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Experiment of monocrystal piezoelectric generator with
cantilever beam structure

YUAN Jiang-bo,SHAN Xiao-biao, XIE Tao,CHEN Wei-shan
(School of Mechanical and Electrical Engineering , Harbin Institute of Technology » Harbin 150001, China)

Abstract: With the aim to measure and study the electricity generating performance of Piezoelectric
Ceramics(PEC), a measuring system for the electricity generating capacity of the PEC is developed. A
piezoelectric cantilever dibrator is designed and the effect of Optimal Thickness Ratios(ORT) of the
PEC to the metal plate on the piezoelectric dibrator is analyzed by Finite Element Method(FEM). The
results show that the output voltages and power are maximal at the resonance frequency. The ORT of
the piezoelectric cantilever dibrator is 0. 5 obtained by FEM, which is consistent with the experimental
results. Moreover,the output voltages of the piezoelectric cantilever increase as the resistive load in-
creases,and the voltage approaches to 5.4 V when the resistive load is 50 kQ. Nevertheless, the elec-
trical power decreases when the load resistances are further increased,and the maximal output power
is about 1. 18 mW from the piezoelectric cantilever in a resistive load of 10 kQ at the resonance fre-
quency. Experiments show this power level is high enough for some wireless communication systems.
Key words: piezoelectric cantilever dibrator; piezoelectric generator; optimal thickness ratio; Finite
Element Method(FEM)
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Fig. 1 Sketch map of piezoelectric unimorph cantilever
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Tab.1 Geometrical parameters of piezoelectric cantilever
ZH PZT-5H B4
% J / (kg/m*) 7 500 8 920
FPER L/ GPa 106
THAA L 0.35
L/mm 60 60
w/mm 20 20
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Fig. 2 Finite element model of piezoelectric unimor-

ph cantilever
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Fig. 3 Output voltages of piezoelectric cantilevel

with different thicknesses
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Fig. 4 Output voltage vs different thickness ratios
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Fig. 5 Experimental setup of energy harvesting with

piezoelectric unimorph cantilever
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Fig. 6 Schematic diagram of energy harvesting cir-

cuit
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Fig. 7 Comparison of powers of piezoelectric canti-

levers with different thickness ratios
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Fig. 8 Output voltages of cantilever in ORT of 0. 5
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Fig. 9 Output powers of cantilever in ORT of 0.5

S E 3k

[1] GLYNNE J P, TUDORM J, BEEBY S P, et al..
An electromagnetic vibration-powered generator for
intelligent sensor systems[]J]. Sensors and Actua-
tors A, 2004, 110:344-349.

[2] MITCHESON P D, MIAO P, STARK B H, et
al.. MEMS electrostatic micropower generator for
low frequency operation[J]. Sensors and Actuators
A, 2004, 115:523-529.

[3] WANGSH,LAM K H,SUNCH L, etal.. Energy
harvesting with piezoelectric drum transducer[]].
Applied Physics Letters, 2007, 90 (11): 1135061~
1135063.

[4] NG T H, LIAO W H. Sensitivity analysis and en-
ergy harvesting for self-powered piezoelectric sensor
[J1. Journal of Intelligent Material Systems and
Structures ,2005,16(10) : 785-797.

(5] &-F.x#%F, L. —FHMEBXTLLXEL
GRREI] FARKRF F R T FR.2006,36(2):78-
82.

ZENG P, LIU Y T, WU B D. e al.. A novel
wireless electropult powered by piezoelectricity[ J .

Journal of Jilin University ( Engineering and

5 % i

AR SCHT ] 1 A AL B s R IR 1 0 A R
AR GE BT AT T v it A 5 B 95 A 5 AR R A JE B2
FE 5 Bt T v AR - PR TR YOG R R AT T A RO
D7 FL o3 A A T T R b AR B A R AR R Y
RAEEE IR AT 7SRRI . R EA
HEJEE B LG R B & TR L AR AT T v A HL E T
o WFFEEE SRR W], 2 5 R S 95 4 e ik
B B B A JEE B L Ry 0.5 BF PR R E 9IR T A B
B O e R A BROC i S SR B 45 R IE A W) 45
Js B T AR A — A E AR R 2 S TR AR
DA BEL DC TE PR g P A i S ) 3 B K B e AR
B . R RHRIR TR BN 50 kQ B i
FEde KAk 5.4 Vi g i By 10 kQ B, 7148
5 R R T A BELUE RC B B 2 R R Kk #
L. 18 mW, ™ A= Y BE it BE W J2 100 4% 1% 8% 25 IR AT
REHL 77 i R BE R 3K .

Technology Edition) Supplement2, 2006, 36 (2):
72-78. (in Chinese)

[6] BAM.RAEE.ETH,F. EBRHEKRKABREIN

ARG TR ], &4 X % F . T %M. 2007,37
(2):367-371.
CHENG G M., PANG ] ZH. TANG K H. et al..
Development of measuring system for electricity
generating capacity of piezoelectric ceramics [ ] ].
Journal of Jilin University ( Engineering and
Technology Edition), 2007, 37 (2):367-371. (in
Chinese)

(7] MEX, AT#H, TRE, F. ERBER LR

BB S L], R HE T4 2008,16
(1) :71-75.
KANJ W, TANG K H, WANG SH Y, et al..
Modeling and simulation of piezoelectric cantilever
generators[ J]. Opt. Precision Eng., 2008,16(1):
71-75. (in Chinese)

[8] NG T H, LTAO W H. Feasibility study of a self-
powered piezoelectric sensor Proc[J]. Smart Struc-
tures and Materials Conf.SPIFE,5389.377-388.

(9] MAX. XL, ETH.F. WMEEEESEHSR
PELI]. B w55 F k. 2006,28(1) :39-42.



LR

YT A R TR B T i R AL BILIY S

1077

[10]

[11]

KAN ] W, PENG T J, TANG K H.er al.. The
structure and performance of double-chamber piezo-
electric pumps [ J]. Piezoelectric& Acoustooptics
2006,28(1):39-42. (in Chinese)
G mA R F BT AU E s IR S L
HRIBE 5T []]. 56 5 4 % T 42, 2006, 14 (4) ; 623-
627.
ZENG P, WEN J M, CHENG G M, et al.. Re-
search on novel inertial piezoelectric actuator[]].
Opt. Precision Eng., 2006, 14 (4):623-627. (in
Chinese)
BB HRAL K EE L F —FET AL L
BB HE A RALI] B e 5 W,
2007,27(18) :30-35.
SHI SH J, CHEN W SH. LIU J K, etal.. Ultra-
sonic linear motor using longitudinal and bending
multimode bolt-clamped langevin type transducer

[J]. Proceedings of the CSEE ,2007, 27(18):30-

EEE N

iR A983—), B WAL A T 0 5%
A AR ST T 1) O He H AR fiE N e H K
%5, E-mail: yjb0420@126. com

BUNREA9TT =) T L L
Ui, ST 0] o He Lk s 5
AR LS i KB SRR A B SR
ZE | E-mail:shanxiaobiao@126. com.

[12]

[13]

[14]

35. (in Chinese)
Wiy, A s EEE[M] Jua kT
bt R #E 52007 1 183-185.

QU Y F. Function Piezoelectric Physics Capabili-
ty[M]. Beijing: Chemistry Industry Press, 2007
183-185. (in Chinese)

WANG Q M, Eric Gross L. Constitutive equa-
tions of symmetrical triple layer piezoelectric
benders[ J]. Ferroelectrics and Frequency Con-
trol ,1999,46(6) :1343-1351.

EA TR RE L HERAE L TR R RS i g R
SR WO B A ATLT ). 3R 3 5 o . 2006, 25(4)
165-168.

LOULF, YANG Y T, FAN Y X, et al..

vibration modal analysis of piezoelectric thin film

The

micro sensor [ J . Jowrnal of Vibration and

Shock ,2006, 25(4) :165-168. (in Chinese)

B OHEQ6S—) . BLE AL
B A S, EHESE O N R
A N PN 1 N < I A £ e

Email: xietao@ hit. edu. cn.

E g L et 1N s 3 b )
P L L KR L AR AR

Email;: cws@hit. edu. cn.



