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Residual Vibration Suppression of a Piezoelectric Beam Using a Self-sensing
Technology

Yoonsu Nam®, Jongsoo Park” and Huyeong Jang™

ABSTRACT

This paper deals with a problem of vibration suppression of a piezoelectric beam using a self-sensing algorithm,
Two methods, which are PPF(positive position feedback) and SRF(strain rate feedback), are considered to suppress a
residual vibration of a piezoelectric beam developed during the step positioning of a beam end point. A self-sensing
algorithm treated here is basically a strain rate estimator of a beam movement and is to be used for the closed loop
control. The efficacy of the proposed idea is evaluated through experiments.
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AR-R=L
C, : capacitance of a piezoelectric material r(ty=[r,(t) ... r,(t)] : generalized coordinate vector
Dj; : electric displacement (charge/meter) T, : normal stress on 1-axis
e, =T, /E3 : piezoelectric constant t : thickness of a piezoelectric material

(stress/electric field)
€, : permittivity on 3-axis for a static deformation
€, : normal strain on 1-axis 1. AMB
E; : electric field on 3-axis(volt/meter)
,(x): i-th admissible function A 22 (piezoelectric material)?} $-8¥ A FE
Qot : total electric charge for the input £2 AT AAMoAMFRE FREY ¥4 Fu, &
Qmesh : €lectric charge induced by mechanical deformation T HA/ 3 2AS 9% FEAA o277
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Ar 1§83 A2 & FF 883y, H2de
ANAE A% =golB HDD), 2 #3877, A
A 98 (biomedical) o] vlola R JFfolA
ZAN2AN 2 $80] FA Fuydn Yokt =,
A o o)(cell array) TF9 E|7EH FHAARE o
£t A HRzAY A FE el =7
(feeling)e FAste A AA ALz 2 $&
AFAE Ragam Qo e

£ AFA AAE 7ed dHALRY A7
Z(self-sensing) 715 S ol &8d, FAF &4d W
(flexible piezoelectric beam)2] FFAFolvt A H £
AE #ANE 7 de AR AAYE T &
49 Zolt}. ol % o] AAE A¥EHY] Ast
o ALz TE (actuation)T FAJo] 2 ¢A
227} J1AH o2 ojgA §Hsn UEIE, 9
R AA e L8 glol A7) Al (self-sensing) 7]%F 2
2 AgsA FAE 4 A JHl g Aol
AAHo ol get dHAzE HU-AANFE oA
2 319 71A4-77] YA It A5 EEEHE A8
o} wpEha, ALR QR HEE QAIAIIIH,
GALzE JAAH HWEE A . oleh Zol
AE Haz 71AIF R ostd, gAA
A W= § % A3} (induced charge)7} BAEHH,
o] A&t ZELE st GAAA Foe &
el BAE VAR Ao ol fFrd
Aty 2 Al HEFEFE ASE & AUHE,
o] AZEE o] &ty ¢4 TREY JAA WHY
ojluf 1 AJZt W3 Ed B FHE FAHE 5 AU
A 2 Zolt. gHAaAe ol ZA-AZA W
AUEE ol &§ o] A7AE (self sensing)d] U
o]} 1215

A FRE(flexible structure)®] IFF AF A
€ 4% Ao ez F LA wye
PPF(positive position feedback)®} SRF(strain rate
feedback) 710l ULt & Wy BE {4 F=2
29 938 F/HIIE JALEAM, PPF & TZE
o] MYE 1egld SRF & FXE HYY A
&g 77t g=wstA dok B =R AE 3y
g wHoz P LY FE LA
(piezoelectric bimorph beam)?] I} F A F A E 93}
o, PPF R SRF 7|¥& #&3txn, 4z %] A%
& vlZ3gict. o Yopst A7) AE olgg 4§
fd FREY IS AA U APL S8
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Fig. 1 Electric circuit of a strain rate self-sensing
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Fig. 2 Electric circuit of a strain rate self-sensing using an adaptive filter
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Table 1 Characteristic data of the piezoelectric beam

Symbol Description Value Unit
L, Clamped length of piezoelectric beam 95 mm
L Total length of piezoelectric beam 100 mm
h, Thickness of piezoelectric beam 0.27 mm
h, Thickness of elastic beam(shim) 0.1 mm
h, Thickness of electric plate material 0.013 mm
b Width of beam 13.01 mm
Pp Density of piezoelectric material 7.65x 10° kg/m’
05 Density of shim material 8.78 x 10° kg/m’
Pe Density of electric plate material 5.07 x 10° kg/m’
E," Young's modulus of piezoelectric material 6.20x 10™° N/m?
E, Young's modulus of shim material 1.10 x 10" N/m*
E, Young's modulus of electric plate material 0 N/m?
d Piezoelectric constant -240x 1072 m/V
€33T Relative permittivity of piezoelectric material 2130 F/m
C, Total capacitance of piezoelectric material 126.8 nF
ol 1% ARE 71F & u, x-PFo= T FY 4 (69 FHEE W¥(assumed mode method) I
2 E #| 2 (bending stress)7} 8322 o] We] MY Hamilton's principle & A4, e 4 3
£ olge) Aoz EHED, o 5 Austs BRAE ot gol #EY
n 2~ 0 20
yx 0z 3" 6,008 T A
©  Mi+Cyi +Kgr=0v
M
q=0"r+C,v
= 1
__ = 9 A, Ms, Cp, Ks & A%, 9%, 281 &2
| e 9 HEZAE dehiol, @ = gaazte 7
| 1A BEHE mE2olth (7) 29 F WA 4
| & 4 @% #AkE &, 9w ANAS 23
| = ~
: i olgtd, Cv &€ F7F AMWAIH Cp & AHE3HA
' AANZ 5+ doBE oy 4g dg + Uk
qmech= G)Tr ? imech= ®Tr (8)

Fig.3 Schematics of a cantilevered piezoelectric
beam
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Fig. 4 Analytic and experimental frequency response
of self-sensing mechanism
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(B) SRF control loop structure

Fig. 5 Closed loop structure of a PPF and SRF control
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Fig. 6 PPF closed loop time domain responses for various gains and frequency responses
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Fig. 7 SRF closed loop time domain responses for various gains and frequency responses
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SRF performance for various gains using self-senaing
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Fig. 8 SRF closed loop time domain responses for various gains and frequency responses in case of using a
strain rate self-sensing mechanism
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