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Fig.1 Self tuning piezoelectric vibrator model
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Tab.1 Material parameters

MR BICETE/GPa ML #E/ (kg m °) KE/mm %E/mm EE/mm KEFEH/(C-m®) HEEH/ (F-m ")

L 110 0.324 8300 80 33 0.2 — —
PZT-5H 60.6 — 7500 60 33 0.2 —16.6 25.55
Jo — — 8900 10 33 12.6 — —
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Fig. 2 Simplified model of piezoelectric vibrator at different
fixed positions
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Fig.3 Tuning principle
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Fig.4 Energy management circuit of tuning device
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Fig. 5 Equivalent circuit
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Fig. 6 Variation trend of natural frequency at different fixed

positions

HWR L HEATER 1 43T, WER R HLR 7R N [ [
LB AR T3 43 o A RIE S — 3, B 60 MPafEly
JE LR T 7E AN [R) [ %2 67 B A B BR S 7 (HE Ha B % 1
e BR W 7738 AE 60~100 MPa™ Z [6] ) o ¥ i i &5
A A U5 Tl A8 AT, AN W 385 RO o B, % R LR T 1
e BRI 735 %) 60 MPa, It B 0 B KA 6 748 T i X
oA BRAEFS o AN ] [ 22 57 B B4 R 1 o0 A 2 R A P 7

iR AT LA Y BE A B RS o 53, TR AR A W1

JIE AN BT 1 K, 5 B0 HL AR T A BR 82 8% (L (DMIX) A
Wi/ o TRl B 2 B B o 3 O, L IR 1 2 A T
0 PR [0 A 0030 22 (L A0 A R /N, I L2 A A 0 )
L1 3 A AN KRR B WAL X FR . M a=L/20F, [k
P IR 1) 7 A i R AR ] [T 3R o PR — B, B
AR oy A SE A X FR . UG BE B o B, A ROk
F, T R ORI | B o= L/ 2 A 50K f TR BRI
BENES B = NI i e 2 B RS R N G b S A )
e PERE SR T HKHE

10 20 30 40 50 60 70 80

STEP=1

SUB—
SEQV(NOAVG)
DMX=0.003513
SMN=19.7716
SMX=0.600x10" |

STEP=1

SUB=1

TIME=1
SEQV(NOAVG)
DMX=0.002643
SMN=109.15
SMX=0.600x10°

STEP=1
SUB=1

TIME=1

SEQV (NOAVG)
DMX=0.001872
SMN=32.5201
SMX=0.600x10°

STEP=1
SUB=1

TIME=1

SEQV (NOAVG)
DMX=0.001212
SMN=127.214
SMX=0.600x10°

AN I P DA T PN
Fig.7 Cloud diagram of stress distribution at different fixed

L/ mm

N 11/MPa
0.600x10°

0.533x10’
0.467x10°
0.400x10°
_______________________ 0.333x10°
0.267x10°
0.200x10°

0.133x10°

0.667x10’
127.214

positions
2.2 KA R 5

SR ARV AS [R] [ 2 A7 R LR T & L R Y
M), 38 38 3 O 1 R 43 BT B T AN R R L AR Y
KHLPERE . 7RI B N A A b BT R H B AR
G35 G R I ECE SR T R BHAR /DN,
Al 0.01 Q. B T B4 B 45 21 1Y [5 A 4 5 25
e TE R B IR FAS [R) [ 52 o7 B Ak AT 40000 Bl , O i
I S B A SRy U A A o b i R RN
a=5m/s", FHMEAE 2=10,20, 30,40 mm I} JE HL P&
FIF I L R AR AR L .

WP 8 o, T LAF 1, 76 A [R] 4 0l Jin s 2 2% A
T Bl xR K, HUR T B R S N e
FEARBE R, ULHIE S o BB I, TR R TR A Rk
T FRCAS T U/ I 72 AR [R]85 25 8 1, O i i, e i 38
o Mo RUSEUT L/2 0F, W50 [F A 450 3R ok Bk
o Ma=L/20F EW s EAET P H 5 [
A ATEEAR R, R LR I B A P s B S 1 A
LB A . [, X —45 R 5 (4) gy iy
H A — 350, i — 2B B IE T BV AR AR 1 I A



%561 EIBEAR 5 A A I TR B R 7 & Pk RE AT 5T 1651
! +x=;8mm Ma=L/2W, 7547 W i 56 A6 BR A R0% T AR GA
| | —eo— x=20 mm N JESN
50 | =30 mm S R EIE P E
s —v—x=40 mm
40 o
> sl 12 R
~ 19l 19
i 20 |1 10+
g2 R =
2} [ e\ g gl
r X %;
10 + ...f 8 _S 6
0 i fé] 4
1 1 1 1 1 1 4 - +x:10mm
10 20 30 40 50 60 e x=20mm
MR / Hz 2 x=30 mm
K18 A [ [ 2 A7 5 1 I B v e 22 £ s 24 0 : : T alom
0 10 20 30 40 50

Fig.8 Variation trend of open circuit voltage at different

fixed positions
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Fig.9 Variation trend of voltage at different fixed positions

with load resistance
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Fig. 10 Variation trend of generated power at different fixed

positions with load resistance
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Fig. 13 Variation trend of open circuit voltage at different

fixed positions
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positions with load resistance
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Fig. 17 Experimental comparison with and without tuning
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Fig. 19 Common vibration sources in the environment:
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Power generation performance analysis of broadband self-tuning

piezoelectric vibrator

YAN Xiao-dong"*, ZHOU Gong-bo"*, XU Mao"*, ZHOU Ping"*, HE Zhen-zhi’
(1.Jiangsu Key Laboratory of Mine Mechanical and Electrical Equipment, Xuzhou 221116, China;

2.School of Mechatronic and Electrical Engineering, China University of Mining and Technology, Xuzhou 221116, China;

3.School of Mechatronic Engineering, Jiangsu Normal University, Xuzhou 221116, China)

Abstract: Under the traditional cantilever fixed mode, the frequency band of piezoelectric vibrators is narrow, which has the prob-

lems such as poor environmental adaptability and low power generation efficiency. Therefore, a broadband self-tuning piezoelectric

vibrator is proposed by changing the fixed position. The tuning model is established, and then the power generation performance of

the piezoelectric vibrator at different fixed positions is simulated and analyzed. It is verified by experimental method. The results

show that the proposed self-tuning piezoelectric vibrator can achieve tuning in the above range of f~2.1f. At the same time, by ad-

justing the appropriate duty cycle, the tuning device can achieve self-sufficiency. When the sleep time is more than 411 s, the tun-

ing in the maximum frequency range can be realized, and the energy collection efficiency can reach more than 40%. In addition,

when the charging time and excitation acceleration are the same, but the excitation frequency is different, the charging efficiency of

the piezoelectric vibrator with the tuning device is improved by 223% compared with that without tuning piezoelectric vibrator.

Key words: piezoelectric vibrator; broadband ; self-tuning ; fixed position;duty cycle
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