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ABSTRACT

Piezoelectric actuators have increased their number of application in adaptronics over the

past decade [1]. They can be used with several drive and control strategies and they are more

adapted to mechatronics applications requiring bandwidth, accuracy and/or lightweightness.

The purpose of this paper is to recall the different existing piezo actuators, the different drive

and control techniques and finally review several applications in machine tools, optics.

Piezoelectric actuators have become mature since the availability of multilayer piezo

components more than 15 years ago. Since then, their reliability, their temperature range, and

the way to use them efficiently have dramatically increased. Nevertheless, due to their

capacitive nature, the drive electronics shall require specific adapted drivers.

Piezoelectric actuators could be controlled through various ways: in most of the

applications, a control loop is necessary to achieve accuracy. It remains however possible to

drive the piezo actuator in open loop if the command is repetitive and the piezo actuators fully

characterized. Closed loop includes position, speed and acceleration closed loops. All these

strategies shall be reviewed through some examples.

INTRODUCTION

Piezoelectric actuators are known for their unlimited resolution and have therefore found

many applications in active optics [2], their first industrial field. However, their use is also

growing in other industries, such as machine tools and aeronautic, where adaptronic functions

become more and more widespread.

After a short review of piezoelectric components and actuators, the paper emphasises on

related drive and control electronics. Several control strategies are reviewed through some

industrial examples. Position, speed or acceleration based closed loops are investigated.

Combined position / acceleration closed loops allows using the same actuator to perform both

position control and vibration isolation.
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MULTILAYER PIEZOELECTRIC COMPONENTS

Introduction

Piezoelectric multiplayer actuators use the multiplayer technique developed for ceramic

capacitor. Layer thickness in the range 50 – 100 µm are typically use and allows using

relatively large electrical fields (2- 3 kV/mm) under low voltage below 200 V. The insulation

can be made through an external coating or through the ceramic itself. The latter case (Figure

1) is called a buried configuration. Reliability can be more easily understood through

Destructive Physical Analysis of components. It is essential to avoid delaminations and a too

high porosity.

Figure 1: Cut of view of a Multilayer Piezo Component.

Large multilayer components and trends

The multilayer technique however displays a limitation for large sized components for

several reasons. Firstly, the sintering process is more difficult to manage when dealing with

large components. Secondly, the self heating becomes much more critical because of the poor

thermal conductivity of piezo components.

Piezoelectric multilayer components have increased their temperature up to 160 °C, since

the gazole injection application has moved to its industrial use. To improve the reliability of

these components, it is essential to use them in prestressed conditions [3]. For this reason,

most of the piezo actuators produced by CEDRAT TECHNOLOGIES display a mechanical

prestress of 20 MPa.
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PIEZOELECTRIC ACTUATORS

Introduction

Several piezo actuators exist and their properties have been already presented in past

papers [4, 5]. Only a brief description shall be performed in this section.

Direct Piezo Actuators

Direct Piezo actuators are using an elastic prestressed frame, to provide the mechanical

prestress and the threaded connections (Figure 2). Blocked forces produced by these actuators

are typically ranging from 800 to 7000 N. Because of the strain limitation coming from the

piezo material, their no-load displacement is limited in practise to 100 µm.

Figure 2 - View of a parallel pre-stressed actuator PPA10M

Amplified Piezo Actuators

Using an elastic amplifier may be an alternative to circumvent the displacement limitation

mentioned above. In practise, mechanical amplifiers with an amplification ratio between 2

and 10 can be designed with a good efficiency (Figure 3). When possible, the mechanical

amplifier is also used to prestress the piezo stack.
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Figure 3 : View of an amplified piezo actuator

DRIVE ELECTRONICS

Introduction

A piezoelectric actuator is capacitive device, whose capacitance is often very large, as

much as 100 microfarads. Such a device presents a difficult load to its drive electronics, since

a significant charge transfer rate is needed to achieve a fast response. In addition the actuator

will produce electrical energy when submitted to a mechanical load.

Linear power amplifiers

Linear amplifiers are necessary to take benefit from the resolution of the piezo actuator.

However, dynamic operations lead to significant electrical losses in the linear amplifier. It is

therefore necessary to carefully design the heat exchanger. This has been done on the

CEDRAT TECHNOLOGIES amplifiers (Figure 4), which are able to supply up to 500 W of

reactive power.
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Figure 4 : Linear amplifier for piezoelectric actuators

Dedicated amplifier

The electronic functions necessary to drive and control a piezo actuator can be also

embedded in a single board (Figure 5). This board is dedicated to a space application [6] and

is specially designed to withstand a 20 Grms of random vibration. Additionally, internal

flanges in the frame are used to stiffen the board but also to isolate the electrical functions

each other and thus improve the EMC performances.

Figure 5 : a)View of the elegant breadboard of the driving and control electronic, b) view of an small

integrated board

ADAPTRONICS APPLICATIONS

Introduction

There are many possibilities when controlling piezo actuators, which depends on the

applications and the foreseen command. This section aims at covering many different

applications involving a closed loop.
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Open loop applications

Open loop operations with accuracy remain possible should the behaviour of the piezo

actuator (hysteresis, drift effect) is well known and if the command applied to the piezo is

known [8]. Two examples have been recently investigated at CEDRAT TECHNOLOGIES in

active optics:

- dynamic refocusing of a laser extended cavity for a LIDAR [2] (Figure 6),

- mechanism for CCD over sampling [7] (Figure 7).

For these two applications, the command is repetitive; therefore, the drift and hysteresis

can be anticipated through a feed-forward correction, which remain dependant on the

temperature and the voltage.

Figure 6 : View of Hollow Parallel prestressed Actuator for the ALADIN laser source LIDAR.

Figure 7 : CCD oversampling through a piezoactuated XY stage

Position control loop

Position control is the most known application for piezo actuators. A closed loop including

the piezo actuator, a position sensor, a Proportional Integral corrector is necessary to remove

the hysteresis of the piezo actuator (Figure 8). Because piezo actuators are displaying a high

quality factor, it is often necessary to add a notch filter to the controller.
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Figure 8 : Response of the mechanism to a sinusoidal order open loop and closed loop

Speed control loop

A nice adaptronic application remains the “electrical” cam for oval pistons that are used in

all automotive industry. Traditionally the ovality is achieved with mechanical cams with two

limitations:

- the machining speed can’t go over 500 rpm,

- the ovality has to be constant and it is not possible the change the amount of radial

displacement to produce the ovality.

A recent collaboration between ENTECH SA, a Spanish manufacturer of special machines,

and CEDRAT TECHNOLOGIES SA, led to a major innovation in the field of oval piston

machining. The innovation relies on the use of a direct piezoelectric actuator to move the

cutting tool for precisely machining the oval shape on the piston contour (Figure 9). A

Parallel Prestressed Actuator PPA60L is equipped with Strain Gauges in order to build a

closed loop.

The closed loop is optimised to achieve the best performances between 8 and 75 Hz.

There’s a compromise to be made between the phase lag at high frequencies and the stability

of the closed loop.
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Figure 9 : Machining tool & oval piston (courtesy of Entech ; LA75B driver & machining tool with

embedded PPA60L

Acceleration control loop

To achieve vibration damping, the piezo actuator can be combined with an accelerometer

[9] (Figure 10). Similarly to position control, high order vibration modes can greatly influence

the stability of the loop. On the Figure 11, it can be seen that the structure reacts under a

disturbance force at t = 0.1 s and is quickly damped at t = 0.5 s, when the closed loop is

switched on.

A nice application has been developed using this concept: the active damping of a ski

(Figure 12). The first flexural vibration mode of the ski is actively damped (the initial quality

factor of 100 is decreased down to 10) through a piezo actuator and an accelerometer. A

special filter is necessary to avoid instabilities coming from the high order vibration modes.

Figure 10 : Schematic of a system to be actively damped
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Figure 11 : Time diagram of an acceleration closed loop

Figure 12 : Application to Active ski (courtesy of ESA) [10]

Combined loops

Position and acceleration closed loops can be also combined in a single controller. This

application may find application in space optics where image multiplexing and micro-

vibration isolation can be achieved with the same piezo mechanism; it has been also tested at

CEDRAT TECHNOLOGIES.
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The position closed loop is effective below 5 Hz; the isolation vibration closed loop is

effective up to 60 Hz. The achieved performances are the followings:

• -40dB/decade roll off,

• the cut off frequency close to 50Hz,

• the over shoot 5dB@50Hz,

• the maximum attenuation : 10 dB.

Figure 13 : View of the piezo actuator and its payload equipped with a position sensor and an

accelerometer.

Figure 14 : Block diagram including the position and the acceleration closed loops

In this block-diagram:

- D(p) is the transfer function of the piezo actuator and the payload,

- A(p) is the transfer function of the power linear amplifier, including its current

limitation,

- F(p) is the transfer function of the position corrector,

- H(p)is the transfer function of the lowpass filter for the position sensor,

- K(p) is the transfer function of the position sensor,
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- K1(p) is the transfer function of the vibration sensor

- H1(p) is the filter transfer function of the vibration sensor corresponding to a bandpass

filter between 30 and 800 Hz,

- F1(p) is the transfer function of the vibration corrector.

Synthesis – Perspectives

Piezoelectric actuators can perform various tasks when combined to power amplifiers and

controllers: accurate positioning and vibration damping. Several examples have been

reviewed. Numerical closed loop can be implemented in order to combine efficiency and

flexibility.

CONCLUSION AND PERSPECTIVES

Piezoelectric actuators are more and more often used for their accuracy and fast response.

They are used in industrial applications together with a dedicated driver and a control loop.

Optical applications were the first to use piezoelectric multiplayer actuators. The past years

have seen the development of adaptronic applications in machine tools. Control loops can be

used either a position, speed or acceleration sensor.
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