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MICROPOSITIONING DEVICE WITH a first capacitor connected in series with the piezoelec 
MULTIDEGREES OF FREEDOM FOR tric actuator , 
PIEZOELECTRIC ACTUATORS AND a charge amplifier having a first input connected to a node 

ASSOCIATED METHOD between the two resistors , forming a virtual ground at 
floating high potential , and a second input connected to 

This application claims priority to International Applica a node between the first capacitor and the piezoelectric 
tion No . PCT / FR2013 / 050622 filed Mar . 22 , 2013 and actuator . 
French Patent Appln . No . 1252554 filed Mar . 22 , 2012 ; the This device obviates external sensors in that it makes it 
entire contents of each are incorporated herein by reference . possible to use the same piezoelectric material as an actuator 

and as its own sensor . BACKGROUND In other words , it is possible to obviate a measurement of 
the actual deformation of the piezoelectric material and / or of The technical field of the invention is that of methods for the displacement of the actuator and / or of the applied force positioning actuators , in particular piezoelectric actuators , 

and it relates more particularly to a micropositioning method 15 by 15 by measuring the variation in the actual electric charge 
for piezoelectric actuators and to an associated device . present on the piezoelectric actuator and by calculation 

The problem of micropositioning for piezoelectric actua - tua test ( estimation algorithm ) on the basis of this variation mea 
surement of the actual electric charge . tors has already given rise to a plurality of solutions , in 

particular the solution consisting in voltage control of an Although this device may seem to involve a larger error 
actuator comprising a pair of electrodes , so as to deform a 20 in the accuracy of the measurements obtained in comparison 
piezoelectric material arranged between the electrode pair with the prior art , it is surprisingly found that the quality of 

In general , this type of device provides deformation the position measurement of such an actuator is highly 
measurement means , the sensors of which are located at the satisfactory , i . e . of the order of a few nanometers rms ( " root 
piezoelectric material ( strain gauges ) , or means for measur mean square ” ) , i . e . better than a triangulation optical sensor 
ing the displacement of the controlled structure , the sensors 25 and substantially comparable with an interferometric mea 
of which are located outside said structure ( triangulation or surement . 
interferometric optical sensors ) . Furthermore , obviating the measurement sensor makes it 

Nevertheless , these strain gauges have an unfavorable possible to save on the procurement of said sensor , i . e . to 
signal - to - noise ratio while the external sensors are very significantly reduce the cost of the device . 
bulky , all the more so as these devices need to comprise as 30 Such a device furthermore makes it possible to be able to 
many sensors as there are degrees of freedom on which a carry out simultaneous measurements of the piezoelectric 
measurement is to be carried out . The use of such devices is material deformation according to a plurality of degrees of 
therefore limited to applications in which the space contain - freedom , and to do so on devices whose dimensioning is 
ing the measurement means is not a problem . Furthermore , problematic . The bulk is therefore minimal . Furthermore , 
these very precise devices are very expensive , the cost being 35 such a device allows “ real - time ” control of the associated 
commensurately higher as the number of degrees of freedom micropositioning device . 
is large . The device also obviates external sensors in that it makes 

it possible to use the same piezoelectric material as an 
SUMMARY actuator and as its own sensor . 

40 In other words , it is possible to obviate a measurement of 
The invention aims to overcome some or all of the the actual deformation of the piezoelectric material and / or of 

drawbacks of the prior art , in particular the problems posed the displacement of the actuator and / or of the applied force 
by the size and cost of the means for measuring the dis - by measuring the variation in the actual electric charge 
placement of structures actuated by at least one voltage present on the piezoelectric actuator and by algorithmic 
controlled piezoelectric actuator . 45 calculation on the basis of this measurement of the variation 

According to a first aspect of the invention , a micropo - of the actual electric charge . 
sitioning device for at least one piezoelectric actuator , said It should be noted that , further to a displacement of the 
piezoelectric actuator comprising at least one piezoelectric piezoelectric actuator and / or a force applied by an external 
material capable of deforming when it is subjected to an environment to said piezoelectric actuator , the estimation 
electric field , characterized in that it further comprises : 50 means may make it possible to estimate any other parameter 
means for controlling an electric field applied to said which depends directly or indirectly on said electric charge 

piezoelectric actuator so as to deform the piezoelectric variation measured by the measurement means . 
material , and According to a particular characteristic , the piezoelectric 

means for simultaneously measuring a variation in elec - actuator comprises at least three distributed electrodes , 
tric charge accumulated on the piezoelectric actuator as 55 including at least one ground electrode and at least two 
a result of the deformation ; and active potential electrodes . For example , the piezoelectric 

means for acquiring measurements of the electric charge sensor may be a piezo tube or any other actuator with a 
variation , for processing these acquisitions and for plurality of degrees of freedom . In the case of a piezoelectric 
estimating a displacement of the piezoelectric actuator actuator of the piezo tube type , said piezo tube comprises the 
and / or an applied force on the basis of the measurement 60 piezoelectric material forming the tube , the ground electrode 
of the variation in electric charge accumulated on the arranged on an internal wall of the tube and at least two 
piezoelectric actuator , active potential electrodes arranged on an external wall of 

such that the control and measurement means further the tube . 
comprise : The number of external electrodes preferably varies as a 

a voltage generator connected in parallel to : 65 function of the number of degrees of freedom on which a 
a divider bridge , the divider bridge being composed of measurement is to be carried out . Thus , in the case in which 

a first resistor and a second resistor in series , and to at least two active potential electrodes are used , it is possible 

at means 
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to control the piezoelectric actuator respectively according tion with reference to the appended figures , in which : FIG . 
to at least two degrees of freedom . 1 shows a functional diagram of the means for control and 

Advantageously , the means for controlling the electric simultaneous measurement , and the means for acquisition , 
field and for simultaneous measurement of the electric processing and estimation , according to one embodiment ; 
charge variation comprise at least one circuit for controlling 5 FIG . 2 shows an outline diagram of an actuator according 
the electric field applied to said piezoelectric actuator and to this embodiment ; 
for measuring the variation in charge accumulated on the FIG . 3 shows a general structural diagram of a device for active potential electrodes . micropositioning a piezoelectric actuator according to this Advantageously , the charge amplifier comprises an opera embodiment ; tional amplifier and a second capacitor connected between 
the second input and the output of the operational amplifier . 10 FIGS . 4a and 4b show diagrams of an electrical circuit 

associated with an electrode according to this embodiment ; According to another characteristic , the control and mea 
surement means furthermore comprise a circuit for resetting FIG . 5 shows a diagram of an overall electrical circuit 
to zero the charges present on the second capacitor . associated with a piezoelectric actuator of the piezo tube 

The piezoelectric device being likenable at rest to a type according to this embodiment ; 
capacitor , the first capacitor and the first and second resistors 15 FIG . 6 shows a detailed block diagram of an observer , or 
are selected so that the ratio between the first and the second estimator , according to this embodiment . 
resistor is substantially equal to the ratio between the first For greater clarity , elements which are the same or similar 
resistor and the capacitor of the piezoelectric device at rest in the various embodiments are denoted by the same refer 

Advantageously , the first capacitor is selected so as to ences throughout the figures . Their description will not be 
have a leakage resistance of more than 100 Gohm . 20 systematically repeated from one embodiment to another . 

Furthermore , the first capacitor is selected so that most of 
the voltage delivered by the voltage generator is found on DETAILED DESCRIPTION 
the piezoelectric device , the term “ most ” of the voltage 
meaning at least more than 50 % of this voltage . Preferably , FIG . 1 shows a functional diagram of the means for 
the first capacitor is selected in such a way that at least 90 % 25 control and simultaneous measurement , and the means for 
of the voltage delivered by the voltage generator is found on acquisition , processing and estimation , according to one 
the piezoelectric device . embodiment . In another advantageous configuration , the output of each More precisely , this figure represents a device 100 for charge amplifier is connected to an analog - digital converter micropositioning a piezoelectric actuator 200 , said piezo connected to a computer via galvanic isolation circuits ; the 
computer estimating the displacement of the actuator and / or 30 electric actuator 200 comprising a piezoelectric material 201 
the deformation of the material and / or the applied force on capable of deforming when it is subjected to an electric field . 
the basis of the charge variation received from the charge In this embodiment , the piezoelectric actuator 200 is a 
amplifiers and the voltages applied by the voltage genera piezo tube comprising the piezoelectric material 201 form 
tors . Conversely , in another embodiment , the galvanic iso - ing the tube , a ground electrode Em arranged on an internal 
lation may be implemented in analog mode , in which case 35 wall 202 of the tube and four active potential electrodes E , 
the analog - digital converter is arranged after the galvanic E2 , E3 , E4 arranged on different sectors of an external wall 
isolation circuits . 203 of the tube . 

Advantageously , the piezoelectric device comprises at The piezo tube is defined in an orthogonal reference frame 
least three electrodes , including at least one ground electrode with axes x , y and z , the z axis being the longitudinal axis 
and at least two active potential electrodes , the device 40 of the tubular shape of said piezo tube . 
comprising as many control and measurement means as In such a configuration , the application of a voltage to 
active electrodes , connected one by one , and the control and these active potential electrodes E , , E2 , E3 , E4 , and therefore 
measurement means being connected to a single computer the application of an electric field , makes it possible to 
adapted to displace and measure the piezoelectric device in impart a longitudinal deformation of the various sectors of 
at least two dimensions . 45 the piezoelectric material 201 forming the tube , leading to 

According to another aspect , the invention relates to a deflection along the x and y axes as well as contraction or method for micropositioning at least one piezoelectric actua elongation along the z axis . tor , carried out by a device as described above , characterized More precisely , the micropositioning device 100 has two in that it comprises the following steps : main functions here : steps : 
of controlling the piezoelectric actuator by applying an 30 an 50 a first main function FP1 making it possible to control and 

electric field to said piezoelectric actuator so as to simultaneously measure a variation in the charge on the 
deform the piezoelectric material ; and various sectors of the piezo tube ; and 

of simultaneous measurement of a variation in electric a second main function FP2 ensuring the acquisition , 
charge accumulated on the piezoelectric actuator as processing and estimation of the x , y and z displace 
a result of the deformation ; 55 ments . 

at least one step of acquiring the measurements of the Furthermore , the main function FP1 is subdivided into 
electric charge variation , of processing these acqui - four secondary functions FS ( E1 ) , FS ( E2 ) , FS ( E3 ) , FS ( Ed ) , 
sitions and of estimating a displacement of the each associated with one active potential electrode E , , E , , 
piezoelectric actuator and / or of the applied force on E3 , E4 . 
the basis of the measurement of the variation in 60 Furthermore , each of the secondary functions FS ( E , ) , 
electric charge accumulated on the piezoelectric FS ( E2 ) , FS ( EZ ) , FS ( EA ) is subdivided into two secondary 
actuator . functions per active potential electrode E1 , E2 , E3 , E4 . Thus , 

each of the four active potential electrodes E1 , E2 , E3 , E4 
BRIEF DESCRIPTION OF THE DRAWINGS respectively fulfills : 

65 a first secondary function FS11 , FS12 , FS13 , FS14 ful 
Other characteristics , details and advantages of the inven filled by means for controlling an electric field applied 

tion will become apparent on reading the following descrip to said piezoelectric actuator 200 so as to deform the 
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oble 

R1 Cp 

piezoelectric material , this first function ensuring said A charge Q is applied to each sector of the actuator by 
control of the electric field at said piezoelectric actuator means of the voltage V , via a capacitor C . . The latter is 
( 200 ) ; and selected for its low losses . It is therefore considered as being 

a second secondary function FS21 , FS22 , FS23 , FS24 linear and stable . 
fulfilled by means for simultaneously measuring a 5 Its value is such that most of the input voltage V is found 
variation in electric charge accumulated on the piezo - on the piezoelectric actuator . A ratio of one tenth is satis 
electric actuator 200 as a result of the deformation , this factory , although any other ratio is possible . 
second function ensuring said simultaneous electric The voltage V also supplies a divider bridge composed of 
charge measurement . Ril and Riz ( i is again the channel number from 1 to 4 ) , Furthermore , the second main function FP2 is fulfilled by 10 1 denoted below by R , and R2 , ensuring equilibrium between means for acquiring the measurements of the electric charge the two branches of the bridge if variation , for processing these acquisitions and for estimat 

ing a displacement of the piezoelectric actuator 200 and / or 
an applied force on the basis of the measurement of the 
variation in electric charge accumulated on the piezoelectric 15 R , 5C , actuator . 

FIG . 2 shows a diagram of an actuator according to this 
embodiment , here a piezo tube . This figure shows the Any modifications of the capacitance Cp , resulting from 
piezoelectric material 201 forming the tube , the ground deformations of each sector , modify the equilibrium of the 
electrode E , arranged on the internal wall 202 of the tube 20 charges , which will then be measured by the charge ampli 
and the active potential electrodes E . , E . , E2 , E , arranged on fier composed of the circuit of the operational amplifier , 
different sectors of the external wall 203 of the tube ( only denoted by AOP , and the capacitor C . 
three of the four active potential electrodes are represented The resistor R and the switch K , allow full resetting to 
here ) . zero of the charges present on the plates of the measurement 

Thus , in this figure , V1 , V2 , V3 and V4 respectively denote 25 capacitor C . 
the electrical potentials applied to the active potential elec - The diagram of FIG . 4a may be likened to the diagram of 
trodes E , , E2 , E3 , E4 . FIG . 4b , where g ; is a gain to be identified . This gain 

FIG . 3 shows a general structural diagram of a device for includes a gain in an opto - coupler , a gain in an analog - digital 
micropositioning a piezoelectric actuator according to the converter and possibly an adjustment gain in an integrator 
same embodiment . 30 circuit . 
More precisely represented in this electrical diagram of More precisely , the various signals and variables of FIG . 

the micropositioning device are : 4b are listed below : 
an electrical circuit 210 making it possible to convert the V , is the control potential , 

charge variations Qi measured on the active potential Vpi is the potential found on the electrode Ei , 
electrode Ei into usable voltage Vo ; 35 Vai is the potential at the output of the operational 

an observer 220 , or estimator , making it possible to amplifier AOP , 
provide the values x and y , which are the estimated Voi is the usable potential found at the output of the 
values of the actual displacements Xre and Yre at the electrical circuit , 
end of the actuator , on the basis of the available signals , Qi indicates the charges appearing on the electrode Eig 
which are the usable voltages Voi and the control 40 Cri is a capacitor for a divider bridge , 
voltages Vi ; and Cpi is an equivalent static capacitance of the piezoelectric 

a piezoelectric actuator 200 ; actuator in its electrode E , part , 
where i is in this case an integer between 1 and 4 , i being C ; is a capacitor for measuring variations in charges , 
used to reference an electrode E ; . Rii and Ri2 are two resistors for the divider bridge at the 

In order to simplify the diagrams illustrated here , the 45 input of the operational amplifier AOP , 
calculation of the estimated value of the z displacement is R , is a discharge resistance , 
not described in this case , but is of course estimated in a g ; is the gain . 
similar way to the x and y displacements . In this embodiment , the operation of the device for 

FIGS . 4a and 4b show diagrams of an electrical circuit micropositioning the piezoelectric actuator is governed by 
associated with an electrode according to this embodiment . 50 electrical equations and piezoelectric equations . These equa 
More precisely , FIG . 4a illustrates an electrical circuit of tions are subsequently used in order to derive the observer , 

an electrode E ; making it possible to fulfill both the first or the estimator . 
secondary function FS1i and the second secondary function We recall that , in FIG . 4b which illustrates the electrical 
FS2i , these two secondary functions being grouped as a diagram for the electrode i , Vpi is the voltage across the 
secondary function associated with an electrode E and 55 terminals of the actuator , electrode i part , Vc ; is the voltage 
denoted by FS ( E ; ) . across the terminals of the capacitor Ci , i ; is the current 

A partial electrical circuit is illustrated , which partially which flows through the capacitor Crisis is the current which 
fulfills the main function FP2 , here denoted by FP2p . flows through the capacitor C ; , and it is the current which 

Thus , FIG . 4a details the circuit diagram of a secondary flows through the actuator via the electrode i . 
function FS ( E ) associated with an electrode Ej , i being an 60 The electrical equations are then more precisely : 
integer between 1 and 4 , applicable for a sector of the piezo the equations of the input voltages ; 
tube . the equation of the voltage c ; and 

The index i representing the channel number will not be the equation of the usable output voltage V . . 
repeated in the rest of the explanation , in order to simplify More precisely , the equations of the input voltages are 
the notation . 65 defined by the relations between the voltages at the input of 

Each sector of the piezo tube is denoted by “ Piezo ” , and the operational amplifier , including the resistive divider , 
is likened to a capacitor Co . which are as follows : 
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[ 1 ] 1 / Cri + Rii [ 10 ] ( Vpi = V + 
V + = V 

V ci = V ; - Qdefi - Cil ( Ril + Ri2 ) 

Ri2 | = Roma 5 Onni - Rechnet Rap Sov ; de - f irail ( R1 + R2 ) 

where V + and V _ are the voltages at the input of the Furthermore , the equation of the usable output voltage Voi 
operational amplifier . may be deduced from the equations linking the voltages Voir 

Furthermore , the equation of the voltage Vci is linked with 10 Vei and Vpi , which are as follows : 
the charge Qci on the capacitor C ; by the following relation : 

CZ 

VOL - Val [ 11 ] 
Si = > Voi = gi ( V + – Vci ) Va a les = f iade 15 15 Vqi + Vei - V + = 0 

By using Equations I and II , the voltage V . ; can be defined 
as follows : 

Ri2 Voi = sila , pa vi - Vai ) [ 12 ] 
Voi = 817 ( RiL + Ri2 ) 

Now : 
içi = i - ipati - i biasi [ 3 ] 

where ibiasi is the leakage current in the operational ampli - 20 
fier . 

Furthermore , the current in the relation linking the current 
ipzt in the actuator and the charges thereon is : 

Sofipzidt = Qdent Gpai + lofteakidt 
where ( defi is the charge generated by the application of the 
voltage Vpi and by the deformation of the actuator , Qbai is 
the charge due to the dielectric absorption of the material 
( 201 ) and ileaki is the leakage current . These quantities may 
have positive or negative gains . The leakage current iieaki is 30 
linked with the leakage resistance Rfpi in the actuator as 
follows : 

[ 4 ] 25 By combi By combining Equations 10 and 12 , the following equa 
tion of the usable voltage Voi is obtained : 

Ri2 1 / Cri Ril V - Rizv . 1 / C i RilV . - O Voi = 81 ( R ; 1 + Riz ) : - C : ( R ; 1 + Riz ) : - Gdefi - 
[ 13 ] [ 13 ] 

Qori - Rencontra S vidi - Spises d ] 
ileaki = 3 

By using Equations 2 , 3 , 4 and 5 , it is possible to deduce 
therefrom the voltage Vci : 

As regards the piezoelectric equations , these are more 
precisely the equations making it possible to calculate the 
charges on the electrodes . 

The relation which links the x deflection at the end of the 
piezoelectric actuator , here of the piezo tube type , and the 
voltages V , and V3 respectively applied to the electrodes 1 
and 3 is given by the following equation : 

Vpi dt V ci 
1 
El lidt - Qdefi - Qdai - - dt - RO Jo Rfpi Ibiasi dt 

45 [ 14 ] 45 x = av? - aV3 € ( Vi - V3 ) = ? 
Now , according to FIG . 4a , the currents i , are as follows : 

[ 7 ] 
i ; = Cri 

d ( V - Vpi ) 
LA di ; dt = Cri ( V ; – Vpi ) 

where a is the piezoelectric coefficient for a unipolar control , 
that is to say U , is not necessarily equal to - Uz . This 

50 coefficient is available in numerous articles , such as the 
article " Introduction to Scanning Tunneling Microscopy ” by 
C . J . Chen and published in the review Oxford University 
Press in 1993 . The same relation is obtained for the y axis : and according to equation 1 the voltage Vpi is : 

55 
Ri2 [ 15 ] Và R , R , " . y = a 2 - aV4 ( V2 - V4 ) = pis 

( RiL + R2 ) 

60 which , using Equations 7 and 8 , leads to : Furthermore , by assuming the charges Qder and Ode?z : 
on the electrodes to be identical ( a , az = a ) and antago 

nistic 1 and 3 for the x axis ; and 
Cri Ril [ 9 ] 1 lidt = on the electrodes to be identical ( B2 = B4 = B ) and antago ( RiL + Ri2 ) nistic 2 and 4 for the y axis ; 

65 written parametrically with respect to the voltages U ; ( i here 
By using Equations 6 , 8 and 9 , it is possible to deduce the being an integer between 1 and 4 ) , and taking the symmetry 

final equation of the voltage Vci : of the actuator into account , we obtain : 
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we obtain the equations given below : 
[ 16 ] ( Qdef 1 = a V1 - a V3 + BV2 - BV4 = a ( V1 - V3 ) + B ( V2 – V4 ) 

Ildef3 = - aV1 - a V3 + BV2 - BV4 = - a ( V1 - V3 ) + B ( V2 – V4 ) 1 X Y 
= V1 V1 + - a - + B 

la a 10 
T + Vidt + DAL + 211 bias dt 

5 
11 

= y3V3 + - 1 - 
x 
- + + DA3 + Vzdtt The same equation can be written for the charges Qder2 

and Qdef4 for the y axis : 
21 00 vo 

she has a niv alc? + px + Oppt + 21 [ " vide + Siwelde ) 
The same equation can be written for the charges Qter ? = 7 Vs + : ( - + b3 + Opas + 1s [ v > dr + ? ' insar ) 

ha ha havs + ble * p + Opx3 + d2 ? ̂ V de + f itazar ) 
{ lupa = avs - eva + bv . – Bvs = dva – vo ) + fovi – V ) 17 ravas + dl - c2 + % + 224 + re ?va?e + S ' wisdr ) def 2 = aV2 - QV4 + B V3 = Q ( V + BIV 3 ) = Y4V4 + al - a - + 

Ca 
- + DA4 + 14 V4dt + Ibias4dt | 30 

1 def4 = - a V2 + aV4 + BV1 - BV3 = - a ( V2 - V4 ) + B ( V1 - 13 ) 
Lastly , on the basis of Equation 21 , it is possible to 

By introducing Equations 14 and 15 into Equations 16 15 calculate the differences ( V1 - V . 3 ) and ( V . 2 - V04 ) as fol 
and 17 , we obtain the equations of the charges on the 
electrodes : 

ws : 

20 QC 
[ 18 ] ledes = a + be 

Il Qass = - am trip 
| Laura = až + bene 

11 osea = - až + beton 
. 

( Vol Vos = s [ v? V? – Y3V5 ) + 232 * QDA1 – Opas ) + 22 ] 
Si deseas – irias ) dt + Lai vi – 19Vzydt 

| Voz – Von = 8 \ v2V3 – yava ) + 2 ceny + DD82 – Opaa ) + 
| L ' inco2 – inisi ) dt + é? azV3 – 19 Vade 25 

It is furthermore assumed that the charge QDai ( t ) due to 
By combining the electrical and piezoelectric equations , 30 the lations . 30 the dielectric absorption can be approximated by a first 

that is to say by introducing the equations of the charges on order system . In Laplace space , this gives : 
the electrodes ( Equation 18 ) into the equation of the usable 
voltage Voi ( Equation 13 ) , we obtain : [ 23 ] Vi ( s ) = Q Dai ( s ) V ; ( s ) KDA 

Qdai ( s ) = ( 1 + TDais ) " 35 

R12 CrRu Vi + Ci ( R1 + R12 ) 
[ 19 ] 11 

gi ( R11 + R12 ) 

1 y R12 x 
la - + 

a 
+ O141 + Vidt + | ?? R ) Jo 

R32 Sun - 

where s is the Laplace variable , kdai is the static gain 
( which may be positive or negative in our case ) and This 
the time constant . Qifpai ( S ) is the transfer function which 

40 links the charge Qai ( s ) with the input voltage V ( s ) . 
Consequently , by virtue of all these equations , it is thus 

possible to deduce the equations of the observer , or estima 
tor . In particular , on the basis of Equation 22 , the x and y 
displacements are governed by the following equations : 

45 

C3 R31 
V2 + 

C ( R31 + R32 ) 
= 

( R31 + R32 ) 

11 X ot R32 

tale * B * + Opel + rou u Svi dit finde 
Mon se ka * 

* * * * * Cost Restaurat Sivs av + Sitused 
gros - recept talem + box + 2013 + 

Roken + Rx ) S \ vzde + Simande ) 

- 1 - Q - + 
Y 
- + ODA3 + . Vadt + 1 

Rf3 ( R31 + R32 ) Jo . 
283 di 

R22 CR en toe Va + 2 + - Q - + – + QDA2 + 
( R21 + R22 ) C3 ( R [ 24 ] V3 ) - Clyi Vi - Y3V3 ) - ( @ dai - pa3 ) - La Lg 

50 VA 
84 

R42 
( R41 + R42 ) " 4 

C , R?I V4 + C4 ( R41 + R42 ) " - - + B - + 
Cosa – vias ) dt = fav? – 13 Vyd 

v = 2 L ( V . 2 - Vod ) – ClyaVz - yava ) – ( Opa2 – Opas ) – 
| Schwarz – visht - L ' asv > avayer ] Poun + Recent Sva dt + finister ) 

55 
Assuming the following equations : 

C = C = C = C4 = C 
81 = 82 = 83 = 84 = g 

R ; 2 Cmi Ril 
( R ; 1 + Riz ) C ; ( R ; 1 + R ; 2 ) 

FIG . 5 shows a diagram of an overall electrical circuit 
associated with a piezoelectric actuator of the piezo tube 
type according to this embodiment . 

Specifically , this figure represents four circuit diagrams of 
60 the secondary functions FS ( E ) , FS ( E ) , FS ( EZ ) , FS ( EQ ) as 

illustrated in FIG . 4a , each respectively associated with the 
active potential electrodes E , , E2 , E2 , E , arranged on various 
sectors of the external wall 203 of the piezoelectric material 
201 forming the tube . 

65 Furthermore , each of these electrical circuits fulfilling 
said secondary functions FS ( E1 ) , FS ( E2 ) , FS ( E3 ) , FS ( E4 ) is 
connected in series with another electrical circuit which , for 

Riza | di = N ; = R foi ( Ri1 + R2 ) 
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its part , associated with a control unit , fulfills the second 4 . The micropositioning device of claim 1 , wherein the 
main function FP2 , in particular ensuring the acquisition , means for controlling the electric field and the means for 
processing and estimation of the x , y displacements , the simultaneously measuring the variation in the electric charge 
values x and y being the estimated values of the actual comprise at least one circuit for controlling the electric field 
displacements Xref and y rel : 5 applied to the piezoelectric actuator and for measuring the 

In order to simplify the diagrams illustrated here , the variation of charge accumulated on the active potential 
calculation of the estimated value of the z displacement is electrodes . 
not described , but is of course estimated in a similar way . 5 . The micropositioning device of claim 1 , wherein the 

FIG . 6 shows a detailed block diagram of an observer , or piezoelectric device , at rest , functions as a capacitor , the first 
estimator , according to this embodiment , by which the 10 capacitor and the first and second resistors are selected so 
mathematical operations carried out as described above that the ratio between the first and the second resistor is 
make it possible to measure at the output the x and y substantially equal to the ratio between the first capacitor 
displacements which are governed by Equation 24 . and the capacitor of the piezoelectric device at rest . 
Numerous modifications may be made to the particular 6 . The micropositioning device of claim 1 , wherein the 

embodiment described above without departing from the 15 first capacitor is selected so as to have a leakage resistance 
scope of the invention . of more than 100 Gohm . 

For instance , the number of electrodes may vary as a 7 . The micropositioning device of claim 1 , wherein the 
function of the number of measurements desired . first capacitor is selected so that at least 50 % of the voltage 

Furthermore , the electrical diagrams may differ without delivered by the voltage generator is found on the piezo 
departing from the scope of the invention , so long as the 20 electric device . 
electrical circuits are suitable for fulfilling the same func - 8 . The micropositioning device of claim 1 , wherein the 
tions and aim to achieve equivalent results . output of each charge amplifier is connected to an analog 

digital converter connected to a computer via galvanic 
The invention claimed is : isolation circuits ; the computer estimating the displacement 
1 . A micropositioning device for a piezoelectric actuator 25 of the actuator and / or the deformation of the materials 

that includes at least one piezoelectric material capable of and / or the applied force on the basis of the charge variation 
deforming when it is subjected to an electric field , the device received from the charge amplifiers and the voltages applied 
comprising : by the voltage generators . 
means for controlling an electric field applied to the 9 . The micropositioning device of claim 1 , wherein the 

piezoelectric actuator so as to deform the piezoelectric 30 piezoelectric device comprises at least three electrodes , 
material , and including at least one ground electrode and at least two 

means for simultaneously measuring a variation in elec active potential electrodes , the device comprising as many 
tric charge accumulated on the piezoelectric actuator as control and measurement means as active electrodes , con 
a result of the deformation ; and nected one by one , and the control and measurement means 

means for acquiring measurements of the electric charge 35 being connected to a single computer adapted to displace 
variation , for processing these acquisitions and for and measure the piezoelectric device in at least two dimen 
estimating a displacement ( x , y , z ) of the piezoelectric sions . 
actuator and / or an applied force on the basis of the 10 . A method for micropositioning at least one piezoelec 
measurement of the variation in electric charge accu - tric actuator that includes at least one piezoelectric material 
mulated on the piezoelectric actuator , wherein the 40 capable of deforming when it is subjected to an electric field 
means for controlling and the means for measuring and includes : 
further comprises : means for controlling an electric field applied to the 
a voltage generator connected in parallel to a divider piezoelectric actuator so as to deform the piezoelectric 

bridge being composed of a first resistor and a material , and 
second resistor in series , and to a first capacitor 45 means for simultaneously measuring a variation in elec 
connected in series with the piezoelectric actuator , tric charge accumulated on the piezoelectric actuator as 

a charge amplifier having a first input connected to a a result of the deformation ; and 
node between the two resistors , forming a virtual means for acquiring measurements of the electric charge 
ground at floating high potential , and a second input variation , for processing these acquisitions and for 
connected to a node between the first capacitor and 50 estimating a displacement ( x , y , z ) of the piezoelectric 
the piezoelectric actuator , actuator and / or an applied force on the basis of the 

wherein the charge amplifier comprises an operational measurement of the variation in electric charge accu 
amplifier and a second capacitor connected between the mulated on the piezoelectric actuator , wherein the 
second input and the output of the operational amplifier means for controlling and the means for measuring 
and the control and measurement means comprises a 55 further includes : 
circuit for resetting to zero the charges present on the a voltage generator connected in parallel to a divider 
second capacitor . bridge being composed of a first resistor and a 

2 . The micropositioning device of claim 1 , wherein the second resistor in series , and to a first capacitor 
piezoelectric actuator comprises at least three electrodes , connected in series with the piezoelectric actuator , 
including at least one ground electrode and at least two 60 a charge amplifier having a first input connected to a 
active potential electrodes . node between the two resistors , forming a virtual 

3 . The micropositioning device of claim 2 , wherein the ground at floating high potential , and a second input 
piezoelectric actuator is a piezo tube comprising the piezo connected to a node between the first capacitor and 
electric material forming the tube , the ground electrode is the piezoelectric actuator , 
arranged on an internal wall of the tube and at least two 65 wherein the charge amplifier comprises an operational 
active potential electrodes are arranged on an external wall amplifier and a second capacitor connected between the 
of the tube . second input and the output of the operational amplifier 



14 
US 9 , 791 , 491 B2 

13 
and the control and measurement means comprises a 
circuit for resetting to zero the charges present on the 
second capacitor , comprising the following steps : 

controlling , by the control means , the piezoelectric actua 
tor by applying an electric field to the piezoelectric 5 
actuator so as to deform the piezoelectric material ; and 

simultaneously measuring , by simultaneous measurement 
means , a variation in electric charge accumulated on 
the piezoelectric actuator as a result of the deformation 
wherein at least one step includes acquiring the mea - 10 
surements of the electric charge variation , processing 
these acquisitions and of estimating ( i ) a displacement 
( x , y , z ) of the piezoelectric actuator and / or ( ii ) an 
applied force on the basis of the measurement of the 
variation in electric charge accumulated on the piezo - 15 
electric actuator . 

* * * * * 


