1 L ‘ﬂ"BIEZCELECTRIC MOTOR HAVI NG AN ARRANGE P—AHCH
PROVI DES | NFORVMATI ON RELATI VE TO THE ROTOR ITﬂlﬂﬁPA qﬁ-ﬁél
ROGTOR S NUMBER OF REVOLUTI ONS The present i vent i Bﬁ@&ﬁ@ern

pi ezoel ectric

| east the fir
‘waves which se
first el enent
portion of sai
portion of th
two el ements i
pi ezoel ectric
alternating vo
for exanple, u
nmeasures, the
of the rotor.
addi tional arr
rotor position

notor having two elenents formng a stator and a rotor, at
st of said elements haviing neans for generating vibrator
t at least an active portion of an active region of the
into c C|IC nDtlon and thl% cycllc nDtlon of the actlve

d firs

effe

e second pa I RMAT 9.4 tR en these
s bro haut 2 |.s._based onLt egreC|procaI

mp

C.QM

an

| t age and a stator is set into a nechanical vi bration at an,

| tras ggﬁquxe §¥°Ha¥8 of a proE%%%%F coqetructlona

vi bra |o sta
hagimgt Gwo @fletnhetarforlangam stasmranﬁ]@srdtmiawmrléﬁst

RGNS PEBES dal d RO dMEWE S1eHa$9nES ricardl | B8t GplbAIN

vibrator waves which set at least.an active portion of an
active region of the first element into cyclic motion, and
this cyclic motion of the active portion of said first
element having an effect on at least a passive. portion of
the second element, so that a relative movement between
these two elements is brought about.

Such a motor is.based on the reciprocal piezoelectric

reffect. With this, a piezoelectric excitor is excited by

an alternating voltage and a stator is set into a

mechanical vibration at an, for example, wultrasonic .

- frequency. By way .of appropriate constructional measures,
- the vibration of the stator allows for a: rotational

movement. of the rotor.  As motors of the art have an
asynchronous beha&iour; an additional arrangement needs to
be provided so as to allow to obtain the rotor position
and its number of revolutions (revs).

From the document EP 505 848 a piezoelectric motor is
known having a stator provided with a fixedly attached

\ly manner. The rotor is provided with a brushing
ﬂ.;:ng the rotor position and its revs is available

to this motor. _
Fxperience with the operation of such arrangements

‘-§e shown, despite fundamental functional ability, that

"its mechanical friction reduces the life-time of the

entire motor and also considerably increases the
manufacturing costs. Furthermore, in particular for small
motors, the additional place which is needed and the
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and its nunber of revolutions (revs). From t he docunent EP
pi ezoel ectric notor having a stator provided with a fiR
printed circuit having contact extending in a radially
The rotor is provided with a brushing armgyso that by
arrangenent information concerning the rotor position and its revs is
avai l abl e exterior to this notor. Experience wth the operation of
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revs. Forreveh a solutlon too, the cost and the additional el
_ | ( enents in
the motor and the thgeewhth assetiigiefl too, the cost and the additional

elements in the motor and the therewith associated

manufacturing costs are .considerable. Also, this

. arrangement leads.to an increase of the motor dimensions,
in particular for small motors, as well as a reduction of
the operation effectiveness through the additional energy.
consumption needed to supply lightbeams.

The invention therefore, has as object to provide a
piezoelectric motor having an arrangement which provides

" reliable information relative to the rotor position and/or
its revs, . thereby avbiding notable friction and thus
allowing a long life-time, avoiding large motor
dimensions, réquiring a minimal additional energy
consumption and being simple and cheap to manufacture.

The inventive solution for this object is obtained by
the features of claim 1.

Thanks to the inventive .solution, information
relative to the rotor position as well as the rotor revs
may be obtained directly and reliably by way of the
voltage supply contacts of the motor. For arriving at this
goal, the motor does not need any additional elements, so
that the life-time of the motor will not be negatively
influenced, and its dimensions remain unchanged. Only
simple minor changes to the rotor as well as to the
voltage-supply arrangement are needed.

According to a preferred embodiment, the rotor may

~ have for . example regions having slits with circular
segments, which, when considered 1locally, are
characterised by a different value of the acoustic
impedance, than is the case for solid material regions. In
this way, during operation at least one electrical
variable of the voltage-supply.changes, which functions as
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manuf acturing costs are considerable. Al so, this arrangenent |eads to an

I ncrease of the notor dinensions, in particular for small notors, as well
as :a reduction of the operation effectiveness through the additional energy
consunption needed to supply |ightbeanms. An5 object of the present
invention is to provide a piezoelectric notor having an arrangenent which
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way, during operation, at |east, one €lectrical varia
vol t age- suppl y BRBnYR3IOHR; Reriedigal phanging course of the frequency as.

being a changement of the position of the rotor relatiwve
to the stator. This supply and measuring'arrangement is of
a simple construction and requires only minor additional
costs.
In .a. second advantageous solution, the piezoelectric
motor provides an operation frequency, which during
- operation, also has - a temporal non uniform periodic
changing course due to the slits; and which is measured by
the supply and measuring arrangement which interprets this
as a changing rotor position and/or rotor revs. This
solution allows for a favourable operation relative to the
operational effectiveness. and also has a very low cost.
The invention is described hereafter by way of
several embodiments, thereby referring to the attached
drawings in which : . ..

' - Figure 1. shows a first embodimeﬁt of a
piezoelectric motor having a rotor which is  cut
ortogonally to the axis of rotation,

- - figure 2a shows a top view of a second embodiment
of the rotor cut along the line IIa-IIa of figure 2b;

- = figure 2b shows a cross-section of a second
embodiment of a rotor according to the line IIb-IIb .of.
figure 2a; '

- figure 3 shows the block diagram of a first
supply and measuring arrangement.

Figure 1 shows the first embodiment. of the
piezoelectric motor 10 which will not be described in full



3° acarrier of position and/or of revs information. The provided slits
do not require any additional manufacturing costs, as they may be obtained,
faor exanple, sinultaneously with the rotor during the injection noulding

t her eof . A first advantageous vol tage, supply and neasuring arrangenent
controls the frequency according to a constant, preferably zero, phase
bet ween the supply voltage and the supply current and interprets.the
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The piezoelectric motor 10 is fixedly attached to a
circular base plate 11. In its centre, an axis of rotation
12 is defined, which will be used hereinafter as reference
axis.

A flat formed stator 13 is rigidly fixed to the base
plate 11 and consists in principal of a resonance plate 14
to which is fixedly held, for example glued, a circular
piezoceramic excitor 15 of which the electric supply
connections are not shown. The excitor 15 may be
manufactured of a ceramic material. Resonance plate .14 - -
includes a circular region. 16 which is covered by excitor
15 and from which three resonance wings 17a, 17b, 17c¢
extend outwardly thereby providing the stator with 'a
propeller look.

- On each of these . three resonance wings 1l1l7a=c is
formed an outwardly pointing chisel-shaped resonance-tooth
18a, 18b, 18c, which leads geometrically to a line, which
is parallel to axis of rotation 12. In reality, however,
the result is not really a line, but a small zone. Such
resonance teeth 18a-c are each provided with so-called ..
push-portions 19a, 1Sb, 19¢, which form a segment of a
cylinder jacket ‘relative to axis of rotation 12.

Against  these push-portions 19a-c lies a ring shaped
rotor 20, movably arranged on base plate 11, and having an
inner cylinder jacket shaped trailing surface 21. Trailing
surface 21, together with an exterior surface 22 which is
concentric to the rotor trailing surface, define a.rotor
width 23 which lies between  them.

Three identical slits 24a, 24b, 24c which traverse
rotor 20 and have a form of a circular section are
separated one from the other by three identical solid
material regions 25a, 25b, 25c. Slit 24b and solid
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4 detail hereinafter. onstructi onal det ails which are not directly
related to the |nveﬁﬂF§n24beﬁéWéﬁ@§ rotexd@0 locally into an inner thin

rotor region 26b and an outer rotor region 27b. Slit 24b
has a width 28b and inner rotor region 26b has a width 29b
which are measured along a radial direction. Slit 24b

extends along an angle 30b and solid material region:  25b
extends along an angle -31b,:both angles measuring 60°.

‘The function. of the in figure ‘1 shown inventive
piezoelectric motor 10 of which its piezoceramic excitor
15 is supplied with, for example, a sinusoidal voltage of
200 kHz, is the following. -

The ultrasound. vibrations . which are radially
transmitted outwardly by piezoceramic excitor 15 into the
resonance wings l7a-c¢ result in a cyclic, almost
elliptical movement of the three resonance teeth 18a-c and -
of their push-portions 1%a-¢ in a plane which is
orthogonal to axis of rotation 12. Due to: this movement,
rotor 20 is driven jerkily. For a more detailed
description of the driving principal of the here in fiéufe
1 shown piezoelectric motor 10, reference is made to the
above-mentioned document. EP 505 848, -although the number

"of resonance wings there is different. With the three
wings, however, a distinct driving effect is obtained.

The way in which resonance wings.l7a-c¢ respectively
resonance teeth 18a-c vibrate with their push-portions
1%a-c, depends, amongst other, on the construction, i.e.
on the constructional measures of the adjacent motor 20
which functions as a load. The vibrational behaviour of
motor 10 as a whole or also partly, as for example regions
of rotor 20, may be described by way of a physical
variable, the acoustical impedance.

Only one single value of the acoustic impedance at a
certain frequency or also the variation of the acoustic
impedance as a function of the frequency for a certain



to the first enbodi ment shown in figures 1 and 2 of the above-nentioned
docunent. EP 505 848. This applies for exanple for the stator. The
piezoelectric notor 10 is fixedly attached to a circular base plate 11. In
its centre, an axis of rotation 12 is defiged, which will be used

herei nafter as reference axis. A flat forned stator 13 is rigidly
fixed to the base plate 11 and consists in principal of a resonance plate
14 to which is fixedly held, for exanple glued, a circular piezoceranc
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graph of the acoustic impedance spectrum varies
continuously within the considered bandwidth, or shows
gaps or only consists of several distinct points.

As the piezoelectric motor 10 is supplied
electrically, from the point of view of the voltage supply
the motor seems to be an electric impedance describing its
behaviour as a load. As such, only one single value of the
electric impedance at a certain frequency need be
considered but also the variation of the electric
impedance as a function of the frequency within certain
bandwidth may be considered. In ‘the whole of ‘the -
description as well as the claims, the definition of the
electric impedance spectrum will be used for the variation
-0f the electric impedance as a function of the frequency,.
in analogue to the aboveQmentioned case for the acoustic
impedance spectrum. In- the following, the electric
impedance is considered from the point of view of the
-voltage supply source. _

There is a close relation between the acoustic and
the electric impedance. Changes of the acoustic impedance
spectrum influences the electric impedance spectrum. This
‘'relative relationship is -however not important for the
present invention. The inventive.solution relies on the
fact that the acoustic impedance spectrum is transferred
in an equi#alent manner to the electric impedance spectrum
which is measured by way of non shown motor connections.



Thiee identical slits 24a, 24b, 24c which traverse rotor 20 and have a form
of a circular section are separated one fromthe other by three identical
solid material regions 25a, 25b, 25c. Slit 24b and solid

material region 25b which are representatl e for all three slits 24a-c and
all three solid material regions 25a-c, be described hereinafter, in
whi ch the description is relative to aX|s of rotation 12. Slit 24b
divides rotor 20 locally into an inner thin rotor region 26b and an outer

rotor region 27b. ShhteR4D <888 RowkGéh, 2&@1@%&5@%@9&% &£0-8B026hohas
a wdth 29b which are neasured along a radigl direction. Slit 24b ex#ends
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ultrasound viviainbog anfli whiche aueiektjted directly by push-portions

.19a-c. Rotor 20 is provided with several successive
regions, .which when locally considered, are characterized.. .
by different acoustic impedance spectrum, so that also the
electric impedance spectrum of the entire motor 10 varies
depending on the relative position between stator 13 and
rotor 20. The rotor which is shown in document EP 505 848
is, however, completely rotationally symmetric, so that
the electric impedance spectrum does not vary depending on

. the rotor position. Variations of the electric impedance
spectrum, for a rotating rotor 20, may be determined-by a- -
simple measurement arrangement, which also ‘supplies .motor
10, and which interprets the rotor position and/or its
revs. Several possible supply and measuring arrangements.
will be described later. .

The acoustic impedance spectrum of vibrating elements -
depends fundamentally on their inertia, their elasticity
and on their . inner frictions. By way of .suitable
construction measures, these three values may be varied
specifically along the rotor trailing surface 21. The
inner friction losses are, however, to be kept as small as
.possible, so that the operation efficiency will not be
diminished. Therefore, only the varying values of the
inertia and elasticity along the rotor trailing surface.21
are to be considered. According to- figure 1, the slits
24a-c in rotor 20 produce thin inner rotor regions 26a-c
having a smaller width 29a-c, which are not as stiff
respectively elastic as the solid material regions 25a-c.
These different features result in a different electric
impedance spectrum. .The outer regions 27a-c provide fdr a
sufficient stability of rotor 20, without reducing the
desired specific vibration characteristics of the inner
regions 26a-c, which themselves are clearly



transmtted outwardly by piezoceram c excitor 15 into the resonance W ngs
17a-c result in a cyclic, alnost elliptical novenent of the three
resonance teeth 18a-c and of their push-portions 19a-c in a plane which is
orthogonal to axis of rotation 12. Due to tgis novenent, rotor 20 is
driven jerkily. For a nore detailed descri'ption of the driving principal
of the piezoelectric notor 10, reference is nade to the above-nentioned
docunment EP 505 848, although the nunber of resonance w ngs there is
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obt ai ned. e way i n which resonance wings.17a-c respectively
resonance teeth228ae vibrate with their push-portions 19a-c, depends,
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frequency for atbgrt_tghxfge push-portions 1l9%a-c. Theregore, aE aff three
push-portions 19a-c are subject to the same operation
conditions, the overlapping of their separate functioning
results in an amplified total. functioning, -i.e. in
conclusion during operation to a distinct variation- of the
values of the electrical impedance for the operation
frequency, respectively to a distinct variation of the
electric impedance spectrum. In the above case: this-
resolution is of one to three, i.e. for one rotation of
rotor 20 there occurs alternatively three times a first
and three times a second electric impedance spectrum. In
. other words, the electric impedance reaches, .at its
operation frequency, three times a maximum value -and three
times a minimum value. Therefore, by continuous counting
of these extreme values the revs or, starting from an
initial position, the position of the rotor may- be
obtained. The proposed resolution of one to three is
sufficient for most applications.

The outer rotor regions 27a-c provide rotor 20
substantially with a stability which it would have without
slits 24a-c.

Instead of the electric impedance spectrum; the
electric admittance spectrum may of course also be
considered, the latter being reciprocal with respect to
the first. Several local minima may be found along the
frequency scale of the electric impedance spectrum, which
are designated as modes. For each of these modes, a
specific deformation of resonance plate 14 occurs. For a
specific mode, a very distinct deformation may occur,
which however only acts in a radial or in an axial
direction, i.e. push-portions 19a-c only vibrate in a



ndwi dth is to be considered. In the whole of the text and the claims, the
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effic1ency, it is very important to choose the shape of
the resonance plate 14 in such a way that the frequency
scale which is in the immediate vicinity of the ground
mode does not contain any further local impedance minima.
Only that resonance having .the greatest .driving effect
should be chosen. All other modes, including. those

© asymmetrical ones relative to the three resonance wings
17a-c, will leadh.when using a pulse drive, to increased
losses, . which may be for modes of higher frequency .
extremely large. Furthermore, a preferably similar wvalue
of the acoustic impedance of excitor 15 and of resonance
plate 14 at a predetermined frequengy will have a positive
influence on the total operational efficiency. Thanks to
the inventive embodiment of stator 13, and in particular
of resonance plate 14, and of rotor 20 all mentioned

. requirements may be fulfilled.

' In general, all modes are characterized not only by
the local impedance minimum but also by .the zero phase-
crossing. While aiming to obtain a largest possible
operational efficiency, a minor phase shift caused by the
static capacity of excitor 15 may be compensated by way of
an additional parallel connected inductivity.

There are also modes which lead to a reversed sense
of rotation of rotor 20. ‘Therefore, by changing the
frequency of the supplied voltage, respectively. of the
lead signal 49, the sense of rotation of the motor may be



vol tage supply source. There is a close relation between the acoustic
and the electric inpedance. Changes of the acoustic inpedance spectrum
i nfluences the electric inpedance spectrum This relative relationship is
however not inportant for the present invg tion. The inventive solution
relies on the fact that the acoustic inpeddnce spectrumis transferred in
an equi val ent manner to the electric inpedance spectrum which is neasured

by way of non shown notor connecti ons.
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specifically discussed.

Rotor 20' having a width 23' and a rotor trailing

surface 21 only contains' - one -slit 24 and, -

" correspondingly, only one solid material region 25'. Slit
24' also traverses rotor 20' as can be seen in figure 2b,
and this along an angle of 20°, referenced by numeral 30
and thus locally divides rotor 20, into an inner rotor
region 26' and an outer rotor region 27'. Rotor region 26*' .
which exténds .along slits 24' on the inner side of the
rotor has a width 29' which, when measured -in a radial
direction, is clearly smaller when compared to width 29a-c
of the first-émbodiment. The solid material region 25°'
extends along an angle 31' of 340°.

The functioning of a piezoelectric motor 10 having a-
rotor 20' as shown in figure 2a and 2b differs from the
one shown in figure 1 as follows. '

As rotor 20' only has one slit 24', at the most only
one of the push-portions 19¢ will be in the vicinity of
slit 24'. The influence of this slit 24' on the acoustic
as.well as on the electric impedance spectrum will thus be
smaller than with the piezoelectric motor 10 of figure 1.
for which all three push-portions 1%a-c always vibrate
under the same circumstances. However, in the case
according to figure 2, the influence of this one slit 24°
may be increased thanks to the thinner part of inner rotor
region 26', i.e. thanks to the smaller width 29'. Under
these circumstances, slit 24' may even be of a smaller
construction, i.e. the angle 30' may be, for example -
compared to angle 30a-c of figure 1 only 20°. Decisive is
that thus two sufficiently different electric impedances
are obtained. By using rotor 20', or a similar rotor, the .



rotor 20. The rotor which is shown in docunent EP 505 .848 is, however,
conpletely rotationally symetric, so that the electric inpedance spectrum
qus not vary depending on the rotor position. Variations of the electric

i npedance spectrum for a rotating rotor 20, may be determined by a

si npl e measurenent arrangement, which als upplies notor 10, and which
interprets the rotor position and/or its revs. Several possible supply and
measuring arrangenments will be described |ater. The acoustic i npedance
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(VCO), is realised by way of a voltage controller which is
referenced by 40 and which is connected at its output side
to piezoelectric motor 10. In series to this is comnnected
current measuring-unit 41 and parallel to. this a voltage
measuring-unit 42 is provided. - Each . unit 41 and 42
delivers a measuring signal 43 and 44 respectively. which
are lead to a phase measuring-unit 45. At the output side
of this phase measuring-unit 45, a feedback . signal 46.
leads, via an amplifier 47, to a comparator- 48. Comparator
48 has-a further input signal which is -a leading signal
_49. At the output side of comparator 48, a control
deviation signal 50 is defined which leads to the inpuﬁ of
controller 40. '

Such a voltage and measuring arrangement controls the
frequency of the alternating voltage so -that the voltage
and the current are always in phase. VCO controller 40
receives from comparator 48 the leading signal 49 as a
direct current signal which has a certain peak ‘level, and
provides on its output side the sinusoidal alternating
voltage of a determined fréquency to piezoeleétric motor
10. Here, current measuring-unit 41 measures the momentary
value of the current and voltage measuring-unit 42
measures the momentary value of the voltage. Both units
provide a proportional measuring signal 43 respectively 44
to phase measuring-unit 45, which determines the phase
difference between the signals and which then provides an
equivalent feedback signal 46 via amplifier 47 to



8 ~ distinguishable fromthose of the solid material regions 25a-c. As
the slits 24a-c and the solid material regions 25a-c extend al ong an angle
30a-c, respectively 3la-c of 60[err], either all three slits 24a-c or al
three solid material regions 25a-c are in ﬁ?e i medi ate vicinity of the
three push-portions 19a-c. Therefore, as all three push-portions 19a-c are
subject to the same operation conditions, the overlapping of their separate
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current, 1.e. the frequency of the sinusoidal voltage
supply varies periodically during operation of motor 10.
In other words, the influence of slits 24a-c, respectively
24' on the frequency of the local impedance minima.and of
the phase zero-crossing is thus complied.with, provided
that the operation frequency always follows the periodic
‘deviation of the ground mode along .the frequency scale, so
that the optimal -operation: point is maintained. The
‘periodic changing of the frequency during the operation of
motor 10 caused by the slits 24a-c,; “respectively 24' and
which allows to determine the rotor position and/or its
number of revolutions, can be measured for example in the
following three ways. '

The direct voltage signal 50 is ‘compared in a
comparator to an applied reference direct voltage sigﬁal.
The difference between these two voltages determines the
deviation of the frequency of the supply voltage with
respect to a reference frequency.

The second possibility consists in providing a time
measuring arrangement, which measures the time difference
between zero-crossings of the alternating supply voltage -
and thus allows to determine the momentary frequency.

In a third possibility, the number of zero- crossings
during a certain interval of time are counted. This
variant is advéntageous when incorporated in a quartz
clock, because here the quartz frequency of 32 kHz .allows
in a simple manner to obtain a time interval of several
milli-seconds. The corresponding circuit may easily be
constructed and is robust.



sufficient for nost applications. The outer rotor regions 27a-c provide
rotor 20 substantially with a stability which it would have without slits

24a- c. Instead of the electric inpedance spectrum the electric
adm ttance spectrum may of course also be considered, the latter being
reciprocal with respect to the first. Several |ocal mnim nmay be found
along the frequency scale of the electric inpedance spectrum which are
desi gnat ed as nodes. For each of these nodes, a specific deformation of
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A second voltage supply and measuring arrangement
corfesponds to a control system with an open loop. It
supplies motor 10 with an alternating voltage of a fixed

. frequency and measures the current fluctuations caused by
the changing acoustic impedance of rotor. 20, respectively
20'. This solution is suitable in particular for cases
with a constant load. In principal it is also possible to
supply the motor with a constant alternating current and
to register the voltage fluctuations. )

A third voltage supply and measuring arrangement
provides a alternating voltage source which has as its
frequency determining element the motor 10 itself. As such
the frequency  of  the alternating voltage fluctuates
according to the periodic changing of the ground mode of
the motor, whereby the phase shift. between the current and
the voltage stays constant. For the measurement of'the
frequency all three mentioned possibilities may be used.

Thanks to the inventive solution, it is thus possible
to obtain information relative to the rotor position, and
in particular relative to the rotor revs via the voltage
connection thanks to a simple measuring arrangement. The
inventive solution allows for a long lifetime expectancy,
comprises-only few and simple parts and does not require
additional place in the motor itself. The voltage supply
and measuring arrangement which is exterior to the motor

- does not require any important energy consumption, so that
it hardly has any influence on. the operation efficiency of
the motor, and it may be manufactured in a very simple and
cheap manner. )

It is also possible, to have instead of slits 24a-c
respectively 24' certain drill holes. Shape criteria are

The



i ncreases too, this ground node decreases only slightly by several kHz.
Further, the influence of the air pressure is also very small on this
greund node. In order to obtain a good working operational
efficiency, it is very inportant to choose,jhe shape of the resonance
plate 14 in such a way that the frequency “Scale which is in the imediate
vicinity of the ground node does not contain any further |ocal inpedance
mninma. Only that resonance having the greatest driving effect should be
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solutlon, slits 24a-c respectively 24' as well as solid
material regions 25a-c respectively 25° advantageously.
extend-along the same angle of 60°. ) :

In both examples shown, the information about the
rotor position respectively its revs is determined by only
two different acoustic, respectively electrical impedance
spectrum, because push-portions 19a-c¢ either are in the
vicinity of slits 24a-c respectively 24' or of solid
material region 25a-c respectively 25°'. Accordlngly, a
rotor may be provided, which is itself provided with the
same number of slits as is rotor 20 of figure 1, these
slits however being arranged in a specific manner. All
these slits as well as two of the three there inbetween
lying solid material regions extend along an angle of
about 50°. The third solid material region extends on the
contrary along an angle of 110°. Due to this arrangement
of the rotor, one resonance tooth after the other comes
across the influence area of a slit. The resonance tooth
which first comes across the influence area of a slit,
will also leaves this area as the first. As such, a step-
wise influence of the electric impedance spectrum results,
whereby the following states occur one after the other
no resonance tooth in the vicinity of slits, then only a
first, then the first and a second, then all three, then



10 = changed. As such the requirenents for a bi-directional notor are
fu'IfiIIed.g Rotor 20 of piezoelectric notor 10 as shown in figure 1
may be replaced by a rotor 20' which is showmn as a second enbodlnent_ln
figures 2a and 2b. Hereafter, the dlfferque between rotor 20" relative to

rotor 20 will be speC|f|caIIy di scussed. Rotor 20" having a yndth 23'

and a rotor trailing surface 21' only contains ~ one S|Itl 24 and,

correspondingly, only one solid material region 25.'. Slit 24" also

traverses rotortl2®' sesondn &1sl sgied tRiflYULSeAD.onAPUhdi $13 m&ﬁﬁ‘@ﬂgh

of 20[err], refgrenc nuneral 30" and thus locally dIVII es rotor
regi'on 26' and an outer rotor region 27 Rot or region

into an inner rotor : _
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differs fronltﬁge_ because of the proposed angle of the slits and of the
solid material regions, both the slits as well as tﬂe
solid material regions have an equal influence on the
electric impedance spectrum. The third solid material
region forms an exception as it has a longer influence on
the electric impedance spectrum which is thus more
distinct.

In order to increase the resolution, a plurality of
slits or holes may be provided in the rotor,  .for example
12 slits and 12 solid material regions, which each extend
along 15°. _

In principal, the outer rotor region 27a-c
respectively 27' may be omitted so that the slits 24a-c
respectively 24' are open on the outer side and thus take
on the form of grooves.

So as to obtain an increased stability, it is
‘possible to provide the slits or the grooves with a
different material, either partly or entirely. This
material must have a vibration behaviour which is clearly
different from that of the rotor 20 respectively 20°'.

In all shown propositions,‘ the rotor position
respectively the rotor number of revolutions is determined
via the supply connections of the plezoceramic excitor 15.
It is, however, also possible to have an additional probe
provided on rotor 20 respectively 20', which constantly
registers during the operation the vibration behaviour of
the rotor 20 respectively 20' and transforms this into an

. equivalent varying alternating voltage signal, which may
be interpreted by a responsive circuit as a rotor position
change.



one shown in figure 1 as foll ows. As rotor 20' only has one slit 24",
at the nost only one of the push-portions 19c will be in the vicinity of
slit 24'. The influence of this slit 24" on the acoustic as-well as on the
‘el ectric inpedance spectrumw || thus bﬁ smaller than with the
piezoelectric nmotor 10 of figure 1 for mﬁich all three push-portions 19a-c
al ways vi brate under. the sane circunstances. However, in the case according
to figure 2, the influence of this one slit 24" may be increased thanks to
the thinner part gf iBner ketRr JAMUABRFurther hhaoks tw tdetemmiher

wi dth 29'. Under ese circunstanges, slit 24' may even be of a smaller
constructiontheirQﬁorrﬁPQﬁQﬂQ§ Qollﬁﬁﬁrb@?t°For exanpl e conpared to angle
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which will have varied by one percent, .this being sufficient to be
det ect ed. Figure 3 shows the block diagramof a first supply and
nmeasuring arrangenent for an inventive notor by way @Ef@]

| oop, in which only the notor current | oo has been h EE ﬁgp i C
connection |l oop. A controller, for exanpl Ta vol t age lcontr F Scillator
(VCO, is realised by way of a voltage controller which is referenced by 40
and which is connected at its output side to piezoelectric nmotor 10. In
series to thi soigmeennected current measuring-unit 41 and parallel to.this
a voltage measuring-unit 42 is provided. Each unit 41 and 42 delivers a
measuring signal 43 and 44 respectively.which are lead to a phase
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respectively Jdktween these two elements (13, 20 20') is brought about,

characterized in that said second element (20; 20') is
provided with several zones (24a-c, 25a-c, 26a-c; 27a-c;
24, 25', 26', 27') arranged substantially along the
'passive portions (21; 21'), of which at least a first zone
(24a~-c, 26a-c, 27a-c; 24', 26', 27') has a first acoustic
impedance spectrum.and at least a second zone (25a-c; 25')
has a second acoustic impedance spectrum, which is
different from the first acoustic impedance spectrum.

2. Piezoelectric motor according to claim_ 1,

" characterized in that the first zone (24a-c¢, 26-c, 27a-c;
24', 26', 27') and the second zone (25a-c; 25') differ in
their elasticity, in their inertia, or in both.

3. Piézoelectric motor according to claim 2,
characterized in that the first zone (26a-c; 26') and the
second zone (25a-c; 25') each have a wall thickness (23a-
c, 2%a-c; 23', 29') which differs from the other.

4. Piezoelectric motor according to claim 3,
characterized in that the first zone (26a-c; 26') adjoins
an open space (24a-c; 24').

5. Piezoelectric motor according to claim 4,
characterized in that this open space (24a-c; 24') is
formed by a slit (24a-c; 24') which traverses the second
element (20; 20') and which extends at a substiantally
constant distance along the passive portions (21, 21').
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to ‘phase measuring-unit 45, which determ nes the phase difference _
thepsignals and whi ch then provides an equivalent feedback signal 46 via

i fi - r 48.
anplifier 47 to _ Ec.@@d.%ae@éw .
Oonprrpar ator 48 conpares the anplified feedpgck si gUELIT%S\&ﬁ% e ori ginal
| eadi ng signal 49 and produces the control "deviatiqn_signal for-the VCO
controller 40. In this way, during operation, the frequency of the
supply vol tage delivered to motor 10 is corrected thanks to the phase
difference between tfd.s Pdelziorgeednsd ¢ hﬁlqtﬁi”a&g:or!di%%ye&?az %agl%ug?f)r/m%ert he
si nusoi dal vol I ri.es periodica yurin ] !
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the frequency ddarg,t Beacpersadi pre0f) HEIN s&gsf,_aﬂggglw Ehgiphits 24a-c;
respectively 24" and '

7. Piezoelectric motor according to any of the
precéding claims, characterized in that at least one
physical variable represents the difference between the
first and the second acoustic impedance spectrum, and
which may be determined outside the motor.

8. Piezoelectric motor according to claim 7,
characterized in that this physical variable is an
electrical variable.

" 9. Piezoelectric motor according to claim 8,
characterized in that the electrical variable may be
determined outside the motor via the same electrical
connection as through which the voltage supply of said
means (25) for generating vibrations in an ultrasonic
frequency region, is applied.

_ 10. Piezoelectric motor according to claim 9,
characterized in that during its state of operation a
supply and measuring arrangement constituting an open loop
circuit determines at a fixed frequency wvia said
electrical connections the voltagé or the current as the
electrical variable, and of which the non-uniform
periodical time change is interpreted as a changing

. relative position between the stator (13) and the rotor

(20; 20').

11. Piezoelectric motor according to claim 9,
characterized in that in its state of operation a supply
and measuring arrangement constituting a closed 1loop
circuit controls the frequency in view of a constant,
preferably zero, phase shift which exists between the
voltage and the current, which is determined by way of
said electrical connections and which interprets the non-
uniform periodical time_change _of the frequency as a
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which allows to determne the rotor position and/ of ~t TG o
revolutions, can be neasured for exanple in the f{)—iﬂd\%% ﬁhﬁé&%ys.
The direct voltage signal 50 is conpared in a conpafator H-2ppliad
reference direct voltage signal. The dif;grence bet ween these two vol t ages
determ nes the deviation of the frequency” of the supply voltage with
respect to a reference frequency. The second possibility consists in
providing a tine measuring arrangenent, which nmeasures thehéége qéfgﬁ%ence
bet ween zero-crossjngs qf .t.he ali.gk i ppl yheoktagera R aktows to
determ ne théﬂ#mm%ﬁQﬂﬁéiﬁ%ﬂﬁ%%E%&tﬁ%h B%ﬁﬁg third possibility, the nunber
of zero crossiggsr d@o;n@® )certain interval of time are counted., Thi

variant is advant O#i%gﬁ LREQHROr actbt N acqarddind| &k, 9 se’here
the quartz frequeﬁgg' ﬁt allows_in_a &bgg mapnes tko obasien aftine
i nterval of seharabudﬁﬂze@eédhd§héﬁmﬁé%w%esgonéﬁng circuit IR gaghky be
construct ed andeggtggguswith its means (15) tfor generating Vi %g
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measuring arrangenents are shown, w thout reference to figures, by way of
exanpl e, which again are to supply..a...pi ezoelectric notor of the art, so as
to determine from the electric i npedance spectrumthe rotor position
respectively the nunmber of revol utions. A second vol tage supply and
-measuring arrangenent corresponds to a control systemw th an open | oop.

It supplies nmotor 10 with an alternating,valtage of a fixed frequency and
nmeasures the current fluctuations caused ﬂJegthe changi ng acoustic

| npedance of rotor 20, respectively 20'. This solution is suitable in
particular for cases wth a constant load. In principal it is also
possible to supply the notor wwth a constant alternating current and to
regi ster the voltage fluctuations. A third voltage supply and
measuring arrangenment provides a alternating voltage source which has as
its frequency determ ging gl enent the motor 10 itself. As such thédO
frequency of the altgi| ffng vol tage fluctuates according to the riodic
changi ng of the ground de of the notor, whereby the phase shift between
the current and the voL{age St ga¥s n(ftqzt. For1_he EFAylr enent of t
frequency all three mentli oned pdossi % i thles may Be useqd. Thankg to the
I nventive solution, it ils thus possifble fo obtaip infofmation relative

the rotor position, andfin particuladr rellative tb the fotor revs yra th

vol tage connection thanks to a Sinpl¥e negsuring &arrangénent. The/i nventive
solution allows for a lgng lifetNme ‘ | $esyonly few and

AL anCy, O
sinple parts and does ndO »o \al I\ac g nmotoy itself. The
Nar \U.L Ch [ )

\ t@d the notor

24a

does not require any inportg tﬁgne O
. *

- .-Iél O
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it Rhardly has any influence on the operation efficiency of the notor, and

it may be manufactured in a very sinple and cheap nmanner. It is also
possi ble, to have instead of slits 24a-c .respectively 24" certain drill

hol es. Shape criteria are 14

determ ned principally by the resulting change of the |ocally observed
acoustic i npedance spectrum In principal.,,the nore distinct is this
change, the thinner is inner notor region2J@-c respectively 26' and the
nore the slits 24a-c respectively 24" extend, i.e. the smaller the w dths

.29a-c respectively 29", and the larger the angle 30a-c respectively 30'.
In the case that angles 30a- c respectively 30" of slit 24a-c respectively
24' are substantially larger than the angles 3la-c respectively 31' of
solid material regeens a-c respectively 25, the influence of the latter
on the eIectricaI?Fngd @ spectrumwiil be reduced. WOh the in figure 1
shown solution, slitss 24a-c respectively 24' as well as|solid naterial
regi ons 25a-c. respectively 25 advantageously. extend dlong the sane
angl e of 60[err]. -

29 26 I 2 20
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I n both exanpl es shown, the information about the rotor position
respectively its revs is determined by only two different acoustic,
respectively electrical inpedance spectrum because push-portions 19a-c
either are in the vicinity of slits 24a-c respectively 24" or of solid
material region 25a-c respectively 25 . Accordingly, a rotor may be

provi ded, which is itself provided with t sane nunber of slits as is
rotor 20 of figure 1, these slits however being arranged in a specific
manner. All these slits as well as two of the three there inbetween |ying
solid material regions extend along an angle of about 50. The third solid
mat eri al region extends on the contrary along an angle of 110[err]. Due to
this arrangenent of the rotor, one resonance tooth after the other cones
across the influence area of a slit. The resonance tooth which first cones
across the influence area of a slit, will also |leaves this area as the
first. As such, a step- wise influence of the electric inpedance spectrum
results, whereby the follow ng states occur one after the other no
resonance tooth in the vicinity of slits, then only a first, then the first
and a second, then all three, then 15

Fig.3
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the second and the third, then only the third and then again none.

These seven states occur sequenti al Iy tht'ee-times during a rotation. The
effect is thus an increased resolution. This is, contrary to the one in
flgure 1 which is 1: 3, 1: 21. Due to this arrangenent of the rotor,
i.e. because of the proposed angl e OABSTRACE!its and of the solid materi al
regions, both the slits as well as thé solid naterial regions have an
equal influence on the electrlc |npedance spectrunt The third SO|Id
material region for®LEQ ECHREC 3 \'s! & o ,
el ectric inpedance spe

t he rotor, ek , eP— : ; : ®HRch each
ext end along 15[err] In prlnC|paI the outer rotor reglon 27a-c
respectively 27" may be omtted so that the slits 24a-c respectively 24
are open on the out xlanglettendinters wikey orettde foaid big gseobase (21) &b as

to obtain ani{%ﬁegﬁﬁg%ggaQbkbEy(ZG)'é&@oéﬁbQEEsEQeE&UBfﬁ%fégaSfé foﬂé

the grooves wi erent _mat er.i_al her y or entirel
materi al nust he&R22ENi Dk SMedd H@H&vF@&FkﬂﬁF§ﬁslézg eéPﬂyrGHFPBFeﬁ?SFrﬁht

that of the rot®f fé)rgeﬁpﬁallvehycﬁﬁesses, whichl |Idifiam witlpasespets, tbhe
rotor position r.especti é%f% tor nunber

| d
et e upp v SEEP el | Mipednl TUIBEL Hul S i ihg e, SR DEC

al so possi bl e tapématiom, atidét i when phebwotor (20) turns, the mentloned
regions (24a-c; 25a-c) are excited alternately by the
piezoelectric excitor (15) of the stator (13). The
acoustic impedance spectrum which changes periodically,
influences the electrical impedance spectrum of the motor
(10) in an analogue manner. These changes are measured via
the voltage supply connections of the motor (10) and are
interpreted as relative positional changes between the
stator (13) and .the rotor (20).

Figure 1 of the drawings should accompany the abstract when

published.



provi-ded .on rotor 20 respectively 20", which constantly registers during

the operation the vibration behaviour of the rotor 2 20
transforms this into an equival ent varying alternati REBLAG MEyT@MQET
which may be interpreted by a responsive circuit as Botor ki

change. 1 16 ThiePfR ventrve solutl)
further allows to determ ne the rotor speed of a Iinear not or. —Tank
to the above- nentlonEE fggfiéT (124t e |n¥eht|ve‘nnﬁor ma Abgﬁusgdﬂ;c ge

wri stwatch. The time™—agyust et el
perfornmed easily by an 5| ENEORMATIO

crown. ITION AND/OR THE ROTOR'S ER OF REVOLUTTIONS

The present invention concerns a piezoelectric motor
having two elements forming a stator and a rotor, at least
the first of said elements having means for generating
vibrator waves which set at least an active portion of an
active region of the first element into cyclic motion, and
this cyclic motion of the active portion of said first
element having an effect on at least a passive portion of
the second element, so that a relative movement between
these two elements is brought about.

Such a motor . is. based on the reciprocal piezoelectric
‘effect. With this, a piezoelectric excitor is excited by
an alternating voltage and a stator is set into a

nd

mechanical vibration at an, for example, ultrasonic .

frequency. By way of appropriate constructional measures,

- the vibration. of the stator allows for a rotational
movement. of the;rotor; As motors of the art have an
asynchronous behaviour, an additional arrangement needs to
be provided so as to allow to obtain the rotor pOSltlon
and its number of revolutions (revs).

From the doqument EP 505 848 a piezoelectric motor <=
~lemowm having a stator provided with a fixedly attached
printed circuit having contact extending in a radially
outwardly manner. The rotor is provided with a brushing

arm, so that by way of this arrangement information -

concerning the rotor position and its revs is available
exterior to this motor.

Experience with the operation of such arrangements
have shown, despite fundamental functional ability, that
its mechanical friction reduces the life-time of the
entire motor and also considerably increases the
manufacturing costs. Furthermore, in particular for small
motors, the additional place which is needed and the



17 CLAIMS 1. Piezoelectric nmotor (10) having a stator (13) and
a rotor (20; 20'), at least the stator (13) having a pjezeelectric elenent
(15) for generating vibration waves which set at |east HERANCRMENRPS EESH
(I9a-c) of an active region (18a-c) of the stator (13)flinto iycllc not i orn
and the cyclic notion of the active portion (19a-c) of||tihfe: .6 L"ﬁ _______________
havi ng an effect on at | east a passive portion (21; 21 f—-f-—hﬂ—F—m—f-‘rr-——
(20; 20') so that a relative movement between the stator (13) and the

rotor (20; 20' Feduchiomgit abbet Opeﬂmmmmelfzfi@?l:ufvéri@és -t EghOttHe

(20 20015 \macthanedsathe) ekl any WOMLIRFEALEIL(TS), o S8l d

a-

rotor (20; 20') having.several zones 27a-c; 24',

25, 26', 27') arraflg acééwbéFaﬁ{lgamﬁytSaatmugalm Joveyei v evlpatt oy (vlly @' )
of which at | edsohtbehinsst GeeRemi2da the %@tbrhﬁssatﬁbhshna%&s%% Ciance

spectrum and a ast ‘a second zone (25a-c; has a second acous

i npedance specfrum which is different from t he first acoustic i rrpedance

spectrum - the di Foer such beMmlbhetbbrsthandoglaeaﬁaceh@ &%iﬁ_—_tll(ﬁ.lal

| npedance spechh\dR g 5pn St l ectri varjable whicgh is

det er ni ned outside t eﬁgnD?Ica)rlt %b)385§% ng' G Per LA associated
manufacturing costs are .considerable. Also, this

arrangement leads.to an increase of the motor dimensions,

in particular for small motors, as well as a reduction of
the operation effectiveness through the additional energy

consumption needed to supply lightbeams. .
AL e imvoncion shorefbialbsliasnt inveptionte

piezoelectric motor having an arrangement which provides
reliable information relative to the rotor position and/or
its revs, .thereby avoiding notable friction and thus
allowing a 1long life-time, avoiding - large motor
dimensions, réduiring a minimal additional energy
consumption and being simple and cheap to manufacture.

Pl i et e b b . bBtained i

Thanks to the inventive .solution, information
relative to the rotor position as well as the rotor revs
may be obtained directly and re]:iébly by way of the
voltage supply contacts of the motor. For arriving at this
goal, the motor does not need any additional elements, so
that the life-time of the motor will not be negatively
influenced, and its dimensions remain unchanged. Only
simple minor- changes to the rotor as well as to the
voltage-supply arrangement are needed.

According to a preferred embodiment, the rotor nmay
have for .example regions having slits with circular
segments, which, when considered 1locally, are
characterised by a different value of the acoustic
impedance, than is the case for solid material regions. In
.this way, during operation at least one electrical
variable of the voltage-supply.changes, which functions as



inthat - th

position between the stator (13) and-rot.or(20; 20') = = 2
mot or according to claim1, characterl‘eaepnA¢QMEhrBa=Errn

Pi€zoel ectric
zone (26a-c,

physi cal char
of elasticity
2, characteri
(25a-c; 25")

dlffers from
Pi ezoel ectric

e electrical variable varies according to the relatlve

2orerer s mre—
-

26') and the second zone (25a-c; 25 ) dijf fer i gaﬁﬁ St
acteristic of the group of pHysical chanfapgater..§L R
and inerti a. 3. Plezoelectrlc not a

vvw‘x-nu""—r. T

zed in that the first zone (26a-c, 26') and the second zone

ﬁéﬁ@rt‘ﬂaierégi\@ﬁl 25151 ﬁﬂff@?san.(@%?eﬁreé%ﬁ:acmv@ fozz%.l)l \M?fr%lé

t

first zone (2Gail; b36désaﬁlilsédﬂ5he@éu:w@c£b§,paﬁ?m(l—%ﬂ:’hcbhéﬁéscrlptlo& is
claim4, __characterized in that said open

tor_accordin
gg? ¥§ te ?’ﬁe%clfsré’tﬁ GenA2ch traverses the rotor (20; 20')
and which extendssantazshbdivadéaltyteﬁnsOambcdliyamﬁeoahﬁngnnéhetﬁdﬁslVe

Pi ezoel ectric
space (24a-c;

portion (21,

2&£br region 26b and an outer rotor region 27b. Slit 24b
has a width 28b and inner rotor region 26b has a width 29b
which are measured along a radial direction. Slit 24b
extends along an angle 30b and solid material region 25b
extends along an angle 31b, .both angles measuring 60°.

The -Semebiow—ofthe—in——iigure—i—shows inventive
piezoelectric motor 10££§£%£§%Eg%§%l%¥£§%gg¥§%ic excitor
15 is supplied with, for example, a sinusoidal voltage of
200 kHz, is the following. '

The ﬁltrasound. vibratiodons- which are radially
transmitted outwardly by piezoceramic excitor 15 into the
resonance wings l7a-c¢ result in a cyclic, almost
elliptical movement of the three resonance teeth 18a-c and
of their push-portions 19a-c in a plane which is
orthogonal to axis of rotation '12. Due to - this movement,
rotor 20 is driven jerkily.. For a more detailed
description of the driving principal of the-hefe—éabéééﬂiﬁh

~d-wsirovnr piezoelectric motor 10, reference is made to the

above-mentioned document EP 505 848, although the number

"0of resonance wings there is different. With the three

wings, however, a distinct driving effect is obtained.

The way in which resonance wings.l1l7a-c respectively
resonance teeth 18a-c¢ vibrate with their push-portions
19a-c, depends, amongst other, on the construction, i.e.
on the constructional measures of the adjacent mme&es- 20
which functions as a load. The vibrational.behaviour of
motor 10 as a whole or also partly, as for example regions
of rotor 20, may be described by way of a physical
variable, the acoustical impedance. ’

Only one single value of the acoustic impedance  at a
certain frequency or also the variation of the acoustic
impedance as a function of the frequency for a certain

sgl’rﬁ?orz‘laa‘ébcﬁffﬁi R lt hrepaselid mageriak e¥$§éﬁn$ n215ﬁa—s:.sa| d



6. Pi ezoel ectric notor accord| ng to :any one of the preceding clains,
charaacterized in that the first zone (26a-c, 26') extends along a fII’St
angle (30a-c; 30') and the second zone (25a-c; 25') extends al ong a second
angle (3la-c: 31'), the first and second andi%es (30a-c—3la-c. 30", 31')
bei ng substantially simlar. - 7. Piezoel ectric nofl HEFRACEHH PF
claim1, characterized in that the rotor (20; 20') has a SUbS}D?eé

i nner cylinder j@g{(ﬁ&s shaped trailing surface (21).
mot or according to claim1l or 7, characterized in that ~hy
resonance wi ng$ (17a, 17b, 17c) extending outwardly. 9. Piezoelectric

notor according to cl ai_ | n t the stato 13) has three
resonance wing¢ (17a 1r7nP§eZ%@L%%gﬁE ﬁ%‘éob éEngZ 3 d ek ﬁDFg?{:aEcéﬂ-aPngnfio
claims or 9, ¢far5eter 2%04 n?Phat erfehleasénarke witagdras(nh) OWiaWiFr;bL Ya
oi nting chi sel ‘sl s asOTAERerk€of h

gccordi ng to clgjmb, gharacterized |n”f5h)atfc-’];t %I?épfée%?g {ﬁg%gg?lérf@?ﬁ’es
(15) is connec é{gw a an ef Z‘? %Ia%%%&?%woﬁo(@%wbquam active
measur enent *|1?€t§}+qnf618%~upplnyf nghanseaeogi 71189 S.h&'&abyc‘ll@%notl?n an?

| ezoel ectric ¢l [ t a| d I zin he
p ¢ &f@%y&ﬂ@& fn%tl%%lp% v lvl?e POJ{}H[%} 87_ ~G; a%fal the

el ectrical varfable nmay determ ned outsid
el ectrical conpECREER. (13) having an effect on at least a PaSSlve portion

(21; 21') of the rotor (20; 20') so that a relative
movement between the stator (13) and the rotor (20; 20')
is brought about,

characterized in that

- said rotor (20; 20') is ring shaped and is rotatable
about the stator (13),

- said rotor (20; 20') having several zones (24da~-c, 25a-c,
26a-c; 27a-c; 24', 25', 26°', 27') arranged substantially
along the passive portion (21; 21'), of which at least a
first zone (26a-c, 26') has a first acoustic impedance
spectrum and at least a second zone (25a-c; 25') has a
second acoustic impedance spectrum, which is different
from the first acoustic impedance spectrum,

- the difference between the first and the second acoustic
impedance spectrum being manifested by an electrical
variable which is determined outside the motor (10), and
in that

- the electrical variable varies according to the relative
position between the stator (13) and rotor (20; 20').

2. Piezoelectric motor according to claim 1,
characterlzed in that the first zone (26a- c, 26') and the
second zone (25a-c; 25') differ in at least one physical
characteristic of the group of physical characteristics
consisting of elasticity and inertia.

3. Piezoelectric motor according to claim 2,
characterized in that the first zone (26a-c, 26') and the
second zone (25a-c; 25') each have a wall thickness
(23a-c, 2%a-c; 23', 29') which differs from the other.

* c L M s *
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Pi ezoel ectric notor according to claim 11, characterized in

that - : the supply and measuring circuit conprises @ﬁ:@p@ﬂJﬁGﬁﬁszz uit

for “determning at a fixed frequency via said el g
of the variables of the group of vari abl 8 consi {

the current

exhibiting a npn-uniform periodical tine change r

CREPIRCENMBNhELEFDN|! one

ting of9 gh ojaqagk and
Deatet . lzctél gv"e!w' T az
ntT g a changi ng

as said electrical variabl e, sai d

[ t. 3) and the r.qtor. (20; 20").
13 Pl ezoel ect [ o mot b SRS U RECED LA alii AL HEFGECSRE e a n ahatn. B he
supply and neaaLﬁhdﬁﬁ@ﬁ&ﬁiﬁedwmnnnha$e$aadbEa&e& lzooe (26bBFeYi R6FPradjoins

' 4 e ég hase
controlling thge Jigd gneégh i ng signal according to a p
shift diffgren,e eX|st|n%_ e % ﬁeen a volfage and a current of said

i

energi zi ng S
interpreting a
changi ng rel at
20"). 14.

Flromwm e

gnal %ﬂﬁ%ﬁ9t5ﬁ§ mm&ﬁﬁﬁrmp©¢ocdunglndduhdmaﬁmang

e e t OF Dxe4r iiedi eRb et isBR £hepes @ {%eg fgggrr}%y as; a

L 9T B, arss e i i (BT
which extends at a substiantally constant dlstance along
the passive portion (21, 21').

6. Piezoelectric motor according to any one of the
preceding claims, characterized in that the first zone
(26a-c, 26') extends along a first angle (30a-c; 30') and
the second zone (25a-c; 25') extends along a second angle
(3la-c; 31'), the first and second angles (30a-c, 3la-c;
30", 31') being substantially similar.

7. Piezoelectric motor according to claim '1,
characterized in that the rotor (20; 20') has a
substantially inner cylinder jacket-shaped trailing
surface (21).

8. Piezoelectric motor according to claim 1 or 7.
characterized in that the stator (13) has resonance wings
(17a, 17b, 17c¢) extending outwardly.

9. Piezoelectric motor according to claim 8,
characterized in that the stator (13) has three resonance

' wings (17a, 17b, 17c).

10. Piezoelectric motor according to claim 8 or 9,
characterized in that each resonance wing has an outwardly
pointing chisel-shaped resonance tooth.
11. Piezoelectric motor according to claim 1,
characterized in that |
~ the piezoelectric element (15) is connected, wvia an
electrical connection, to a supply and measurement
circuit for supplying an energizing signal,

- the piezoelectric element (15) is responsive to said
energizing signal,

- the electrical variable may be determined outside the

motor (10) via said electrical connection.
—_— T T

RO



ch'a‘réf.:terized in that - said notor (10), in its state of operation,

' : - |y ad SUr Ty _Ct i cuty
operation frequency, and the supp . cgaﬁ e
i ncludes nmeans interpreting a non-uni f orm peri odi cal ;.ﬁgﬁﬁwﬁwdE HEHERE

operation frequency as a change of the rel athie positi

(13) and the rotor (20; 20'). : ]

prowvides: an

characterized in that

——

12. Piézéélectric motor according to claim 11,
the supply and measuring circuit comprises an open loop
circuit for determining at a fixed frequency via said
electrical connection one of the variables of the group
of variables consisting of the voltage and the current
as said electrical variable,
said electrical variable exhibiting a non-uniform
periodical time change representing a changing relative
position between the stator (13) and the rotor (20;
20").

13. Piezoelectric motor according to claim 11,

characterized in that

the supply and measuring circuit comprises a closed loop
circuit for controlling the frequency'of said energizing
signal according to a phase shift difference existing
between a voltage and a current of said energizing
signal,
said supply and measuring circuit including means
interpreting a non-uniform periodical time change of the
frequency as a changing relative position between the
stator (13) and the rotor (20; 20').

14. Piezoelectric motor according to claim 11,

characterized in that

said motor (10), in its state of operation, provides an
operation frequency, and '

the supply and measuring circuit includes means
interpreting a non-uniform periodical time change of the
operation frequency as a change of the relative position

between the stator (13) and the rotor (20; 20').

)



