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BUGNION S_A_ Power circuit for traveling or standing wave p1eZo-electr1c 
10’ ROUTE DE FLORISS ANT motors comprising a series resonant circuit, a switching 
Case Postale 375 element (T1) in parallel with the capacitor C of the resonant 
Geneva CH_1211 (CH) circuit and a switching element control (O) ensuring the 

cyclic closure thereof at a frequency close to the resonant 
(21) APPL N0. 09 /730’905 frequency of the resonant circuit. The power circuit includes 

a transformer (Tr) whose primary constitutes the inductance 
(22) Filed; Dec_ 6, 2000 of the resonant circuit and whose secondary is linked to the 

piezoelectric eXciter, this transformer exhibiting a small 
(30) Foreign Application Priority Data magnetic inductance at the primary. An advantage of this 

power supply is in particular the almost-Zero heating of the 
Dec. 9, 1999 (FR) .......................................... .. 99 15550 switching element and low current consumption. 
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POWER CIRCUIT FOR PIEZO-ELECTRIC 
MOTOR 

BACKGROUND OF THE INVENTION 

[0001] The subject of the invention is a power circuit for 
traveling or standing Wave pieZo-electric motors comprising 
a voltage source poWering a circuit consisting of an induc 
tance in series With, on the one hand, a capacitor and, on the 
other hand, a single switching element in parallel With the 
capacitor, and a means of control of the switching element 
ensuring the cyclic closure thereof at a frequency close to the 
resonant frequency of the pieZo-electric elernent. 

[0002] A great many assernblies have been proposed for 
the poWering and control of the pieZo-electric eXciters 
intended to poWer traveling Wave or standing Wave rnotors. 

PRIOR ART 

[0003] US. Pat. No. 4,339,682, the content of Which is 
incorporated by reference and No. 4,562,374, the content of 
Which is incorporated by reference, thus propose the use of 
tWo AC current sources 90° out of phase. 

[0004] In US. Pat. No. 4,510,411, the content of Which is 
incorporated by reference, the supply voltages poWering the 
tWo channels of a traveling Wave pieZo-electric rnotor are 
obtained at the output of arnpli?er assernblies comprising a 
large number of controlled breakers required for poWering 
the tWo channels. PoWer circuits of the same type are used 
in the control circuits according to US. Pat. No. 5,021,700, 
the content of Which is incorporated by reference, and No. 
5,130,619, the content of Which is incorporated by reference. 
The large number of controlled breakers Will also be noted 
in both these documents. Such is the case likewise for the 
control device according, to US. Pat. No. 5,626,246, the 
content of Which is incorporated by reference, Which addi 
tionally uses tWo transforrners. The poWer supplies sold 
under the trademark SHINSEI for poWering USR30, USR45 
and USR60 type rnotors thus comprise one transformer and 
tWo MOS transistors per channel. The transistors rnust 
sWitch the current under a relatively large voltage and they 
are consequently mounted on a heat sink so as to limit their 

heatup. 

[0005] In a very sirnpli?ed poWer supply With transforrner, 
described in US. patent application No. 5,886,483, the 
content of Which is incorporated by reference, use is made 
of a single switching element for the tWo supply channels of 
the motor, but this arrangement requires the use of an 
additional primary winding, With diode, for dernagnetiZing 
the magnetic circuit, according to the so-called “forWard” 
assernbly. These circuits also include the particular feature 
of grouping the tWo channels onto the same transformer with 
tWo secondaries, While using a quadripole on one of the 
secondary circuits to bring about the sought-after 90° phase 
shift. As in the circuits cited above, the transistor constitut 
ing the breaker does not sWitch either at Zero current, or at 
Zero voltage, thus causing it to heat up, this heating up 
making it necessary to remove the heat produced. If one 
Wishes to use this “forWard” assernbly While irnposing as is 
generally the case, a 90° phase shift on the basis of the 
control signals, tWo separate supply channels are necessary, 
With tWo separate transforrners, each comprising at the 
primary a main coil linked to each switching element and a 
dernagnetiZation coil intended to prevent the appearance of 
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a DC component of high value, Which Would cause a 
degradation in the operation of the poWer supply circuit. In 
all cases, the dernagnetiZation coil cornprises as many turns 
as the main coil, this representing a bulk and an expense 
Which one Would prefer to avoid. 

[0006] In US. Pat. No. 5,179,311, the content of Which is 
incorporated by reference, there is described a poWer supply 
circuit in Which a high cyclic voltage is generated by means 
of a resonance-type converter. The general principle of the 
resonance-type poWer supply is described, for example, in 
the Work “POWER-ELECTRONICS” Converters, Applica 
tions and Design published by John Wiley & Sons, Inc. 
second edition, by Mohan, Undeland and Robbins, page 271 
to 273. On looking at FIG. 2 of US. Pat. No. 5,179,311, it 
is observed, in a sirnpli?ed manner, by considering the 
frequency of the pieZo-electric eXciter, that this involves the 
poWering, across a coil of inductance LO, of a load R 
mounted in parallel With a capacitor of capacitance CO and 
a switching element driven at a frequency close to the 
resonant frequency of the LO/CO circuit. In order to obtain 
a near-sinusoidal voltage of sufficient arnplitude (FIG. 4), a 
second inductance is added in series With the load and the 
resonant nature of the poWer supply is maintained by a 
capacitor in parallel With the sWitching transistor. The high 
value of the voltages to be applied to each channel and the 
desire to approximate to a sinusoidal voltage at output, in 
practice certainly necessitate high inductances and hence the 
use of ferrite-core coils. Under these conditions, tWo coils 
turn out to be at least as bulky and expensive as a tWo 
Winding, transforrner Which, as is knoWn, has the advantage 
of (often very useful) galvanic isolation between primary 
and secondary. 

[0007] One might ask oneself Why use has not been made 
of a transformer in such a resonance-type poWer supply, 
either by Suganurna (US. Pat. No. 5,179,311), or by other 
inventors. On the contrary, it is observed that Suganurna, 
Who in spite of everything reverts to the use of a transformer 
in the later US. Pat. No. 5,625,246, seems to have aban 
doned the inserting of this transforrner into a resonance-type 
structure and returns to the conventional assemblies of the 
prior art. 

[0008] The reasons appear to be the folloWing: 

[0009] If the primary of a transformer is Wired in parallel 
With the breaker (transistor), the sought-after galvanic iso 
lation is indeed obtained but once again With the need for an 
additional dernagnetiZation coil since the primary of the 
transformer is subjected to a large DC component. This 
solution therefore eXhibits no econornic advantage. 

[0010] Using the primary of a transformer as inductance of 
the resonant circuit also came to mind. Such a solution is 
represented diagrarnrnatically in FIG. 1 of the appended 
draWing Where L denotes the primary of the transformer. Tr 
the breaker. What happens in such a circuit? It is knoWn that 
at the primary a normally siZed transforrner absorbs a small, 
or even negligible no-load current relative to the current 
absorbed at the primary When the secondary is poWering a 
load. As a ?rst approximation, the primary current is pro 
portional to the secondary current, With a factor equal to the 
ratio of the number of turns (N1.I1=N2.I2). By virtue of a 
knoWn property of impedance matching, the impedance seen 
from the primary is that of the load divided by the square of 
the transformation ratio N2/N 1. The ohrnrnic load R of the 
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transformer is thus referred to the primary. This load repre 
sents an equivalent resistance of smaller value if the trans 
former is voltage boosting. This equivalent resistance Will 
short-circuit the primary inductance of the transformer, so 
that the manner of operation of the circuit is no longer at all 
that of a resonance-type poWer supply, as is represented in 
FIG. 2 of the appended drawing. It Would therefore seem not 
to be possible to adopt such a structure. 

SUMMARY OF THE INVENTION 

[0011] In spite of contrary teachings, the purpose of the 
invention is to produce a resonance-type poWer supply using 
a simple transformer in such a Way as to ensure galvanic 
isolation of the motor With respect to the remainder of the 
poWer supply circuit, but retaining its resonant nature. 

[0012] The poWer supply circuit according to the inven 
tion is one Which comprises a transformer Whose primary 
constitutes the inductance and Whose secondary is linked to 
the pieZo-electric exciter, this transformer exhibiting a small 
magnetic inductance at the primary, Wherein the extra cur 
rent absorbed at full load is alWays less than the total current 
absorbed off load, and Wherein the siZing of this inductance 
and the choice of the capacitor are determined in such a Way 
as to obtain sWitching in the vicinity of the voltage Zero for 
the Working frequency of the circuit. 

[0013] Certainly, US. Pat. No. 5,140,231, the content of 
Which is incorporated by reference, discloses the poWering 
of a pieZo-electric motor by means of tWo transformers and 
eight sWitching transistors, that is to say four transistors per 
channel, according to a conventional con?guration. 

[0014] HoWever, the purpose of this poWer supply is very 
different: it involves being able to poWer, under the best 
ef?ciency conditions, a motor connected to a loW-voltage 
source such as an electric battery, While alloWing control of 
speed over a broad range, Whereas the circuit according to 
the invention uses just a single active component per chan 
nel and provides for just a single operating point of the 
motor. The inventor of the poWer supply according to the 
document US. Pat. No. 5,140,231 is not concerned With the 
number of sWitching components. 

[0015] Unlike in the case of standard transformers, the 
magnetiZing current, in the circuit according to the inven 
tion, is greater than the transformation current imposed by 
the load referred to the primary. 

[0016] A free Wheel diode, that is to say one Which is 
reverse-mounted, Will generally be mounted in parallel With 
the sWitching element, but as Will be seen hereinbeloW, it is 
possible to dispense With such a diode. Furthermore, if the 
sWitching element is a MOS transistor, the intrinsic PN 
junction seen betWeen source and drain may suffice to 
replace the free Wheel diode. Likewise, the intrinsic CDS 
capacitance of the transistor, as seen betWeen source and 
drain, may suffice to replace the capacitor. 

[0017] Since the sWitching of the transistor takes place at 
Zero or almost-Zero voltage, the transistor hardly heats up at 
all. Advantageously, a large gap is made in the magnetic 
circuit of the transformer. This gap is here intended to very 
substantially decrease the magnetiZing inductance Lm of the 
transformer, this having the effect of increasing its magne 
tiZing current Io. It folloWs that, unlike in the case of the 
normal siZing of transformers, the magnetiZing current is 
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here of the order, or even much greater, than the transfor 
mation current imposed by the load referred to the primary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The appended draWing represents, by Way of 
example, one embodiment of the invention. 

[0019] FIG. 3 represents the general diagram of a poWer 
supply circuit for one of the channels of a pieZo-electric 
motor. 

[0020] FIG. 4 is the recording of the voltages across the 
terminals of the transistors of a tWo-channel poWer supply of 
an exemplary embodiment for a supply frequency above the 
resonant frequency. 

[0021] FIG. 5 is the recording of the same voltages for a 
frequency close to the resonant frequency. 

[0022] FIG. 6 is the recording of the currents in a channel. 

DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT(S) 

[0023] The circuit is poWered by a DC voltage source U. 
The resonant circuit consists of the primary of a transformer 
Tr and of a capacitor C. The sWitching element consists of 
a transistor T1 of MOS type Whose drain is linked to the 
common point of the capacitor and of the primary of the 
transformer and Whose source is linked to the negative point 
of the DC current source U. The gate of T1 is linked to an 
oscillator O applying a cyclic control voltage of frequency 
f to the transistor T1. The secondary of the transformer Tr is 
linked to the terminals of a pieZo-electric exciter P of the 
motor. Aso-called free Wheel diode D is reverse-mounted in 
parallel With the transistor T1 and With the capacitor C. 

[0024] The transformer Tr exhibits a structure With a 
ferrite half-core. An accurate gap is obtained by placing a 
sheet of a nonmagnetic material such as paper or Mylar 
(registered trademark) betWeen the cores When assembling 
the transformer. 

[0025] When the load P is not Wired to the terminals of the 
secondary of the transformer, the resonant nature of the 
assembly is completely determined by the value C of the 
capacitor and the magnetiZing inductance Lm of the trans 
former. By reason of the loW magnetiZing inductance of the 
transformer, the resonant nature remains largely dominated 
by these values When the secondary poWers the load P. Thus, 
even under load, the diagram equivalent to the diagram of 
FIG. 3 remains, as a ?rst approximation, that of FIG. 1. 

[0026] Parameters are set in particular through the choice 
of the gap and/or that of C, such that the frequency of the 
series circuit Lm/C is slightly beloW the driving frequency 
of the pieZoelectric element. For stability reasons, explained 
in the cited prior art, the driving frequency is itself slightly 
greater than the frequency of electromechanical resonance 
of the motor. 

[0027] The poWer supply to the second channel of the 
motor is produced in the same Way. 

[0028] For a better understanding of hoW it is possible, by 
calculation, simulation or trials, to optimiZe the Waveform, 
reference is made to FIG. 4 Which represents the readouts of 
the voltages UDS across the terminals of a tWo-channel 
poWer supply. The control voltages for the sWitching ele 
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ment are here 90° out of phase, Channel 1, A powers an 
exciter P, While the other channel 2, B is off-load. 

[0029] A?rst recording A, B is made at a supply frequency 
above the resonant frequency of the exciter P. The latter 
therefore absorbs only very little current and the tWo chan 
nels are identical. The horiZontal plateaux correspond to the 
conduction times of the transistors. As is knoWn from the 
literature, at the moment When a transistor ceases to conduct, 
the current crossing it noW passes through the capacitor 
Which experiences a rise in its voltage, the slope of Which is 
all the larger the larger Was this current. 

[0030] For the second recording 1, 2, the supply frequency 
has been brought close to the resonant frequency of the 
exciter P. It is very clearly apparent that this has no conse 
quence for the voltage UDS2, that is to say the voltage of the 
channel Whose secondary is off-load, While the voltage 
UDS1 of the channel for Which the secondary is under load, 
increases more rapidly due to the impact of the transforma 
tion current Which, although small, is added to the current of 
the inductance Lm. It is also apparent that the sWitching of 
T1 to open is more favorable than that of T2: hence, smaller 
voltage is accompanied by smaller losses. 

[0031] The best ef?ciency is obtained When the sWitching 
of the transistor occurs at the voltage Zero. This optimiZed 
manner of operation is represented in FIG. 5. He recorded 
voltages are the voltage UDS1 and the voltage U1 across the 
terminals of the primary of the transformer for the nominal 
supply frequency. It is apparent that U1 does not actually 
exhibit any DC component. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0032] The recording represented in FIG. 6 shoWs the 
voltage UDS across the terminals of the poWer supply, the 
current IDS in the poWer supply, that is to say the current 
crossing the transistor, and the current in the capacitor C. 
This recording shoWs that here it Would be judicious to 
decrease the slope at the origin of the voltage UDS and 
hence the horiZontal plateau, so as to approximate a sinusoid 
even more closely. It is possible to act as one pleases on C, 
by increasing it, or on Lm, by altering the number of turns 
of the transformer or altering the gap. 

[0033] The horiZontal plateau of UDS is longer than the 
simple controlled conduction time of the transistor, demar 
cated by the tWo vertical cursors Cu1 and Cu2. There is a 
phase during Which UDS is in fact equal to —0.6 V: it is the 
diode D Which then ensures conduction. If the temporal 
siZing has been done properly, this phase does not occur and 
D is unnecessary, If T1 is a MOS transistor, its intrinsic 
diode suf?ces to play this role. FIG. 6 also illustrates that it 
Would have been bene?cial also to decrease the controlled 
conduction time of the transistor, so as to approximate to a 
sinusoidal voltage even more closely. For a given frequency, 
this decrease must be accompanied by an increase in the 
natural period of the resonant circuit Lm, C, if one Wishes to 
retain sWitching at the voltage Zero. 

[0034] The superposition of the current IC in the capacitor 
C and of the current IDS in the transistor gives the current 
in the transformer, a sinusoidal shape. In fact, the latter 
possesses a DC component, the product of Which, With the 
supply voltage, gives the poWer transmitted, to Within loss 
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limits of the load. HoWever, this value is small relative to the 
AC component and moreover, due to the gap, the trans 
former does not Work in a saturation Zone. The demagneti 
Zation coil of a “forWard” structure is therefore completely 
unnecessary. 

[0035] It is apparent that the resonance-type poWer supply 
uses only a small current in relation to the current crossing 
the components. 

[0036] In the assembly used, the magnetiZing current I0 is 
more than eight times greater than the values encountered in 
a conventional transformer. 

[0037] Although one might have expected that the circuit 
according to the invention Would be penaliZed by the How 
through the components of a resonant current greater, or 
even much greater, than the useful current, in fact quite the 
contrary occurs in the assemblies investigated. Since here 
the sWitching losses are almost Zero and the MOS compo 
nents exhibit good conduction performance, it is unneces 
sary to resort to the sinks mounted on conventional half 
bridge MOS assemblies intended for poWering the same 
motors. The efficiency of the supply is excellent, this not 
being the least of its advantages. 

[0038] Finally, it should be noted that the structure accord 
ing to the invention using a transformer of loW primary 
magnetiZing inductance goes together Well With a very 
strongly voltage-boosting assembly, as in the case of a 
standalone system connected to a feW battery elements. 
Such a system requires a very dish ratio for the number of 
turns, Which realistically leads to a small number of turns at 
the primary, this tending to lead to loW magnetiZing induc 
tance. In this case, the gap is unnecessary, or even prejudi 
cial to a good assembly quality factor. 

[0039] Multiple variations and modi?cations are possible 
in the embodiments of the invention described here, 
Although certain illustrative embodiments of the invention 
have been shoWn and described here, a Wide range of 
modi?cations, changes, and substitutions is contemplated in 
the foregoing disclosure. In some instances, some features of 
the present invention may be employed Without a corre 
sponding use of the other features. Accordingly, it is appro 
priate that the foregoing description be construed broadly 
and understood as being given by Way of illustration and 
example only, the spirit and scope of the invention being 
limited only by the appended claims. 

What is claimed: 
1. A poWer circuit for a resonant pieZo-electric motor or 

actuator channel comprising a voltage source poWering a 
circuit consisting of an inductance in series With, on the one 
hand, a capacitor (C) and, on the other hand, a single 
sWitching element (t1) in parallel With the capacitor, and a 
means of control (O) of the sWitching element ensuring the 
cyclic closure thereof at a frequency close to the resonant 
frequency of the pieZo-electric element Wherein the poWer 
circuit comprises a transformer (Tr) Whose primary consti 
tutes the inductance and Whose secondary is linked to the 
pieZo-electric exciter, this transformer exhibiting a small 
magnetic inductance at the primary, Wherein the extra cur 
rent absorbed at full load is alWays less than the no-load 
current, and Wherein the siZing of this inductance and the 
choice of the capacitor are determined in such a Way as to 
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obtain switching in the vicinity of the voltage Zero for the 
Working frequency of the circuit. 

2. The power circuit as claimed in claim 1, Wherein it 
comprises a free Wheel diode (D) in parallel With the 
sWitching element. 

3. The poWer circuit as claimed in claim 1, Wherein the 
transformer is furnished With a gap. 

4. The poWer circuit as claimed in claim 2, Wherein the 
transformer is furnished With a gap. 

5. The poWer circuit as claimed in claim 2, in Which the 
breaker consists of a MOS transistor, Wherein the free Wheel 
diode is constituted by the intrinsic PN junction betWeen the 
source and the drain of the transistor. 

6. The poWer circuit as claimed in claim 1, in Which the 
breaker consists of a MOS transistor, Wherein the capacitor 
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is constituted by the intrinsic capacitance of the MOS 
transistor. 

7. The poWer circuit as claimed in claim 2, in Which the 
breaker consists of a MOS transistor, Wherein the capacitor 
is constituted by the intrinsic capacitance of the MOS 
transistor. 

8. The poWer circuit as claimed in claim 3, in Which the 
breaker consists of a MOS transistor, Wherein the capacitor 
is constituted by the intrinsic capacitance of the MOS 
transistor. 

9. The poWer circuit as claimed in claim 4, in Which the 
breaker consists of a MOS transistor, Wherein the capacitor 
is constituted by the intrinsic capacitance of the MOS 
transistor. 


