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Abstract: The deformation of the three-layered piezoelectric beam in the electric field will arise the in-
duced potential, and then change the distribution of the whole structural electric potential. Consider-
ing the coupling effect of the deformation and potential, the accurate analytical expressions, based on
the Euler-Bernoulli beam theory, for predicting the performance of three-layered piezoelectric cantile-
ver actuators and sensors, were derived. In the derivation process, the governing equation of three-
layered piezoelectric beam structure was established with considering the effect of the electric field in-
duced by the structural bending deformation, and then two analytical expressions for piezoelectric ac-

tuators and sensors were obtained with two different boundary conditions. These two analytical ex-
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pressions related tip output displacement with driving moment and input voltage for piezoelectric actu-

ators, and input voltage with tip force for piezoelectric sensors, respectively. The accuracy of the

present expressions was illustrated by comparison of results obtained from ANSYS finite element sim-

ulation and conventional expressions for test problems.
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Fig. 1 Three-layered piezoelectric cantilever beam model
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ness ration (r)

A5 ARG R LA A 3840 s F 2% 194 S 0 A7 5% 2% ¥
B/, RTEE 3 ZR AR 2 T S A A o0 A T L 22
BRI 45 5 ANSYS JH8 45 576 1K LA R T
A LB ARAR T, 5073 Ul B A AR 2 e o3 A L
GRS RE SN B UL DU R 2 K Sl e i 7 2R 1 25
HARTE o T R AL o A A R ) 45 R A T LB o
HEARLER LA/, 5 ANSYS TS5 R T (H
S T L o R AR R I L {51 £ 2% i o v
LM o ARSI ) i R (SRS S O 1 1 SEBREE SR . X
S PR A s F AR o 32 B R o0 ) ol 25 A 5 A
75 T A R A 25 S s v A T R R RS il
W JEE , DR IR 255 A I3 1) L 382 A A (B BE A P
Mo B3 g T Lk AR R H AR A )
AR (AR AR R LR AR 22 TR A 42
SEEAKRE B 2 T AR S fl i A e S AL
izﬁgﬁ%i%%‘iﬁibnﬂ@ éEEE%%éEEEEEHH

Error/%
[T SR - e |
7

o%é__ﬁ_"_;)'.d 05 06

Thickness ration/r

&3 WK Z A%« s H B A o S M O3 A N A 2 1 40 A
I i 9 A2 T TR AN [ 52 8 LE (o) TR Y i 22

Actuator configuration: variation error of tip de-

Fig. 3
flection between linear potential distribution and
nonlinear potential distribution with thickness ra-

tion (1)

F R R 22 IR B B Rl 9. 3%, R AT X 58 42
P H HEL A AR S0 11 00 R oy B Rt At — 2P
i

P4 25 T XU H P B AR 52 i 3 1
S 9 i ) 8 B RO R 1 AR AL RS . R ORI R
b e S PRI R A R A B A A 1) AR TP
S5 R W B A A AR R o A S A R DL R
ANSYS BEAUSER I HAE T 0 S i A0 22 e K

| |
e =
. )

| |
= e
o

|
[

Horizontal displacement/m

=
T T

005 001 015 02 025 03 035 04
Axial length/m

K4 BUEHSRSERERENR 10 VAERT M
i) 4 B g ) A T
Fig. 4 Transverse deflection of bimorph piezoelectric

beam actuated by 10 V along the length

5.2 fERSREESW

IR R R AR I Z B 7 1A 1] R R/ R
1000 N B3l AEH . K5 A IRBRREE IS
i E ER O R g, WIEI PRI RIE T, % i
PAR LA A R R BRI 25 R 5 ANSYS it
A RAE R A BT A LT AR AR 1, U W
I L SR BT 2 2K SR A8 L BN A B T e 2
AR e S gt Bk ) i o R T . R SRR R O A G SR AE
He v 2 R B /N B ANSYS THRLSE R, B
L R R 5 R R H (R Y 3 i n L 2 o
A7 45 S B W R B ANSY'S B{E A0 25 L, 1 W 72
s HEL 2 20 R L 3 e 0 A T AN P

6 25 T L SR S0 A AR LA o0 A B T
HLJZ JE B FE RN T P AR R 22 . e L R N i
PR AR B 400 s ri AR A9 0 2 v R s Y R
ZEJE B WG IR . 24 T R 58 4x TR L AR A
IR 22N BN B K 7. 3% . X BUR HL & Jr 8 7
el I AT HE— 200 #r

7 45 1 OUT HEL 8 E R AR 52 i g/ T
L/2 AERERTAT A FL A A . TS RS TR T B AR
R LA RO A L S AR LR o A (B BE A L
BN B0 L B A R T PR 4 Y LS A RS



% 2 X R TR R R IR B A 5 RS P 43 BT A o 15 385
e e e r £ e EaSs T g gy 2R T RSN T B B

(5]

00!

Potential/V
P
=1
L=

=0

~500 e S R

—ﬁﬂﬁi

01 02 03 04 05 06 07 08 09 1
Thickness ration/r

5 ARRES TR A s AR 10 1000 N AR T A
[ J52 B L Co) X o7 F) i o v T

Fig. 5 Sensors: variation of potential developed in
piezoelectric layer with thickness ratio (r)
8 T
7]
6 .
u_ 1
o
2, ....................
l_ .......... - ' /_'__4/
Oko-a—si i) i ;
0 01 02 03 04 05 06 07 08 09 1

Thickness ration/r

6 A T r BT H 3 M A AR v A
IS At TR TR RS R B L (o) T iR 22

Fig. 6 Sensors configuration: variation error of out-
put voltage between linear potential distribu-
tion and nonlinear potential distribution with
thickness ration (r)

93 — : ! - L A
0.4 i WA FE S
0.3+ ; -\.-\‘-\-_""'\-u\_,‘_\_ : it ANSYS
0.2b i )
0.1

N O

0.1+

—02F _

-0.3

=0.4- S :

5 W i j
TSe00 -500 —400 300  -200 100 0

Potential 'V

B 7 B R R L/2 AR A i A
Fig. 7 Through thickness potential distribution at

L/2 of the bimorph cantilever beam

8 FHIEL 9 43l 45 T [A1 % AT 6 25 F T 1)
FEHLE— B, P oRT DU e 3l S o)
AR AL 5 ANSYS 5 25 SR 800, Ui S 1Y
& A X R 5 U 0 1 34 1 Hl R AE T 5 R A B R R
() — B A%, F AR M o A AR I % T F R R Y
B8 o2 T 5 VR 2 SR L AR 4 Ok L A R R
ZiRER K,

First natural frequency/Hz

0.3 U:lﬁl- Ul 5 U:l.() Ui? U.iS 059 1
Thickness ration't
K8k HL ETE AT A 300 5 % 4 R O [ JEE BE 1L (o Y —

Fig. 8 Variation of first natural frequency of piezoe-

lectric beam with thickness ratio (r) in close

circuit electrical boundary

First natural frequency/Hz

03 04 05 06 07 08 09 1
Thickness ration/r

9 HHBEARDRFMETAFIEE LK —

Fig. 9 Variation of first natural frequency of piezoe-

lectric beam with thickness ratio (r) in open

circuit electrical boundary

®1 ABRVNERREFEERE S BME

Tab.1 Natural frequencies of the bimorph piezoelectric cantilever
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