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PIEZOELECTRIC SWITCHING TECHNIQUE FOR VIBRATION DAMPING
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1. Introduction

Piezocaamics are widdy used as adors and sensors in many technica applicaions They
offer very predse postioning and high dynamics. It makes them suitable for vibration damping
espedally at high frequencies. However, they need comprehensive amplifiers and power supply
when used as adors. An alternative approad for vibration control and damping is piezodedric
shuntdamping cp. Fig.1.
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Figure 1. Mechanicd structure with piezo dement. Shunting and switching plincples.

It fedures an eledricd network which is connedted to the eledrodes of the piezocaamics.
The piezodedric transducer is embeddal into the mechanicd structure and couples the mechanicd
and the eledricd systems by energy convesion by the piezodedric effed. Theaim of the network
design is to cause a dynamicd behavior of the piezocaamics which influences the mechanicd
vibration in the desired way. Typicdly, aresonant LR shunt are used for vibration damping, which
for maximum efficiency, mug be tuned to the natural frequency of the mechanicd system or to the
frequency of excitation [1]. The drawbad of this passve solution is the small frequency bandwidth.
Therefore, this technique is appropriate for vibration problems with only one dominant inveriant
frequency known in advance A negative cgpadtance nework has been proposd to incresse the
damping performance and the frequency bandwidth. However, a negative capadtance cannot be
redized in a passve way and requires power supply for opeation [2]. Another solution for
vibration damping is switched LR shunt[3]. In this technique the eledricd network is conneced
and disconneted periodicdly to the eledrodes of the piezocaamics. An eledronic switch circuit is
nealed to conne¢ and disconnet the network at appropriate times. Typicdly, the switching is
triggered by the mecdhanicd vibration itself. It has been shown tha these switching shunts are very
robug againg changes of the system parameters and the excitation frequency.

2. Piemdedric mode

For thecdculations alinea, one dimengond model of thepiezocaamicsisused, cp. Fig.1.
Themathematicd modd is derived from the conditutive equaions[1]. In case of the switchingit is
necessry to establish the energy amounttha may be extraded from the mechanicd structure in the
quasi stealy state by integration of the produd of the momentary voltage u, at the piezo element
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t+At
and the piezo curent i, over onemedanicad vibration period: AE = jup(t)ip(t)dt . Thecdculationsin
t
Laplacedomain (s=ja) are divided into two parts where the switch is open: voltage at the piezo
Up,open EQ(1) and dosed: voltage at the piezo Up qose, and the piezo aurrent I gose EQ(2).
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where: E(s)z—xm(s)cé—3DI33 is theinternd voltage source of the piez, z(s) =R+sL is the switched
ps

impednceshunt, the parameters of the piezo are: Cys - piezo capadtance css - mechanicd stiffness
of the piezo ds3 - piezo senstivity, X, - externd deformation. The variation of the open and close
time of the switch influences the amount of the energy bang transerred to the shunt

3. Measurements and the conclusions

The measurements are performed on the singe suppoted bean with a piezo pah attached to
the structure. The energy disspated in the system is plotted over a nomalized close and open
switch time cp. Fg.2.
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Figure 2. Measured disspaed energy.

It is proven tha contrary to the heuristic control law proposd in [3], the switching times
should be adjuged to the time condant of the externd branch in order to achieve the maximum
possble energy extradion.
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