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[57] ABSTRACT

A motor device utilizing ultrasonic oscillation, which
comprises an ultrasonic oscillator including an elastic
body and one or more piezoelectric, electrostriction or
magnetostriction elements assembled in or on the elastic
body, and a movable body movable in a fixed direction.
A portion of the ultrasonic oscillator and a portion of
the movable body are held pressed against each other.
A progressive wave, which is generated by a longitudi-
nal wave and a transverse wave, is converted to a uni-
directional motion of the movable body.

29 Claims, 5 Drawing Sheets
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MOTOR DEVICE UTILIZING ULTRASONIC
OSCILLATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.

This application is a continuation of application Ser.
No. 469,245 filed Feb. 24, 1983 now abandoned.

FIELDS OF THE INVENTION

This invention relates to a motor device in which a
progressive wave produced on the surface of an ultra-
sonic oscillator is converted into a uni-directional mo-
tion of a movable body held pressed against the oscilla-
tor.

DESCRIPTION OF THE PRIOR ART

Prior art motor devices of various types used for a
variety of purposes mostly utilize electromagnetic
forces as their drive source. The size, weight and torque
of these devices, however, are limited by the matenal
used. More particularly, the factors noted above are
determined by the magnetic properties of the material
used, and a device which is designed beyond the prop-
erties of the material cannot provide driving torque.

SUMMARY OF THE INVENTION

An object of the invention is to provide a small-size
and light-weight motor device, in which high oscilla-
tion energy of an ultrasonic wave 18 converted to rota-
tional or translational motion.

A more specific object of the invention is to provide
a motor device which utilizes a progressive wave pro-
duced on the surface of an ultrasonic oscillator, includ-
ing an elastic body and one or more piezoelectric, elec-
trostriction or magnetrostriction elements assembled
therein or thereon.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a fragmentary perspective view for explain-
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FIG. 2 is a sectional view showing an embodiment of

the invention;

FIG. 3 is a side view showing an oscillator;

FIG. 4 is a schematic sectional view taken along line
A—A in FIG. 3;

FIG. 5 is a side view showing an example of a pres-
sure adjustment mechanism;

FIG. 6 is a view for explaining elastic oscillation of
the oscillator;

FIG. 7 illustrates the state of contact between oscilla-
tor and rotor;

FIG. 8A is a sectional view showing a different em-
bodiment of the invention;

FIG. 8B is a schematic sectional view taken along
line A—A in FIG. 8A;

FIG. 9 illustrates the state of contact between oscilla-
tor and rotor;

FIG. 10A is a sectional view showing a further em-
bodiment of the invention;

FIG. 10B is a schematic view showing the arrange-
ment of piezoelectric member electrodes;

FIG. 11 is a perspective view showing a further em-
bodiment of the invention;
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FIG. 12 is a view showing a method of generating a
unidirectional surface wave used for the embodiment of
FI1G. 12;

FIG. 13 is a view showing a linear motor using an
endless elastic member;

FIG. 14A is a view showing a linear motor using a
loop structure including couplers;

FIG. 14B is a view showing a linear motor using a
loop structure including resonators;

FIG. 15 is a view showing a linear motor using a
single linear elastic member and two oscillators;

FIG. 16 is a view showing an electrode arrangement
for producing a progressive wave on a rod-like elastic
member with a piezoelectric member;

FIGS. 17 and 19 are views showing the modification
of the arrangement of FIG. 16; and

FIG. 18 is a view showing an electrode arrangement
for producing a progressive wave on a rod-like elastic
member with oscillators.

DETAILED DESCRIPTION OF THE
INVENTION

The operational principles and some preferred em-
bodiments of the motor device according to the inven-
tion will be described with reference to the drawings.
FIG. 1 is a fragmentary perspective view illustrating
the operational principles underlying the invention.
There is shown an elastic body, for example, a metal,
along the surface la of which is propagated a progres-
sive wave, shown in an exaggerated form, which 1s
constituted by a longitudinal wave and a transverse
wave. Primarily, the progressive wave is a surface wave
called Rayleigh wave. The existence of a wave propa-
gated along the surface of an elastic body is made clear.
Elastic waves propagated through solids include longi-
tudinal waves and transverse waves. Longitudinal and
transverse waves can exist in a solid independently, but
they are complicatedly combined in a complex manner
at the surface according to boundary conditions.

A Rayleigh wave can be produced by placing an
oscillator, which can undergo longitudinal or transverse
oscillation, on a medium plate and tapping the surface of
the plate.

A surface wave can be observed at a position consid-
erably spaced apart from the source of oscillation when
the plate surface is tapped in whatever manner. Alterna-
tively, the progressive wave is produced due to elastic
oscillation of a bar-like (or plate-like) elastic body. In
this case, the wave is propagated along the surface of
the body with the formation of elliptical particle trajec-
tories having longitudinal and transverse components
90 degrees out of phase with each other. In another
case, the progressive wave is a longitudinal wave prop-
agated along the surface of a bar-like (or plate-like)
elastic body. In this case, a transverse wave based on the
Poisson ratio appears on the surface of the elastic body.
Again in this case particle trajectories having longitudi-
nal and transverse components 90 degrees out of phase
with each other are formed.

In FIG. 1, no oscillation source is shown, but only the
state of propagation of the Rayleigh wave is shown.
Here, a mass point B, for instance, is executing motion
along an elliptical trajectory Q, which has a transverse
component amplitude a (in the vertical directions) and a
longitudinal component amplitude b (in the horizontal
directions), in the direction of arrow M. The progres-
sive wave is being propagated at the speed U of sound.
In the state of FIG. 1, all points on the surface 1a of the
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elastic body are executing an identical motion. If a
[ free] movable body 2 is pressed against the surface 1a
of the elastic body 1 in this state, the body 2 i1s in contact
with the elastic body 1 only at the tops A, A" ... of the
progressive wave.

Since the tops A, A’ ... are moving in the direction
of arrow M at an oscillation speed of v=2=fb (where f
is the oscillation frequency), the [free] movable body 2
is driven in the direction of arrow N by the frictional
forces between it and the elastic body 1.

The motor device according to the invention is based
on the driving of a movable body with a progressive
wave as discussed above, and it will now be described in
conjunction with some preferred embodiments. FI1G. 2
is a sectional view showing one embodiment of the
invention. A casing 11 accommodates a cylindncal
[flexural elastic oscillator 13, which has its node portion
supported by a support 12. The oscillator 13 has a ta-
pered outer periphery 13a formed substantially in a
central portion along its length. The casing 11 also
accommodates a rotor 14 which serves as a moving
body. The rotor 14 has a tapered inner peripheral sur-
face which is pressed against the tapered outer periph-
eral surface 13a of the oscillator 13.

The rotor 14 is supported for axial movement a shaft
15. Torque is transmitted from the rotor 14 to the shaft
15 via a pressure adjustment mechanism 16. The pres-
sure adjustment mechanism 16 will be described later 1n
detail with reference to FIG. 8. The shaft 15 is jour-
nalled in bearings 17.

The oscillator 13 includes electrostriction or piezo-
electric elements 18 and 19 which are assembled as its
intermediate section and serve as a source of a progres-
sive wave. FIG. 3 shows a side view of the oscillator 13,
and FIG. 4 shows a section taken along line A—A In
FIG. 3. The electrostriction or piezoelectric elements
18 and 19 are capable of axial elongation and contrac-
tion as shown by arrows in FIG. 3. An electrode assem-
bly 20 is sandwiched between the elements 18 and 19.
The electrostriction or piezoelectric elements and the
electrodes of the electrode assembly are arranged in a
manner as shown in FIG. 4. A pair of diametrically
opposed electrodes a and b are connected to a terminal
21. Another pair of electrodes ¢ and d, which are also
diametrically opposed, are connected to a terminal 22.
Portions of the electrostriction or piezoelectric ele-
ments which are diametrically opposed to each other
undergo elongation or contraction in opposite direc-
tions. More particularly, portions of the electrostriction
or piezoelectric elements 18 and 19 which are in contact
with the electrode a undergo expansion while their
portions in contact with the electrode b undergo con-
traction. Likewise, their portions in contact with the
electrode d undergo elongation while their portions in
contact with the electrode ¢ undergo contraction.

FIG. 5§ is a sectional view showing a specific example
of the pressure adjustment mechanism 16 mentioned
above. The illustrated example is an automatic pressure
adjustment mechanism. The mechanism includes a pair
of special cams 23 and 24, which have opposed cam
surfaces, each consisting of a plurality of V-shaped
valley portions arranged side by side, and steel balls 25
each received in each pair of V-shaped portions of the
opposed cam surfaces. When there s no load, each steel
ball is located to correspond to the bottom of the associ-
ated pair of V-shaped valley portions. As torque is n-
creased with application of load, the steel ball are dis-
placed to force apart the opposed cam surfaces, thus
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generating an axial pressure. In this way, torque is trans-
mitted from the rotor 14 to the shaft 15.

With the above construction, the oscillator 13 1s
caused to undergo elastic oscillation as shown in FIG. 6
by applying a high frequency voltage between it and the
terminal 21, to which the electrodes a and b are con-
nected as shown in FIG. 4. In the primary oscillation
state as shown in FIG. 6, a central point B constitutes
the loop while points H and K constitute the nodes of
the oscillation. By applying a high frequency voltage
which is 90 degrees out of phase with respect to the
voltage applied to the electrodes a and b between the
oscillator 13 and the other terminal 22, which is con-
nected to the other electrodes ¢ and d, an oscillation
which is shifted in phase with respect to the afore-men-
tioned oscillation with the loop at the point B in the
vertical direction (i.e., in the direction perpendicular to
the plane of the Figure) is induced. The resultant wave
of the longitudinal and transverse waves that are artifi-
cially produced in the above manner constitutes rotat-
ing circular oscillation.

FIGS. 7A to 7D show the state of contact between
the outer periphery of the central portion 13b of the
oscillator 13, which constitutes the loop of the oscilla-
tion, and the corresponding inner periphery 14a of the
rotor 14 for individual quarters of one cycle. The inner
periphery of the rotor 14 is in contact with the loop of
the wave on the side of the oscillator 13, and the point
of contacts completes one excursion along the inner
periphery 14a of the rotor 14 for each cycle. The speed
of the mass point constituting the loop of the wave is
proportional to the amplitude of the oscillation, and 1s
of the order of 0 to several m/sec. The oscillation gener-
ated on the side of the oscillator is converted into torque
on the side of the rotor with the movement of the
contact point for the following reason.

Comparing the circumferential length of the inner
periphery 14a of the rotor 14 and that of the corre-
sponding outer periphery 13b of the oscillator 13, the
former is greater than the latter as is apparent from
FIG. 7. When the contact point alters the rotor 14 is
thus shifted with respect to the oscillator 13 by an
amount corresponding to the difference between the
circumferential lengths of the two. This amount of shift
is taken out as rotation.

The direction of rotation can be reversed by inverting
the phase of the high frequency voltage applied to the
electrodes a and b or ¢ and d.

FIG. 8A 1is a sectional view showing a different em-
bodiment of the invention, and FIG. 8B is a schematic
sectional representation of the same taken along line
A—A in FIG. 8A. This embodiment comprises a ring-
like elastic oscillator 33 accommodated in a casing 31
and supported by a support. The ring-like elastic oscilla-
tor 33 has a tapered inner periphery 33a, which is in
contact with a corresponding outer periphery of rotor
34. The rotor 34 is supported for axial movement on a
shaft 35. Torque is transmitted from the rotor 34 to the
shaft 38 via a pressure adjustment mechanism 36, which
has the same construction as that shown in FIG. §.
Designated at 37 is an electrostriction or piezoelectric
element, and at 38 bearings. As shown in FIG. 8B, in
which the casing 31 is not shown, the electrostriction or
piezoelectric element 37 1s secured to the outer periph-
ery of the ring-like elastic oscillator 33 which is an
elastic body. The element is polarized such that 1t can
undergo elongation and contraction in the directions of
arrows, and it 1s provided with electrodes a to h. The
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electrodes a to d are connected to a terminal 39, while
the electrodes e to h are connected to a terminal 40.

When a high frequency voltage is applied between

the terminal 39 and the oscillator 33 while a high fre-
quency voltage 90 degrees out of phase is applied be-
tween the terminal 40 and the oscillator 33, the oscilla-
tor 33 is caused to undergo bimorph type elastic oscilla-
tion. The frequency of this elastic oscillation is given as

Eh? n2(nd — 1)
LAy PP N S
24(1 — 3H)pat né + 1

where E is Young’s modulus, & is the Poisson ratio, a is
the radius of the center circle, h is the peripheral wall
thickness, n is the order number of the elastic oscilla-
tion, and p is the density of the material.

In this embodiment n=2, and FIGS. 9A to 9D show
the state of contact between the inner periphery of the
rotor oscillator and the outer periphery of the rotor 34
for individual quarters of one cycle. The point of
contact between the oscillator and rotor constitutes the
loop of the wave. The loop completes one half excur-
sion for each cycle of oscillation. The oscillation gener-
ated on the oscillator 33 is transmitted as torque to the
rotor 34 with the movement of the contact point as
discussed earlier in connection with FIG. 7.

FIG. 10A is a sectional view showing a further em-
bodiment of the invention, and FIG. 10B is a view
showing the arrangement of electrodes provided on a
piezoelectric member. In this embodiment, high fre-
quency voltages 90 degrees out of phase with each
other, which are provided from respective independent
circuits, are applied to respective electrode terminals a
and b to excite the piezoelectric member 52. An elastic
ring 51 supported from stator 54 by supports 36 can
undergo bimorph oscillation to produce a surface wave
as the resultant of a longitudinal wave and a transverse
wave, the surface wave being propagated along the
lateral surface 51a of the toroidal elastic ring 51. A rotor
53 which is attached to shaft 85 which is held pressed
against this surface 51a receives the driving torque. The
electrode arrangement and polarization of the piezo-
electric member are shown in FIG. 10B. Here, the pitch
of the electrode arrangement is set to one half the wave-
length of the surface wave, and the polarization of the
piezoelectric member is shown as plus and minus signs
(electrode groups a and b being shifted in position by an
amount corresponding to a quarter of the wavelength).
The individual terminals a and b are connected to termi-
nals a and b of respective distinct circuits. With the
above construction, by applying high frequency volt-
ages 90 degrees out of phase from each other to the
respective terminals a and b, a progressive wave 1is
formed on the surface of the elastic ring 51.

FIG. 11 shows a further embodiment of the invention
applied to a linear motor, in which ultrasonic oscillation
is converted to translational motion. As is shown, elastic
members 62 are held pressed against the surface of a
plate-like member 61. A piezoelectric member 63 is
cemented to part of the surface of each elastic member
62. A surface wave (or Rayleigh wave) thus can be
produced on the elastic member 62. The elastic member
62 has smoothly curved ends 62a so that the surface
wave can be propagated along the surface of the elastic
member 62 continuously to cause movement of the
plate-like member 61 in the direction of arrow W.
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FIG. 12 shows a method of generating a uni-direc-
tional surface wave used for the preceding embodiment.
A plurality of electrodes 92 are cemented to the surface
of a piezoelectric member 91 and are connected
through three different circuits to a phase shifter 93. By
applying high frequency voltages with respective pha-
ses of 0, 120 and 240 degrees to the respective circuits,
a uni-directional surface wave can be generated on the
piezoelectric member 91.

FIG. 13 shows a modification of the previous em-
bodiment of FIG. 11. Here, a plate-like member 72 is
held pressed against the surface of an endless bar-like
elastic member 71. A plurality of piezoelectric members
73 are secured to other part of the elastic member 71.
With this construction, the endless bar-like elastic mem-
ber 71 can be caused to undergo elastic oscillation to
generate a wave. The wave is propagated and circu-
lated as a progressive wave along the elastic member 71.

FIG. 14A shows a further example of the linear mo-
tor. Here, two bar-like elastic members 76 and 77 are
secured to each other by couplers 78 and 79. Plate-like
members 80 are held pressed against the bar-like elastic
member 76. A plurality of piezoelectric members 81 1s
secured to the other bar-like elastic member 77. With
this construction, the piezoelectric members 81 can
cause elastic oscillation of the bar-like elastic member
77. The progressive wave thus produced is converted to
a longitudinal oscillation of the coupler 78 provided at
one end of the elastic member 77. This longitudinal
oscillation is converted to elastic oscillation of the bar-
like elastic member 76 to be propagated as progressive
wave along the bar-like elastic member 76. This pro-
gressive wave is transmitted back to the bar-like elastic
member 76 through the coupler 79.

FIG. 14B shows a further example of the linear mo-
tor. Here, two bar-like elastic members 76 and 77 are
secured to each other by resonators 82 and 83. Plate-like
members 80 are held pressed against the bar-like elastic
member 76. A plurality of piezoelectric members 81 are
secured to the other bar-like elastic member 77. With
this construction, the piezoelectric members 81 can
cause elastic oscillation of the bar-like elastic member
77, and the progressive wave thus produced is con-
verted to a longitudinal oscillation of the resonator 88
provided at one end of the bar-like elastic member 77.
The longitudinal oscillation is converted to elastic oscil-
lation of the bar-like elastic member 76 to be propagated
as progressive wave along the bar-like elastic member
76. This progressive wave is transmitted back to the
bar-like elastic member 77 through the resonator 83.

The coupler and resonator as mentioned above are
different in their function as follows:

The coupler serves to convert the elastic oscillation
of the bar-like elastic member into longitudinal oscilla-
tion or vice versa. Its material and dimensions are re-
stricted by acoustic impedance matching problems.
However, its shape is simple so that its size reduction
and cost reduction can be readily obtained.

The resonator, while it serves the same role as the
coupler, permits comparatively free selection of the
acoustic impedance matching and has higher oscillation
energy transmission capacity. However, its shape is
complicated, and it is necessary to match its characteris-
tic frequency to the oscillation frequency of the oscilla-
tion source. For the above reasons, it is rather expen-
sive.

FIG. 15 shows a further example of the linear motor.
Here, plate-like members 89 are held pressed against the
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surface of a bar-like elastic member 86, to which oscilla-
tors 87 and 88 are coupled. With this construction, the
oscillator 87 can cause elastic oscillation of the bar-like
elastic member 86. The oscillator 88 absorbs the oscilla-
tion of the progressive wave thus produced and con-
verts it to electric energy to be recovered or fed back to
the oscillator 87.

F1G. 16 shows a further embodiment, in which a
piezoelectric member 87 is secured to a bar-like (or
plate-like) elastic member 96. The piezoelectric member
87 is provided with electrodes which are connected to
distinct circuits (A and B). The piezoelectric member is
polarized with respect to the elastic member 96 in oppo-
site directions of arrows M and M’ perpendicular to the
plane of paper for every quarter of the wavelength. By
applying high frequency voltages 90 degrees out of
phase with each other to the respective electrode
groups A and B, the bar-like elastic member 96 is caused
to undergo elastic oscillation to produce a uni-direc-
tional progressive wave.

FIGS. 17 and 19 show modifications of the embodi-
ment of FIG. 16. Here, electrode groups A’ and B’ for
respective piezoelectric members 97a and 97b are pro-
vided in separate positions. The piezoelectric members
97a and 97b are polarized in opposite directions of ar-
rows M and M’ for every quarter of the wavelength.
The piezoelectric members 97a and 97b are spaced apart
or staggered center-to-center by a distance correspond-
ing to 1 plus n/2 (n being an integral number) of the
wavelength.

FIG. 18 shows further modification of the embodi-
ment of FIG. 16. Here, two oscillators 98 and 99 are
secured to a bar-like (or plate-like) elastic member 96
via respective couplers 100 and 101. The oscillators 98
and 99 are again spaced apart center-to-center by a
distance corresponding to } plus n/2 (n being an inte-
gral number) of the wavelength. By applying high fre-
quency voltages 90 degrees out of phase with one an-
other to the respective oscillators 98 and 99, the bar-like
elastic member 96 is caused to undergo elastic oscilla-
tion to produce a uni-directional progressive wave.

While the above embodiments are concerned with
oscillators including or consisting of piezoelectric ele-
ments, these elements may be replaced with electros-
triction or magnetostriction elements.

As has been described in the foregoing in connection
with the operational principles and some preferred em-
bodiments, the motor device according to the inven-
tion, unlike the prior art motor devices of various types,
utilizes ultrasonic oscillation, i.e., a progressive wave
produced on the surface of an elastic body by a piezo-
electric, electrostriction or magnetostriction element
assembled as oscillator in or on the elastic body. More
particularly, the device makes use of a revolutionary
system of producing a progressive wave where particle
trajectories are elliptical with high oscillation energy of
an ultrasonic wave and converting the progressive
wave into rotational or translational motion of a moving
body. The motor device thus can provide high driving
torque even though it is small in size and light in weight,
and it can find very extensive applications.

What is claimed is:

1. A motor device utilizing ultrasonic oscillation
comprising:

an elastic body;

a piezoelectric [member] , electrostriction or magne-

tostriction ultrasonic oscillator comprising a plurality
of piezoelectric, electrostriction or magnetostriction
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elements [in contact with] secured to said elastic
body;

electrodes formed on said [piezoelectric] elements;

said [piezoelectric] elements being arranged at least
in first and second groups having different phases,
each group consisting of a plurality of elements the
electrodes of which [groups] are connected, re-
spectively, to first and second sources of [alternat-
ing current ) high frequency voltage, the phase of the
[ alternating current] woltage of said second source
being [displaced ninety degrees] out of phase with
respect to the phase of the [alternating current ]
voltage of said first source whereby said [piezo-
electric] elements are driven by said [alternating
currents ] high frequency voltages applied to said
electrodes to cause oscillation in said elastic body
which [produce] produces a [Rayleigh] progres-
sive wave constituted by a longitudinal wave and a
transverse wave at a surface of said elastic body;

a movable body having a mating surface in contact
with said surface of said elastic body; and

means for pressing said mating surface in forced
contact with said elastic body surface whereby said
[ Rayleigh] progressive wave acts upon said mating
movable body to cause a unidirectional motion of
said movable body with respect to said elastic
body.

2. A motor device as recited in claim 1 wherein said

elastic body is a rod-like member.

3. A motor device as recited in claim 2 wherein said

rod-like elastic body 1is ring-shaped.

4. A motor device as recited in claim 3 wherein said
[Rayleigh] progressive wave is propagated along a

lateral surface of said ring-shaped elastic body and said
movable body is a cylindrical rotor member caused to
rotate by said [Rayleigh] progressive wave.

5. A motor device as recited in claim 4 wherein said

cylindrical rotor member is formed with a toroidal

shaped rim which is held in contact with said lateral

surface of said ring-shaped elastic body.

6. A motor device as recited in claim 5 wherein said

lateral surface of said ring-shaped elastic body is planar.

7. A motor device as recited in claim 6 wherein said

cylindrical rotor member is provided with a rotatable
shaft, said rotor, said ring-shaped elastic body and said

[ piezoelectric member] elements each being disposed

coaxially with said shaft.

8. A motor device as recited in claim [5) 3 wherein

adjacent elements of each group of said [piezoelec-
tric] elements are set at a pitch corresponding to one
half the wave length of said [Rayleigh] progressive
wave and are reversely polarized with respect to each
other.

9. A motor device as recited in claim 8 wherein the
[ piezoelectric] elements of said second group are

shifted in position by an amount corresponding to a
quarter of the wave length of said [Rayleigh] progres-
sive wave with respect to the position of said first group.

10. The motor device utilizing ultrasonic oscillation

according to claim 1 or 3, in which said ultrasonic oscil-
lator is supported by a support and has a central tapered
outer periphery held pressed against the inner periphery
of said movable body or rotor, and which further com-
prises a shaft, said movable body or rotor being sup-
ported for axial movement on said shaft, and a pressure
adjustment mechanism for transmitting torque from

said movable body or rotor to said shaft.
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11. The motor device utilizing ultrasonic oscillation
according to claim 1 or 3, wherein said ultrasonic oscil-
lator includes a pair of piezoelectric, electrostriction or
magnetostriction elements assembled together with an
electrode assembly sandwiched therebetween in an
intermediate section of said elastic member.

12. The motor device utilizing ultrasonic oscillation
according to claim 3, wherein said pressure adjustment
mechanism is an automatic pressure adjustment mecha-
nism provided between said shaft and rotor and includ-
ing a pair of cams having opposed cam surfaces each
consisting of a succession of V-shaped portions and
steel balls each received in associated V-shaped por-
tions of the pair of cam surfaces.

13. The motor device utilizing ultrasonic oscillation
according to claim 3, in which said ultrasonic oscillator
includes two or more piezoelectric, electrostriction or
magnetostriction elements and has a tapered peripheral
portion, and said rotor has a peripheral portion adjacent
to an open end held pressed against said tapered periph-
eral portion of said ultrasonic oscillator, and which
further comprises a shaft penetrating a closed end of
said rotor and said ultrasonic oscillator, and a pressure
adjustment mechanism, said shaft having one end sup-
ported in a bearing through said pressure adjustment
mechanism.

14. The motor device utilizing ultrasonic oscillation
according to claim 3, wherein said piezoelectric, elec-
trostriction or magnetostriction element or elements is
or are capable of expansion and contraction in the axial
directions.

15. The motor device utilizing ultrasonic oscillation
according to claim 3, wherein said ultrasonic oscillator
further includes an electrode assembly provided on said
[ electrostatic] piezoelectric, electrostriction or magne-
tostriction element or elements, said electrode assembly
having two or more electrode pairs arranged along a
circle and each consisting of diametrically opposed
electrodes, the electrodes in each said pair being con-
nected to [each] an independent terminal, diametri-
cally opposed portions of said piezoelectric, electros-
triction or magnetostriction elements being thereby
capable of being expanded and contracted respectively
Or VICe versa.

16. The motor device utilizing ultrasonic oscillation
according to claim 3, wherein a central portion of said
ultrasonic oscillator is held in contact with a corre-
sponding inner peripheral portion of said rotor.

17. The motor device utilizing ultrasonic oscillation
according to claim 1 or 2, in which said ultrasonic oscil-
lator is a ring-like oscillator supported by a support and
having a tapered inner periphery the outer periphery of
said ring-like oscillator being constituted by a piezoelec-
tric, electrostriction or magnetostriction element, and
said movable body is a cylindrical rotor having an outer
periphery held pressed against said tapered inner pe-
riphery of said ring-like oscillator, and which further
comprises a shaft, said rotor being supported for axial
movement on said shaft, and a pressure adjustment
mechanism for transmitting torque from said rotor to
said shaft.

18. The motor device according to claim 17, wherein
the outer periphery of said ring-like oscillator is consti-
tuted by a circumferentially polarized piezoelectric,
electrostriction or magnetostriction element.

19. The motor device utilizing ultrasonic oscillation
Faccoring] according to claim 17, wherein said pres-
sure adjustment mechanism is provided between said
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shaft and said rotor and has a cam and plurality of steel
balls.

20. The motor device utilizing ultrasonic oscillation
according to claim 1, wherein said movable body is a
plate-like member movable in a fixed direction, and said
ultrasonic oscillator includes one or more elastic mem-
bers held pressed against said plate-like member and one
or more piezoelectric, electrostriction or magnetostric-
tion elements secured to said elastic member or mem-
bers [and connected to two or more distinct circuits],
high frequency voltages having different phases being
applied to [said] respective [distinct circuits] ele-
ments to utilize a progressive wave produced on the
surface of said elastic member or members and consti-
tuted by a longitudinal wave and a transverse wave for
causing translational motion of said plate-like member
in said fixed direction.

21. The motor device utilizing ultrasonic oscillation
according to claim 1, wherein said ultrasonic oscillator
includes a bar-like elastic member and one or more
piezoelectric, electrostriction or magnetostriction ele-
ments secured to said bar-like elastic member [and
connected to two or more distinct circuits], and said
movable member is a plate-like member held pressed
against another portion of said bar-like elastic member
than the portion to which said piezoelectric, electros-
triction or magnetostriction element or elements is or
are secured, high frequency voltages of different phases
being applied to [said] respective [distinct circuits
elements to generate a progressive wave constituted by
a longitudinal wave and a transverse wave on the sur-
face of said bar-like elastic member, said progressive
wave being converted to a uni-directional motion of
said plate-like member.

22. The motor device utilizing ultrasonic oscillation
according to claim 21, wherein said bar-like elastic
member 18 endless.

23. The motor device utilizing ultrasonic oscillation
according to claim 1 or 2, wherein said ultrasonic oscil-
lator includes two bar-like elastic members secured to
each other by coupler means and a plurality of piezoe-
lectic, electrostriction or magnetostriction elements
secured to one of said bar-like elastic members, and said
movable body is a plate-like member held pressed
against the other one of said bar-like elastic members, a
progressive wave generated on the surface of said bar-
like elastic members and constituted by a longitudinal
wave and a transverse wave being converted to a uni-
directional motion of said plate-like member.

24. The motor device utilizing ultrasonic oscillation
according to claim 1 or 2, wherein said ultrasonic oscil-
lator includes two bar-like elastic members secured to
each other by resonator means and a plurality of piezo-
electric, electrostriction or magnetostriction elements
secured to one of said bar-like elastic members, and said
[mavable] movable body is a plate-like member held
pressed against the other one of said bar-like elastic
I member] members, a progressive wave generated on
the surface of said bar-like elastic member and consti-
tuted by a longitudinal wave and a transverse wave
being converted to uni-directional motion of said plate-
like member.

25. The motor device utilizing ultrasonic oscillation
according to claim 1 or 2, wherein said movable body 1s
a plate-like member, and said ultrasonic oscillator in-
cludes a bar-like elastic member, said plate-like member
and said one or more piezoelectric, electrostriction or
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magnetostriction elements being arranged on said bar-
like elastic member.

26. The motor device utilizing ultrasonic oscillation
according to claim 21, wherein said ultrasonic oscillator
includes a plurality of piezoelectric, electrostriction or
magnetostriction elements secured to one surface of
said bar-like elastic member and polarized in a distinct
manner for every quarter of the wavelength of a pro-
gressive wave generated on the surface of said bar-like
elastic member with elastic oscillation thereof.

27. The motor device utilizing [elastic] ultrasonic
oscillation according to claim 21, wherein said ultra-
sonic oscillator includes a plurality of piezoelectric,
electrostriction or magnetostriction elements secured to
one surface of said bar-like elastic member and polar-
ized in a distinct manner for every one half of the wave-
length of a progressive wave generated on the surface
of said bar-like elastic member with elastic oscillation
thereof, said piezoelectric, electrostriction or magneto-
striction elements being arranged with a center-to-cen-
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ter interval corresponding to } plus n/2 of the wave-
length.

28. The motor device utilizing ultrasonic oscillation
according to claim 21, wherein said ultrasonic oscillator
includes a plurality of piezoelectric, electrostriction or
[magnetrostriction] magnetostriction elements secured
to one surface of said bar-like elastic member through
respective couplers and arranged with a center-to-cen-
ter interval corresponding to § plus n/2 of the wave-
length of a [progrressive] progressive wave generated
on the surface of said bar-like member with elastic oscil-
lation thereof.

29. The motor device utilizing ultrasonic oscillation
according to claim 1, wherein said ultrasonic oscillator
includes an endless elastic member and a plurality of
piezoelectric, electrostriction of magnetostriction ele-
ments secured to the surface of said endless elastic mem-
ber, a progressive wave produced on said endless elastic
member with elastic oscillation thereof and constituted
by a longitudinal wave and a transverse wave being
converted into a uni-directional motion of said movable

body.
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