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New developments in piezo actuators:
Long stroke actuators and high power electronics
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Abstract: In many cases piezoelectric actuators reach limitations
in terms of maximum displacement and cycling frequency. Most
amplified actuator technologies struggle to go over the millimeter
of stroke. Furthermore certain closed-loop applications demand
stroke measurement integrated into the actuator. While few
amplifiers on the market can offer 20Amps current over a few
100ms, development of high power supply units runs parallel
with actuator improvements. However with the introduction of
high power supplies comes the problem of self-heating of the
piezo ceramic. Finally extreme environmental conditionsin terms
of harsh conditions and high temperatures need to be addr essed
in order to open these markets for piezo actuators. Cedrat
Technologies has been heavily investigating in solutions to
overcome all of these drawbacks and these solutions are
presented here.

Keywords: Piezoelectric actuator, ECS sensor, switching amplifier,
Encapsulation.

1. INTRODUCTION

Cedrat Technologies has been making piezoeleatticators
for more than 20 years and has been innovatingtzothg to
answer to demanding applications in Mechatronite APA®
and PPA actuators offer dynamic capacities ablde with
high levels of shock and vibrations.

Existing APA'S® have been limited in stroke to the mm ranget

this article presents the development of new lotrgpke
actuators and the integration of an ECS stroke uneagent
sensor inside the actuator.

High power supply units are also presented, capaiodiving
several actuators simultaneously or a single amtuat very
high frequency, these units are pushing the limitsperating
frequency.

With high power

Furthermore traditionally two temperature-relatebhtems
have limited the number of applications for pieatuators:
firstly, internal heating of the ceramic from usé lEgh
frequency for extended periods; and secondly, eater
environmental conditions.

Some of the work presented here has been perfomithdh
the project AeroPZT, specifically funded under @lean Sky
Joint Technology Initiative (EUFP7). The projectrtpars,
Plant Integrity Ltd (UK), Cedrat Technologies (Feajy Noliac
(Denmark) and Politecnico di Torino (Italy), aregating the
development of materials and processes for thecapipin of
piezoelectric actuators in aero engine controldchviimplies
harsh environmental conditions, particularly eledat
temperature. Applications of such actuators cauttlide valve
control for fuel staging or clearance control.

2. LARGE STROKE ACTUATOR

Typically the multilayer piezoelectric actuator®yide around
0.1% of displacement, which is insufficient in many
applications. The simplest method to increase titoke of the
actuator is to increase the piezo stack length.otiuniately
his causes an increase in the overall size, mass@ume of
the actuator.

A second technique is to use mechanical amplificaith order
to improve the maximum stroke of the actuator. This
technique allows obtaining high stroke actuatorshiwi a
compact size. Cedrat Technologies has a long imadibf
producing mechanically amplified actuators. Thigetyof
actuators is called an APA® which stands for Aniptf

comes the problem of self-heating,Piezoelectric Actuator.

encapsulation is used to manage this in high dymami

application.

Finally encapsulated actuators are shown, capdhldeerating
in harsh/humid and high temperature environments.

In its simplest form encapsulation provides a ptaisbarrier
between the environment and the ceramic, restgctiimect
contact between the two. This form of encapsulatioideal
where the environmental conditions are either huonittarsh
and contact between both the environment and thamie
would limit the actuator life.

Figure 1: Long stroke amplified piezoelectric attuaAPA2000L.



The actuator mechanism is composed of two majotspar
piezoelectric ceramics that generates force, antei@l shell
that mechanically amplifies the displacement of ¢beamics.
The overall stroke of the actuator depends on @atement
of the ceramics and amplification ratio of the thel

Commercially available actuators have a free dispieent
between 0.5mm and 1mm [1]. The idea was to incréase
maximum stroke up to 2mm. It was decided to detigmew
APA® based on the L series actuators. This serses 6
(10x10x20mm?3) ceramics to generate the displacenidm

length and width is the same for each actuatohé deries
(145x10mm3) while the height changes as this hasfarence

on the amplification ratio.

The highest stroke actuator is the APA2000L andvipes
1968um of stroke. The resonant frequency is 90Hz in witk
extremity blocked and 487Hz with both extremitiesef The
blocked force of actuator is 60N. Based on freekstrand
force the generated power of this actuator is 1Bbde
amplification ratio of the actuator is 15 times.

A derivate called the APA1500L has also been desidrich
produces a stroke of 1480um and a blocked ford®@ dN.

3. SENSOR INTEGRATION

The most common sensors integrated in the piezbielec
actuators are strain gauges. This type of senssrnhany
advantages including good reliability, conditioningnd
accuracy. The strain gauge is directly glued to dammics
and measures strains on the piezoelectric compowéith is
then converted by the conditioner into a standardOV
signal. The calibrated output signal is proportlota the
displacement of the whole actuator with a spegéin value.

Although this sensor presents many advantagesnéasured
displacement in APA® actuators is indirect due twe t
mechanical amplification. This means that displasetof the

actuator is measured based on the ceramics digpdanteThis

solution works well, as long as the actuator is suhject to

dominant external forces, unfortunately, it is oftbe case.

The possibility of a direct measurement of the ldispment in
APA® has been investigated. A solution has beereldged
using Eddy current technology. This sensor allows &
contactless and direct measurement of
displacement. The integration of the sensor in ARA®
actuator was initiated by designing a support twild be
integrated into the actuator. Evaluation of varicaupports
was based on thermal testing and measurementsvaarid
high frequencies.

the actuatc

Figure 2: ECS with support intergrated into the APA

The ECS probe mounted inside the APA® shape alltivest
measurement of the actuator displacement. The odmpa
dimensions of the probe and the fixing method doimrease
the total volume of the actuator. At the same tithe
hysteresis correction and thermal behaviour presetiite best
conditions with this support design.

Both sensors strain gauges and ECS can be easity ard
integrated into fatigue test benches. Signals cgrfiiom the
sensor can be used for monitoring and controllirgectuator,
via a closed loop system.

4. HIGH POWER SUPPLY

One advantage of piezoelectric actuators for fatigesting
machines is the opportunity to work at high frequenBut
with large actuators, this requires a high powepl#ier, as
the current needed is proportional to the frequefitye most
common amplifiers used for driving capacitive loads linear
amplifiers. Although this type of amplifier provislesmooth
supply signals with low output noise (THD), their
configuration causes huge power losses. At the stame
power and current values require large componemisheat
sinks that make this amplifier massive. Due to this
disadvantage the maximum current value is limited.
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Figure 3: Power capabilities comparision of a switg amplifier (SA) and
linear amplifier (LA) on a PPA8OL actuator

A new amplifier has been developed for overcomihg t
limitation in current. In order to get an amplifieapable to
generate more power, a design based on switchanmpaéogy

was used. This enables much more power with nédgigi
losses making this amplifier very efficient.



The design of the amplifier has focused on driviagacitive
loads, particularly piezoelectric actuators. Thev lgoltage
piezoelectric materials require a driving rangeweaen -20
and 150V (170Vpp). At the same time, driving thastuators
at high frequency require a high current. The afigplican
provide up to 20A continuously, in the SA75D versid his is
sufficient enough to drive one large actuator fritwe L or XL
range from Cedrat Technologies, at high frequenay wuple
of actuators in parallel.

Figure4: SA75D assembled in standard 19 inches rack.

Tests with the SA75D and PPAS8OL-E showed that this

amplifier can easily provide 18.3A peak value whiiéving
the actuator at 1300Hz. In these conditions, th&8@R-E
provides 3500N and a stroke of |9d. At 1300Hz, the
mechanical reactive power stored in the actuatdr.3&VA,
whereas the maximum electric reactive power praliole the
amplifier is 1.5kVA. Power consumption benefits frahe
low losses of switching technology. Moreover, arergy
recovery system has been included for driving cifipac
loads. Finally, at maximum driving parameters (2@Ad
170Vpp) the required active power is less than 100%iv

power consumption and a recovery system allows gusin

smaller components. The mass of the core ampligidess
than 850g with a total volume of 100x100x100imnThe
power ratio of the amplifier is 1.75kVA/kg.

5. HEAT MANAGEMENT IN DYNAMIC APPLICATIONS

The availability of new high power amplifiers haloaed

actuators to operate at high frequency, maximumwkstand
for extended periods of continuous operation. Hewveself-

heating of the ceramic under high power loads patowate
restricted either the maximum operating frequencthe time
of operation, where short bursts of high loading had to be
followed by extended periods of no operation ineortb cool
down the ceramic.
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Figure5: View of PPA80OL actuator (to the left) and the
PPABOL-EA includes the fluid cooling and compressed
option (to the right).

Encapsulation offers the option of incorporatingc@oling
fluid. By immersing the ceramic within a fluid anyeat
generated during operation of the actuator carrdresterred
to the body of the encapsulation and rapidly rerdpegther
by natural convection or by the use of a secondgsiem.
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Figure 6: Thermal simulation showing the temperature
difference between the ceramic and encapsulation

Tests comparing a standard PPA80OL, and encapsulated

PPABOL-E with cooling fluid and an encapsulated BOIA
EA using both cooling fluid and compressed air &50bar
have been carried out, when all three were run3aH2 full
stroke the following results were produced:
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Figure 7: PPASOL/PPAS8OL-E and PPABOL-EA temperature
stabilising time

It can be seen that it takes around one minutéhfoPPA80L
to reach a temperature in excess of 80°C. The entapd
actuator using only the cooling fluid system reatttee same



temperature of 80°C in 53 minutes and stabilise828(C,
while the PPA8OL-EA. never exceeds 60°C.

The high efficiency of the air cooling system hdlsveed a
drastic increase in driving frequency for the attiuaThe air
pressure was kept at the same level of 0.25barewthié
frequency was increased. It was observed that
encapsulated air cooled actuator can be driventaothg even
in excess of 1300Hz.
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Figure 8: Ceramic cooling graph on
encapsulated actuators with and without compresséd
cooling

The two configurations of an encapsulated actuatoow

many advantages, compared to the standard PPA8Gione
of the actuator, the driving frequency has incrdageer 20
times for the encapsulated actuator fitted with fitreed air
cooling system (1300Hz). The encapsulated actuaiibrout

air cooling system can be used at a frequencyishag¢arly 5
times higher (230Hz) compared to regular actuggOHg for

PPASOL).

the PPAS8OL

Figure 10: APA2000L-E

The APA2000L-E developed with the AEROPZT projext i
able to reach 2mm of stroke and is hermeticallyeseto P68

for use in harsh environmental conditions, the aWesize of
the encapsulated actuator is 160mm long x 34mm wide
38mm high, compared to the standard non encapdulate
APA2000L of 140mm x 20mm x 20mm.

Encapsulated actuators have also been developediser
below ground level, here the temperature conditimmain

fairly stable however the environment contains Hiepels of

moisture and solid contaminates.

| Wil

Figure 11: Twin encapsulated actuators for use on a machine

Figure 9: PPASOL (left) and PP8OL-EA (right) working at the t00l within -a water spray environment, furthermotke

same ceramic surface temperature but differentueegies,
note the encapsulation surface temperature.

6. HARSH/HUMID ENVIROMENTS

As the applications for piezo actuators continueexpand
especially into fields such as aerospace, oil/gas science
there is a requirement for the actuator to be usétin

increasingly harsh environmental conditions.

In the simplest form encapsulation systems, prevaeingle
layer physical protection for the ceramic againste t
environmental conditions.

actuators are required to operate at 250Hz for &hperiods,
successful trials show the ceramic temperatureiliteb at
50°C - Note the air fins

7. CONCLUSIONS

Long stroke actuators generate up to two timeselasgroke
compared to standard actuators, with maintainedarmha
performance.

For a complete mechanism, an ECS displacementrsessde
integrated within the piezoelectric actuators. T¢as be used
for monitoring and controlling the actuator witlarclosed loop
system.

The high power switching amplifier range providesfisient
power to drive large piezoelectric actuators ahHigquency,
or a number of smaller actuators at the same time.

Encapsulation offers the opportunity to dissipai¢ generated
heat from high power applications, or to allow attus to
operate within a high temperature environment.teurhore it
protects the actuator from harsh or humid enviramale
conditions.
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