B LRI AR L, e AT ATEAE
A7 1) b JEAT BAY TR B RE R WACHE

T TR -5 i AT T I, ] LA T8 2 o o R
H PR PR Tk . BAREAT — R R (H
H R JO BN B 4 A, OF BT LU T B P A5 A
FEF I3k, i TR W R AR 10 2 3 0 B W AR
TR EE . Guan %5 R ol I HPET R Pl
F75 58 %07 58 AT LRG0 T RS2 ) S T A3 A X
R ML BSRA 3A5 0 O T DA AT 1) B, Gu 25
PR T — Rt PR PO B RO T 5 B0 I e
PLITRE 22 B i B i JLR A A, JEHR AT A B 3 5 o 1) A2 Ak
AR A, TR 7 A= 1 98 385 R0, LA S B S At i ) fE

HATEG0T7 0077 SAESE I (4 R e, DR S R )
P 2R R GTRY BT 1) w5 U7 1) A% 8, 5 B HEA TR 2N
BETF. ERG, WFTN BUIT R H A AR o 4
M SHEBTA TR . Gu % [ BIRIE T 20 gt 3
W, 220 7 A RERIBE S B RZ MR, A0 2% 77 S8 B AT A1 4
PEAT TIUE. Hsu %55 2 8 T 8 240795, I R Rl A7 P
TURER AT TOFTE o (R, Joak fisf 0 e SR (L, I
HAERLEHAR T RERT 50%,

T RO L [R) R, AR SCRE XS 3 030 e e T
FLAE B A B S BT B AR AL RIS o ) BRE -
Pk B H O Sr — A3 T BT AR, O 1 A
PV PR BRSO B A B P REREAT A, K 2 A G
BT SRR R BRI N T rb ol ST T A OC R IR
S1HE, DU e i f R BSOS a0t A i 5 W

1 IT{ERIBRERE

P 1 i o IR i 7 e e s oL i AU SR 45 1 2%
o LGS A SR TR A R, R e AT TR
i BET7 18 AT TR AR BETT 7)o R T 4R A 1 it i
B e b B — RE W B, 1 e 5% i A o 2

AT AN R ST o TR R, B0 TR S I N
B i BT 7, DT B2 e A AR B 8 A AR
R, B0 I 2, W HE 5 3L IR IR B 2 38 ok .
e I TE SCES R TP PN LRSS PR S
R A RCR USSR R A A9 4 5, ol HG T 4 1 5
P TR AP R

e

BIL A Sl e T v RE R ACAR 4
Fig.1 The self-tuning broadband rotating piezoelectric

energy harvester
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Fig.2 Comparison of resonance frequencies and

rotational frequencies at different D
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