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Analysis of electromechanical coupling coefficient for piezoelectric
bimorph cantilever based on energy method

LIU Xiang—jian
(School of Mechanical and Electrical Engineering, Jinling Institute of Technology, Nanjing 211169, China)

Abstract: In order to solve the problems of the piezoelectric effect of the piezoelectric bimorph cantilever, the energy method was
investigated. After the analysis of the electromechanical coupling coefficient for piezoelectric bimorph cantilever, the theory model of the
electromechanical coupling coefficient for piezoelectric bimorph cantilever was established. The theory model was validated by
experiments and the relations between the electromechanical coupling coefficient for piezoelectric bimorph cantilever and structural
parameters and material characteristics were simulated. The results indicate that the optimal thickness of the piezoelectric bimorph cantilever
is 0.25 mm obtained by theory analysis, which is consistent with the experimental results. Moreover, with the increasing of thickness ratio, the
electromechanical coupling coefficient increases. Meanwhile, with the increasing of elastic modulus ratio, the electromechanical coupling
coefficient increases and beryllium bronze flexible substrate harvester is superior to the steel flexible substrate harvester.

Key words: energy method; bimorph; piezoelectric; cantilever; electromechanical coupling coefficient

0 2 = HL L TP 2 R T O P P 91 22 i , B ARRROR (28
Dy i RPN 15 Y I 5 5 0 S 5 A5 PR T I:,E/JL—
B AL T HORFRE B G HoR A i1 BT B, S EaRMRIAE R 7 i RE C
P AN TR AL A AL RIS 28 FOR IR H Hij i qﬁ’%ﬂ%ﬂ’aaé%@ﬁiﬂwﬁ@o PR E R H WA=
DIREE HARE D) B M 7 i T C b fl WEh s WS, i THIL P RAEATE, HEA R &
A, EAT, XL R MO Tk RURBR B XWHR S RE IR I IESY H 25 32 BIAH G
KRR EH: 2013-12-10
E&UWH: HEAAREEETIITIH (51305183)
FEER N XIHEE(1980-) 55, INAR H B L YR, =2 AR RE MRS 4548 7 TR AT, E-mail:xiangjianliu@126.com




- 776 - HL )

T & 316

RHE TR BTIR

TR Sh RE RS A 7 30 A TR s g
AR 3 A, TR RSN RE R E L
FLESA T AN KA TR T M 5 T R S
RS B RTEIFTE e . Ho B R s LR 3h
AE WSR2 B ol T B IR BE AR RCR = 2R
ST 2 TS o (0 R Z Kbk 5 35 2O T T
FL A5 1 DR B RN, AR D S SR LR P2
AE B i FUSONA 5 B SR 553

AT HE T B b 12 A 37 U T L AR R L
EHLEAG RBAYEISHEAY X e f R B S
KOS LR X FCAL RS & A B0 R M A T R AR
U, BT R MR ORI B B I i A e
RABS RIS 2%

1 PGS

X T HL 2 e v A 5 A s B AR BT 1 s
R E FE A B TR R R S E
BLEH R, FEHL R 3 iR e v R B A i B R
PSR, TE 4 8 )2 MU a0l 51 i s, DL
AR R AT o R AR, B TR A — i [ 2 T [
FEFEPE I, Ty — Uikl SRR IR SR 3

1 Ia t,
=1
|

]

G IREE A

FEHLH
ijee 8
BT BRI s B s R B A

L, b— R R KA, — R K0 FE; 1, —5
eI R W R

XL e L B2 5 H 4 T TAERS , SRR IR B0 5 R
pn s HL 2R 3238 IR 3, 2R S i A8 08 | i o i
JE 2 PR AR RN 7 ARk . Rl T 22 B e, Y
FEL R PR AR RN g & AR AR AR R TR A H A 7
A W S B LR B RE R FE 1k

XU R R AL AR & R80T i P05

kaZI—% (1)

s U —1E R CREEARAS ) F, B0 s r 2 B A Y BE
iy U R ORI, B0 fL R BAT AU fig
TEAE T CRLIFOIR 25 ) IR, 00, s B SR A L V=0,
BTN 3 RBE XS R HA Y RE R
K iy s FEL S v i 4 e 2 R A AR 3 PP AR A &R

GitdRe T Fm N
du, = 18,0, 1B, (2)
A S, —HPES R IR NAE s o, —HRES R R
J1; B, — k4 R s i
NS 4 i B R ER Sl h = AL O B A
U, = [ du,dv, =[] du,dxdydz (3)
s o, — oA R IR
X ERXHEATR 153

__1 3 l 2 2
U, = 24)\lemlbtm(3F L+ A5+ A, F) (4)

Hor
A=E bt (gt2+lt2 +1 t)+iE bt

R A I
A= %enb(t,, + tm)(V3 - Vl) o

e B, — T Fr st s e — iR TR LN 9
B F— IR 15 Vi— FR R T TR R ;
Vi— LJZ L R T L

FEME RS , Sk Jm 2 7™ AR Y RE A -

U = 721)L2Eml2btan2 (5)
1

A iy s FEL 5 o F f IR 3l R 7 A 1Y R e ke
RN -

du,) = %Sla-l + %DzEz = %E,)Slz - %E[JdilEi + %833E§ (6)

A S — R AR s o — R BT 5 Dy — R
Fr kg s Es—Ho g e i s dy — R A B L
ARG & — IR U EL

2R e F e R s P R R AR Bl v AR B R
N

il

U, = [ du,dv, = ] du,dedydz (7)
A o, — LR T EFL
xf b AEATR A 152
3

_ 1 l 2 2 2 éz S _
Up{,—mleﬂ lblp(3Fl+)\2+)\2Fl)(tp+4tm+2tmtp) "

%EQJM“%H+AMUHQ+%f%mKZ

FEFE RS T, B2 e R = AR A BE S -

Vo _ Eﬁlzbtl’ 20,2 3 2 3
V=g Flrghtatt) )
L 85 T2 o A ARSI O
%

U =L E PPb 2438 + 34
p.3 18)\12 P 17( Poog4m pm P) (10>
DT, A5 20 805k e H G e HOR S e 7= A 1) B R

N

U'=U,+U,,+U,, (11)



5 614]

TETE AR ST, Wi in7e B i bR o R 45T R H
FrrE A ARG H s D)X s F, 9 v i 45 TR Rk R 7E
TEFRASE =4 R RE &N -

Ul = szfEmzz)ti,(%Fﬁh\; + A FI) (12)

B HE L 52 12 e B R FE 8 ROIR S B 72 4R B RE
N

1 1 2, 3 3
U, = 67)\,2E”lbt"(§m + A+ AR+ thn + Etmtp) -

! ! ! (13)
27)‘16311/]1[{5}7[ + Az](tp + tm) + 27%8331/12[[)

B L 2T 2 e R AE R IR S B F2 AR 1 RE
woN
U= 6/1\f Eplbtl,(%le +AS+ALFD)(e + %ti + %tmtp) + »

1 1 Ao
2/\1e3,V3lb[2Fl+A2](tl,+tm)+ 2 e, Vilb

P

R H G TR AR A s P2 A 1) BB B H
U'=0,+U,,+U,, (15)

2 PR AL Uk

AR 5 AT A S 0 B AR TR ] LA 31 X
JEHR PR G R4, S B i S R b s
TR FRISBE , PR, A 00 X FiT R B e T At
FTHGAF . 50 UF EE B B 2507 TRk 22 A BT
{5 ECRNSEES . FE4r AT, e H /B8 PZT-5H He Ha P
BEAPRL, B 4 JE 3 B T Bl H A L. AT OB
JE HL R A RHER R R 4 RO SEUN 3R 1 IR .

1 WRERPHGER T SHR RS

ok PZT-5H i il
FJE/(kg-m™) 7 500 8 290 7 800
FMAR/GPa 82 131 210

NEL/N=4 0.35 0.3
JELE /mm 0.25 0.5 0.5
T /mm 10 10 10
£ /mm 30 30 30

FBRICAE A, 235 1 H Solid—5 BTN HE L A ik
Fr ROk S 23, W Solid—45 BT % i 4> J& JE Fr E4 T
W& K430 R R Y R FLR. T B BSOS (e xC/m?) R
F, B R B (¢ X 10"°N/m?) SRS/ H 3 B FE &,
S

—
coorRrre
SN

XUFEEE BT RE TR A 00 s LB 2 e LIRS & R BT - 777 -

132 71 73 0 0 O
7.1 132 73 0 0 O

c=|73 73 115 0 0 0
0 0 0O 3 0 O
0 0 0 0 26 O
0 0 0 0 0 26
8046 O 0

=0 8046 0 |,

0 0  659.7

R T SRR A R L R MR B T
Xt P FL S L ARG B . RSB ERAT HEV-50
T RERAET (HEAS-5 UPRK A%  Agilent 33120A 5%
KA A Agilient54622D /R #55 o H B JFEFEA - i
T R AR AT AR IE SR, SRR
TR A BN AP IR i 1 K i
BT A R B S | R AR R -t e TP B HL
X H P 2 e i, 7 A B L P AT A A B
JC A RS 6 485 B ) e il 22 4 P 2 R, 2
FEXUh R LA NG T2 0.5 No i LLE S, G et
Mrfi A BRICHR , i SR 45 A5 2 i IR L A 1 A
RIEEEHRZ) 2 0.25 mm, NEE SR MM £ b a3 R |
BT it A B T A RS2 B0 235 A B 0 — B, ik T
PSR B A] S

06 07

0.3

04 05
JEHL AR /mm
FEl2  JFESH RS R R e A 4k

3 BB A BUEBLLS  Br

NI IR BRI RANER 1, Bk He H 2R A AL H A
B FREOBT HAR S RSESH, R S B 15 B
X s FL B2 1) = AP RHRRE RS S 800 HAL A &
FEFEIR | 5835 6 A ST A 0L e L SR A L A
B RECC AT T BERAR . 7EBUER,
L AR P PZT-5H Fe FiLBE 8 | Pk 43 s 2 7 b1 kL
B A AR o XL s L SR ) 4R 25 A SR R L
RS 1R

XL R R Y JEE R S R 4 e i YR
Fich

B=tlt, (16)

X B—IRE L.



- 778 - HL )

T & 316

WU R L LA A RS B L oG R it 4
B3 . MIEIHRTLIE B, it 5 R H Rk,
WL R LR AL R 7 2R B PR I e 34, LR IR
LR 0.5~ 1.0, BT R L R A BER IHLHAR & R 2L

035

03}

S

)

G
T

PR REL
=1
[

———— GBI
-------- AL

o
—
W

N
0.1 02 03 04 0.5 0.6 0.7 0.8 09 1
JEEELB

K3 HLHAS RECEIRE LR ITZ

() AT AR ), B A 6k v Hs i 2 O HLH A 5 2R
BOEREER TN e r R AL R & R 8. XU
FE XU HL A R R s e B A i st 9
HABE B — s IR

LEAN 4 T F R A A o 5 v 4 S A A ) i
PR Z LIC R -

a=E/E, (17)

A o —iPERCE L,

X i s HRL R SR LA B R B0 o A i L 1Y
KRMAME 4R, B4 it 2B iR, 2R
(RSP AR TR R L A LA & R A4

0.35

o
w

HLE B & R

N
)

0.15
0.1 0203 04 05 0.6 0.7 08 0.9 1
PR o

4 PG RBCS PR e R gk
4 ZEIE

ARWFFEA G T —FPEE T HE I A 0L TR B
R EYEMRE RBITR Ik HHEAR
71, XU s LB AR AT RS ORI S SO A LR
il RO BORRYFENE . 2B 853 AT BROT 7 FLAIE
TR BEIE RN, 2 B AT S R OTRE A B

A5 A

(g —Eth . B EAIAT ] - B e L R R i
AR, HAL AR & R MO IR, AR R
0.5~1.0 i, He AL 2 A R RIBLHLRR & R 80 00, B
R AR A A LA ) T T L SR AL R 1 R B
HARRS TR SR R, BT 4 SR B R A R T e
YRS REIR R o AT 09 BLIE A R4 R
XF T XU R R LA B A B S E i

£ 2 3k (References) :

[1] GUAN M J,LIAO W H. On the efficiencies of piezoelectric
energy harvesting circuits towards storage device voltages
[J]. Smart Materials and Structures,2007,16(2) :498 -
505.

[2] ROUNDY S,WRIGHT P K,PISTER K S. Micro—electrostat-
ic Vibration to Electricity Converters [C]//Proceedings of
ASME International Mechanical Engineering Congress &
Exposition. New Orleans, Louisiana: ASME,2002:1-10.

[3] CHEW Z J,LILJ. Design and characterization of a piezo-
electric scavenging device with multiple resonant frequen-
cies[J]. Sensors and Actuators A,2010,162(1):82 - 92.

(4] E4,00PHE, B 4% BB R KA A2 e
R EWEFEL) ). FLHL TR, 2011,28(11) :1412-1415.

[5] Eillz,BEER, B, 5. R AR RDE
R E R S MR T [T, R3S ehiti , 2012, 31
(16):177-182.

(6] 0 &7, B DU R A MR /i) ). &
L5 746,2013,35(4) : 540-548.

[7] LIAO Y,SODANO H A. Structural effects and energy con-
version efficiency of power harvesting[J]. Journal of Intel-
ligent Material Systems and Structures, 2009, 20 (5) :
505 - 514.

(8] EMlz,BAER, B, 55 BT BRIITERALIY A A
EJ] G R TAE,2013,21(2) :342-348.

(9] 5B Ui, 5875 4. Cymbal %! He 4 RS B8 S50 L 3 8000
HrlJ]. ML T A ,2012,29(4) : 443-446.

[10] FOISAL A R M,CHINSUK H,CHUNG G S. Multi-frequen-
cy electromagnetic energy harvester using a magnetic
spring cantilever[ ] ]. Sensors and Actuators A,2012, 182
(4):106-113.

[11] OWENS B A M, MANN B P. Linear and nonlinear electro-
magnetic coupling models in vibration— based energy har-
vesting [J]. Journal of Sound and Vibration, 2012, 331
(4):922-937.

[12] MITCHESON P D, MIAO P, STARK B H, et al. MEMS
electrostatic micropower generator for low frequency opera-
tion[J]. Sensors and Actuators A,2004,115(2-3):523 -
529.

(G2 ]

XUREEE, JET e R AN T H B P R B LA & REBM ) ). PLHR TR ,2014,31(6) : 775-778.

LIU Xiang—jian. Analysis of electromechanical coupling coefficient for piezoelectric bimorph cantilever based on energy method[J]. Journal of Mechani-

cal & Electrical Engineering,2014,3](6):775—778,

CHLH T2 )24 < hitp : /Awww.meem.com.cn





