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Vibration Control of Flexible Linkage Mechanisms Using Piezoelectric Films

Seung-Bok Choi*, Chae-Cheon Cheong®* Bon-Kweon Koo**

ABSTRACT

A control methodology for suppressing the elastodynamic responses of high-speed flexible
linkage mechanisms is presented by adopting the concept of smart structures featuring
piezoelectric films, The dynamic modeling of the proposed mechanism is accomplished by em-
ploying a finite element formulation which accounts for dynamic motion in both inertial and
elastic coordinates, The dynamics of piezoelectric actuators and sensors bonded on the original
flexible structure are developed for one-dimensional beam in conjunction with the modal analysis,
The linear optimal controller which consists of a feedback control law and a Luenberger
observer is employed, Numerical simulation is performed to evaluate the improvement of

elastodynamic responses,
Key Words : Piezoelectric Film(¢#d&), Smart Structure(A7lE 2E), Flexible Linkage

Mechanism (fr¢ 7] ®i7}%), Vibration Control (Z54¢]), Optimal Control (¥4
Alol), Control Spillover (zlo] ATQ $u)

NOMENCLATURE
A, ! Sectional area T Kinetic energy
dy : PVDF strain constant u Nodal displacement vector
e : Unit vector v Strain energy
El : Bending stiffness Vi : Input voltage
F(x) : Axial force Vo) : Output voltage
8 : PVDF stress constant w: (t)  Natural frequency
h(-) . Heavyside step function o Mass density
I : Unit matrix & Damping ratio
Ky :  PVDF electromechanical coupling factor 0 Time derivative
M . Bending moment () Spatial derivative
N . Shape function diag(-) : Diagonal matrix
Ii . Position vector of any point
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Fig. 1 Generalized coordinate of two adjacent links
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Fig. 2 Nodal displacement of each element
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Fig. 4 Closed-loop control system of a flexible linkage mechanism

5. AlEdo|M % ZHn} DE Table 1, Geometrical and mechanical properties
~ Specifications Piezoelectric film Orxg}nal
AHYE dZdojH ¢ HMHE EFJoz 3= A9t connecting-rod
§ o= 3agsl AGRRE U A Figseh  LOEL — =
. 02m , 02m
& zeolg-24a Wrzy BAeFel u8 HA -
O @Y zez A48d Y& Tz2ED OH B8 Thickness (h) 0.0001im 0. 001m
- = = Density (o) 1780ky /1t A40ky /1t
Young's modulus (E) 2.0 GPa 68,95 GPa
Y
Plezoelectric fil Original structu ; o
ezoelectric m riginal structure Piezoelectric film 23)(10»” m/m )
p strain constant (e, v/m
L ] ] ] [ 2 1 ]
o @ @ o 6 o i ic fi \
_ Piezoelectric film 216X 10" v/_m _
stress constant (g.,) N/at
Rigid crank Flexible connecting-rod
Piezoelectric film 380 oF/ad _
. = capacitance (Co)
Maximum operating +15kV _
voltage (Vmax)
0 X -

Fig. 5 Slider-crank mechanism with the flexible
connecting-rod
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Table 2, Natural frequencies of the connecting-

rod
Mode With piezoelectric With piezoelectric

fim (Hz) fim (Hz)
1 17.6 16.6
2 70.1 66.5
3 158.6 150, 1
4 841 2689
5 4504 4263
b 7013 663.7
7 048, 4 897.6
8 1304.0 1234.1
9 1762, 8 1668, 3
10 2333.3 2208.1
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=g 3PY A3} TL=E Aoje =HA AR #
2¥9ER uEded #E7] 44 QY 4 ERE
o] ZHwle 0.00322 71R o 7|E -
upgl Aoj7l9) HEZ poled -18+404) B -40£223)
2 ASED g AR 2 23 2oz @y
Ave 44 0,179 2 0, 044698 & & At 28x
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Fig. 6 Midspan transverse deflection and velocity of
the connecting-rod
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