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Fabrication of Macro Piezoceramic Fiber Composite

Actuators by Cutting-filling Method
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Abstract: The macro piezoceramic fiber composite actuators were fabricated by cutting-filling method.
The structure of this actuator was made up of three parts, including interdigitated electrode plates,
epoxy resin bonding layer and macro piezoceramic fiber composite layer. The piezoelectric properties
of the macro piezoceramic fiber composite were calculated by theoretical model. The P-E loop and
strain properties of the actuator were tested by TF Analyzer 2000 ferroelectric analyzer and dynamic
strain acquisition system based on LabVIEW. The results show that the theory piezoelectric constants
ds; and remanent polarization P, of the macro piezoceramic fiber composite are 634pC « N 'and 31. 4
pnC e cm °, respectively. Moreover, the actuator can also generate longitudinal strain of 30pe and
transverse strain of 20pe at ==1,000V sinusoidal alternating voltage. That means, the stretching of
longitudinal and transverse directions of the actuator is 0. 63um and 0. 34pum, respectively.
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Fig.1 Fabricating process map of the macro piezoceramic
fiber composite  (a)25mm > 19mm X 2mm ceramic block fabricated
by solid phase reaction method; (b)aligned ceramics; (¢) piezoceramic

laminated composite; (d) macro piezoceramic fiber composite
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Fig. 2 The encapsulated macro piezoceramic

fiber composite actuator
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Table 1 Dimension of macro piezoceramic

fiber composite actuators

R2 PZT-SH EEBER MR

Table 2 Properties of PZT-5H piezoceramics

Property Dimension

Piezoelectric fiber width, wi/pm 500
Piezoelectric fiber thickness, ¢;/pm 500
Interdigitated electrode gap, center-to-center, p./mm 1

Interdigitated electrode finger width, w./pm 150
Interdigitated electrode thickness, lt./pm 16
Epoxy resin bonding layer thickness, ¢,/pm 100
Package active area width, wyr./mm 17
Package active area length, /,,./mm 21
Package maximum thickness, fme/pm 750

Property Value
o/(g e+ cem™?) 7.65
dss/(pC+« N™ D) 650
ds /(pC« N™ 1) —182
s33/(m?* N7 4,82X1012
er 4500
Qun 65
k33 0.63
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Table 3 Theoretical electrical properties of

piezoceramic fiber composite

1.3 HEEBEFES AWM BRI F[|ORALFELE
izt

e At 3k 2R v B 5 27 4 52 5 b1 REIR B i R A
9K Bl P BE AN AT kD A 20 BR O 32 S RO o B R A Y
FHL P P 28 21 4 52 6 bR Bl g 0 L FUROER — o
SRR B AR L AR S IEARR A SR S TEE IR R AR
T e 2528 B (2671, % M AR IR AL A8 A BR A |
Xof B gy i FE AT A AL AR L I O 1500V / mm, B[] 2y
30min,

Jis F, P R ) IS P R o R P T T S T P R
ACCZI-3 A0 T, HLHLHE 5 R EL koo A0 0 Bl e FIAD
HLAFE tand il i BT/ A X CHP 4294 A0 M. sy
P 5 R B AR I A4S ) B8R S O s SR T B S R
ST (DMA2980) I & . 8K 2l 5 1) P-E il 4 5% ] 8k
HL /8 BT (TF Analyzer 2000) Wl & . 5% 3l #% 19 20 15 F01
A8 1) 1 728 P RE SR T T LabVIEW (193] 25 0 28 R 4R &
G

2 FERGH

2.1 PZT-SH EBEMEERMERE

F 250t T PZT-5H H H B % 1 i 2 F ) 2 S
AE. IR 25 SR AT LA 3% Fs v B s 1Y) B0 1k ¢
U, L BB . R TR 0 HL B PZT-5H
JE F B e A4 R A5 A 00 3K Bl g 0 3K 3 fig T
TR,
2.2 HEBBEFESESHHNMELE

P 3 AN T kAR A A T S R L B R 2R
A2 AR B A ERE . BTS2 B S AR R
il AR AR HOXT A8 R s FE B R AT 4E R A b RHER

Property Value
dss/(pC+ N 1) 634
ds1 /(pC« N71) —113

& 2813
ks 0.43

B i A AT AR R AT BLE LA HES: . TR
FEL B RE 21 4 52 5 PR e by R T R g T T A B S iR
S AT AR S5 T P DA MG H 2 A g 2 R B AT LA
i 1 s H A A ARG B AN A2 G BRI 5 4 ST AR g
it EARR T HA PR AT

I\ 1o) [ g K (pC « N1

(1+ gof SEB.m>
) R B (pC « N D)
dy = ords1 (2
I L
e = @rens + gueim (3
PLELHE & R AL
Ezs = k. 4)

(e e (1 e )
Q1 Erg @1 S33.m
AR TR m g3 R B A BB i A R
21 YE MR A NI AR s @ 3R T v B RS AT 2wl 3h
A 2 AT o AR B B

TR AE R W] - 285 T vl B 58 4 4 0 B0 S0 B iR
TRPIAR S & Je UK 3l A 19 1 F P BE RBIL A e 2 1R RE R L
B SRR U T A PR A R i S A R
PGS LT 4 A BEREAL T 8 B A 2R F 2R A
14 1715 552 P 19 B Al 2t Ay 7 5245 R 3R T 2 A
HEL A IR FEL AR AN BE 52 4 Ml 5 R 45 R SR T T8 O3 4 Sl il
R B RAL A BESE 4 780 AT . BT A B ik 5K
T A2 5 SR ) 45 RA RAFAE — 2 I iR 22 . (H 2



Bast B

D) - SR 1k 1 A R W P R T A A AR IR B 75

PR X A2 5 AR ) 9 0P - A B 24 SGE AT
ATEyEe
2.3 HERMEAESESHHRINFHMERE

P 3 M v B RS AT HE R G B R B AR 1 P-E
M8 &, i 5d TF Analyzer 2000 £k H 43 #r {0 75
IR E. Ry 8. 3kV « em ™ ) A3 iR L5
J& P, oy 31.45uC « em *, 45 24 3 W] 3% UK 3h A £ it
3 WAk 8 3o A s P B R T AR, HL AR R A R R
L3y

= Actuator

p,/(uC-cm?)

15 10 -5 0 5 10 15
Electric field/(kV-cm)

B3 MERMESELS AR S P-E [
Fig. 3 P-E hysteresis loops of the macro piezoceramic

fiber composite actuator
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Fig. 4 Free-strain performance of the macro piezoceramic fiber

composite actuator (£1000V, 50Hz, sine wave, 6 cycles)
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