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Causesfor hyseresisand nonlinearity of
piezoelectric ceramic actuators

CUI Yuguw', SUN Bao-yuan' , DON G Wei-jie’ , YAN G Zhi-xin'

(1. School of Mechanical Engineering, Dalian University of Technology , Dalian 116023, China;
2. School of Electronic and Information Engineering,
Dalian University of Technology , Dalian 116023, China)

Abstract : The digplacement mechanismsof electrostrictive effect , inverse piezoelectric effect and ferroeec
tric effect are systematically analysed in a microcosmic way , and the resultsof analysesindicate that the dis
placement mechanisms of these three effects are totally different ; the displacement of piezoelectric ceramic
actuatorsis mainly due to inverse piezodectric effect and ferroelectric efect ; the contribution of dectrostric-
tive effect to the digplacement is D little that it can be neglected; pure inverse piezodectric effect islinear ,
while ferroelectric effect is hysteretic and nonlinear. It ispointed out that the non-180°turn of ferroelectric
domain and itsincomplete revergbility are the essentia causesfor nonlinearity and hysteressof piezoelectric
ceramic actuators regectively. The influences of driving voltage amplitude, driving voltage freguency ,
number of driving voltage cycles, and walfer thicknesson the hysteress and nonlinearity of piezoeectric ce-
ramic actuators are studied through expeirments.
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180° Tab.2 Hyseress and linearity of the piezodectric ceramic
180° stack actuators under different amplitude of excitati-
’ on voltage
(V) (%) (%)
40 4.0 1.5
80 9.8 3.9
4 - 120 16.2 6.5
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4 0.25 mm
5 y 1
Fg. 4 Hyderess loops under different amplitude of
voltage ( 3 )
[12]
1
Tab.1 Badc parameters of the piezodectric ceramic , 5 ,
gsack actuators
(10°*¢/N)  (mm) ' '
PZT-5 360 0.25 32 3
Tab.3 Hyseress and linearity of the piezodectric ceramic
4 ) , stack actuators under different frequenciesof excitar
( 2 ) tion voltage
, , (H2) (%) (%)
1 1.61 6.6
' ’ 10 17.4 7.0
100 19.4 7.8
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Fg.6 Hyseressloops under different excitatiion cycles

Tab.4 Hyderess and linearity of the piezodectric ceramic
stack actuators under different excitation cycles

(%) (%)
1 16.4 6.7
1 000 15.8 6.2
10 000 14.7 5.9
25 000 13.3 5.4
50 000 12.7 5.1
4 ) 1
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5
Tab. 5 The basc parameters of the piezodectric ceramic
gsack actuators
(10 2¢/N)  (mm)
PZT-5 305 0.17 46

Tab.6 Hysereds and linearity of the piezodectric ceramic
stack actuators under different thickness of wafe

V) (%) (%)
40 4.9 1.9
80 11.4 4.5
120 18.2 7.4
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