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Study on Butterfly Piezoelectric Generator with Multilayer Cantilever Beams

GONG Junjie,SHEN Lijia,TANG Chunxiu,CHEN Xiaoyao
(College of Mechanical Engineering, Yangzhou University, Yangzhou 225127 ,China)

Abstract: A butterfly piezoelectric generator with multilayer cantilever beams is designed for improving the gen-

erating performance of piezoelectric generator. To investigate the generating performance of piezoelectric bimorph

beam in the equipment, the output voltage theoretical model of piezoelectric cantilever beam with load on free end is

established for analyzing the open-circuit output voltage of piezoelectric bimorph beam. The experimental setup is put

up and physical device is also fabricated to measure the output voltage. The present theoretical results of multilayer

piezoelectric generator coincide well with the related experimental data; the error is less then 10%. After the six

layers of piezoelectric generator are in series, the output power can be up to six times that of the single layer, while

the output voltage remains the same. It indicates that the novel butterfly multilayer piezoelectric cantilever can signif-

icantly improve the generating capacity of piezoelectric generator.

Key words: butterfly structure; piezoelectric cantilever beam;generating voltage;output power;experimental test

0 5%

S5EGRBMAEBTEMLL, KB RERERER
AEWE R RPN, BEE R REEREEKR
HEMALCIET AMBZRE, MAEBR BT
B G3 E R G WA 8R4 %3052 P B LR B
HETREERE RN —TEZRENEHTEA, &
R BT ERNSTRE R THRMBFR,
MALGREN, ERAEEEN R HEET EBERR
T ERRT S5 S 8 Ak 1 (BUIE B LR
RE T RECH R, BT T A BOn IR SR R
HRERNAEEN REARERERRBRERN
DUH RE R M 3, R DI R B AR R B0 S LA

SERAEHERERESEBATREANSH

¥ %8 H 89 : 2013-10-10

R ETEREELBERERNSERE, T A
B B B AR 5 A R R R I AR S . BT AERSE T
ERERREESHER, THAAAERGETHRER
ERNEBBEEMRKRABINE, HAFR—-FHH
RS AR ER LSS R BRI, HE W
X LR L B ST SRR R HATEEM
wEFmz—,

2010 4F , Zhu 25U 42 ) — b 35 B AT 07 3 9 B R
Wik & AL, 3% R~ #1475 TR kA Bl
W ERTh R R AL, 2011 48, Korla 11 38 1y
TS EER TN ERERRERE. WHH
AANZHREN 1 ADNEARARNERER, R
ERMBRFFAPBREAEEHRT ZEMaENRK. 28

ESWH :ERX ARP2ESHTEIRE (51275447) ;3N K2 2012 4 FRS 4 2 AR AR & & B By IR B (B12052)
EEE N BR969), 8, LHHMA, AR, B, FENFITERNENTENEESHR . ERRBHR, Email:gjun@126.

com,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

762 E B 5 5B X

2014 48

S0 32 Wy — o 37 B B X8 T 2R B0 R R A R R
SRR SB[ L B HER, 37 A
ANSYS MM B F RSB RHETEUHGES
H

AXBRET-FHANESZRERERR
HER ELNFINRAZFESEZEHHE R
SR T E PN AR R ZRB B RE
THXMERR A SER, HFRNEHE RSB
HE, HE#EAT T B WA 5 B BAE, fE i 2w 1,
MATHEEZEREBREETH 6 ZEBHFIKE
R B
1 4EEBRERRERENEN R

B2 R R E R R B E R A PGI AR
BREREMBEREBRE S, SHER. RER.
EWR AR R B EI AR, BRE TR E R
W% R . HEmnEEME 1 iR,

E]iﬁ

e
1l BBRIZEEEREREE

GG R R AT R 2 MR
B AR, 338 3 AR 4R, 9L SR B A 7 FL o
TR B0 77 7L A5 B 2 6 BN D B T 45 R
BETE — AR 0 7 I SRR I M R IE S 38 B9 B e 4R 3
iR 3 31 B0 B 2 TE WA 28 A AR 3 R 4
kb A A S 0 B 2 0 AR U — AR AR B R R e
LG BE 2R IR, 2R B RO 3h A BB TR
AR LA BB E R E S . R R
7L AR 2 6] 60 D R T O AR T E AL e
B, AN TR BB, AR R
b2 M T 2R 0 5% 7 4 TT 20, 49 2 R T 0 L
BE R,
2 HWEAAEATRER EWHEBER

X 2 2 e B 3 B SRR A AR T
14 2R R IR 3 2 A — B, B MR R Rk
AR EERERAAMFNREEE. Nk
S AN 9 2 o O ) T A ) 1A 2
BRI EEI G BB RN, RIE IEEE frf

176(1978) , FE Wb BH R M Ay 5 R 2
S\ (8¢ 41T

<D>= [d ET} (E) D
A S AVMBLAE ;D A B ALEE; T AP ST E
NG E; ST, d e AHINERGT RHEEK
B, F i B R B R A A R B

T EBE SRR, RAD a2
FHRILEH LT ER R EREE P ENER
H

y=t/2=tp+tCu/2 ()
AF r ABERNBIEE 1, M e, 73 FI A EE R H
FRR RS .

HESBERNWBHWRAKRWEMINEIER S F
At FE R B R ON AL BB E L EDY R

b (t/2 b (i, /2
M= ZJ J yTpIdydz-l—J J , yT e dydz =
0 2

04 t/2—t, Cu
(x—l);' (€))
A ABEBRMEE: T. R T P HAERE
feEEBEfE > T MM, FEFE EBE
BRMHEEER

3 I -
__ i} — F w2 £ o 3
= T AT b prf:[-ll.,r OF+H{1—8 )b ge B, D

(1)
AF:A=1-6 1+ ARBGO NG BERES R
BRBEEZI:0ABBRNEEE, N EBHE
R R0 A B ER S E W I AR B R
BZWgn WEREEESED, HHEFHEE,
B4, = (1) 7] 15 s B 30 AR B8 B2 9 FF B i 1
L R

- t/2 . 1—5 .
V—I By = 20120+ 00

N

2)F+ Bbt* g5 D; ] (5)
K B=—31—8 (1+8) k%, H4A+ k) kL K
EHBE R,
B 3 (5) A A, 7E §E 3 L R A i o L B B
AR TR B ER K, HFEE B Bum e 85
m. RERTHEERNM. W B EEEEEK,

3 ERIELELRIMRAE RN LK

AIE B i st 07 A T RS R
HEER GETHESX S EXNAREREBRKE
HEZTHRBIA L EXN5EEESE RN HE

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

%53

H A R HAT I i 2.3 BT .

H2 3 EMEAERARER
RN

CERETTIERE
WA EEREES KA NP BRI
KB BRERREFEMNENRE, BEBEREEE
AL PE B EFE IR A L, AR BB A 8 iR st
AEBTERESHmM =4 ZHE EMN  BEXRFES
ERTEMGEINSLRENEENEE. B
BEERSUICFEENEERE. BEZ5h%
W9 5h 7 BB W B 1 R AR BN AE X N i 5
B G RRER T O, F hRE SR N
HE— TSR nN. EALUMERNFERE N
SMERTER T B R B K ME .
R1AIEHERZENREERZEEERR
B 6 AN XU R LA R BB RES 5
1 ERNBRHNLARTEABEREEHK

H R e mE/ (kg/m®) BB E/GPa
HAR L 8 230 130
JE A B PZT-5H 7 500 62
JAMREL £ /mm P& /mm JE/mm

0.42 45 20 0. 40
0. 32 10 20 0. 55

3.1 BHWMAERTHEHEEREZE N
MG RN, R MH L BES B fiwmit S
MARNFERFEEENEESEEERATHE
IEZS 0, B e I8 Y ki A .0 ) B € v (R B
FEE B =15 mm, S A AW E A 0. 05 ~
0.50 N, ZEAHERN 0.05 N, WELE B ZEHR
REREER A S BEERE. B4 525K
SREARTHESERBBER, KB R E BRI,

H#RRNF BB EZEEELERARAXERR 763
12
10
E -
rd Pt
4 ] - E#
2| - L
o -371 n_'z -373 (:-'.4 0.5
H AN

B¢ BRmHEFTSREREER
AEWMRELEERFFRERMEERERE
BRad RN mEE ST EE R~
40 mm G BN S mm. K .IREERAF A BN
InEEAERERN F=0.23 NfEA. B3 3
MR R AE B B E e BB « A&
RS RMERS R LRE,

o 10 20 30 40
T R B 9 2E B

5 EHEAFESHENXER

B 4.5 BI A0, B B R B R TR A AT AT
T 2 K, 8 B R B (B v BE S A G i s
Wi ES R EEZEARFHIENEE, B
GREEBRGREA - NTMRIE T HISER K
EFHE,

BANARE R BB RIS ERT KB
HERK.EREBINREM|M, ATHRERZEY
BRNEBREERBERSE 6 500 Q By HLFH 7 2
BREE BEINEEILSBERA hRIER F=
0.25 NS S B =15 mm i, R R E BB RH
R ThRA R 15 4 W,

3.0 sEEHEBREBRNZTERNR

ATES5HREERBERK AR BEGEELE. ¥
6REHBE RSB, N &/ M EEA
0.05~0.50 N,Zmj i &4 0. 05 N B W% B R
BHEmE 6 fras.

PDF SCf-ffiH "pdfFactory Pro™ i FH AL www. fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

_1—3‘

=

>k 2014 4§

764 E H
12
o
16k .
>8r— -
Hef -
= | ]
Fas
®
2t .
®
o 71 Gf 03 04 03
A iEEAN

B 6 6B E
WERE 4.6 BB, AEFHEBERS 6
EEESERPRENITEE LB EEARMHR.
MK 6 ZEEESERPREES 6500 Q1
B RHL 1R 2R B R BR, 7E SN 0 RN S R b B [ R v
HEERFATHNRGET NERINSEEHEERE
EERIRGHE L ThRR 84 pW, 40 AR K 1 Th &
B 6f%. Y 6 RRBRSERBEKN, 5HZMH
ol R ARFEAL BRI RIEFT T 5~6 5.
4 HXE
AXRIFFETHERNZEEERAERE
HER.EVTEEEENMSE B HRENIER
T B o kR R R 3Rl 1 T R S B
FESEA L, THARTN R BEEENIFER LB E
ME B hREREERE. I TRIEELE RN IER
HOHBETHMNERTE,. /G T s EMmI R
ZREEE. BN EEZBURXEREY A,
Al BEEESRNSEB M ERNS/mAL, B
BAEMRIFMRME Mt R 5 BIRMBEMAERA
BHAE X, HEARNRBHME. BRBEEEFK 6
EEHERFBRRE—EE  XTEHRAAEENLE
B AR, MR IR R LZH 6 £, BB
PRGN ZEREE BB REWH LIRS RKBEEE
5.
B2 H:

(1] EUE.EAER.AE.%. EHEEEBENIRNTS
BHB[J]. FREER: T¥R,2009,39(6):1550-
1553.

TANG Kehong,KAN Junwu, REN Yu,et al. Power a-
nalysis and test of piezoelectric generator[J]. Journal of
Jilin University: Eng and Technol Ed, 2009, 39 (6) .
1550-1553.

%30, BEF. T Ansys 19 0-3 BUE IR T A R
JLAH ). B 57 ,2011,33(6):968-972.

HE Xuewen, HUANG Guoping. Ansys-based finite el-

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

ement enalvsis of 0-3 model piezcelectric vibrator[ 17,
Piezoelzetrics & Acoustoopiics,2011,23(6):968-972,
LEFEUVRE E, BADEL A, RICHARD C,et al. A
compatison between several v¥ibration-powered pizzos-
lectrie generztors for standzlone systems[ J], Sensors
and Actuators A:Physical,2006,126(2) :405-416.
ERBEE,HEH. ETEEAMHNESIEEFRE
BB, B 70538 2008, 27(2) (AT-30.
WANG Qiang, LUO Ying, GU Jianzu. Research on
harvested technique of vibration energy based on piezo-
electric materials[ J]. Electronic Components and Mate-
rials,2008,27(3) :47-50.
FRLERR . BER %S ERHABERREENTR
BRLT]. fe kAR 5 R 4E,2006,25(10) : 7-9.
FANG Ke, LI Xinxin, YANG Zhigang, et al. Research
state on piezoelectric energy harvesting advice [ J .
Transducer and Microsystem Technologies, 2006, 25
(10):7-9.
SHASHANK P, DAN 1. Energy harvesting technolo-
gies] M. Berlin:Springer, 2009 :40-43.
ZHU D,ROBERTS S, TUDOR M J,et al. Design and
experimental characterization of a tunable vibration-
based electromagnetic micro-generator[ J . Sensors and
Actuators A,2010, 158(2):284-293.
KORLA S,LEON R A, TANSEL I N, et al. Design
and testing of an efficient and compact piezoelectric
energy harvester[ J]. Microelectronics Journal, 2011,
42(2) :265-270.
B, RES.ET ANSYS ) BB R A R
AT B 57 ,2011,33(4) : 557-560.
MIAOQ Jian,ZHU Ruogu. The finite element analysis of
twin piezoelectric micro cantilever based on ANSYS
[J]. Piezoelectrics & Acoustooptics, 2011, 33(4);557-
560.
RUAN Zhilin, GONG Junjie, CAI Mengchang, et al.
Structural design and testing of a butterfly piezoelec-
tric generator with multilayer cantilever beams[C]//
S. L. : Advanced Materials Research, 2013, 655/657;
823-829.
MEITZLER A H,BERLINCOURT D,WELSH F S,
et al. IEEE Std 176-1987 IEEE standard on piezoelec-
tricity[ C]//New York:IEEE,1987.
GONG Junjie, XU Yingying, RUAN Zhilin. Experi-
mental investigation of piezoelectric bimorph cantile-
ver on vibration energy harvesting performance[ C]//
S. 1. : Advanced Materials Research, 2013, 655/657;
816-822.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

