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(57) Abstract: An oscillatory wave drive unit includes at least one vibrator having an electromechanical energy converting ele-
ment (11), and at least one supporting member (14) contigured to support the at least one vibrator. The oscillatory wave drive unit
excites oscillation in the at least one vibrator and moves a moving body (5) in contact with the at least one vibrator by frictional
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second direction (Y) intersecting with a first direction (X) in which the at least one vibrator drives the moving body.
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Description

Title of Invention: OSCILLATORY WAVE DRIVE UNIT AND
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[0002]

[0003]

[0004]

[0005]

[0006]

IMAGE STABILIZATION DEVICE
Technical Field

The present invention relates to an oscillatory wave drive unit and an image stabi-
lization device including the same.
Background Art

Many oscillatory wave drive units have been proposed that excite oscillation in a
vibrator and move a moving body pressed against the vibrator. These are positioned as
important functional components in optical instruments that must operate particularly
precisely. PTL 1 and PTL 2 disclose combining a plurality of straight-type oscillatory
wave drive units that can each move a moving body linearly, to move a moving body
in two-dimensional directions for use as an image stabilization device.

However, combining a plurality of oscillatory wave drive units has the following
serious problem to be solved. When a moving body is moved in some directions, the
moving direction of the moving body and the driving direction of some of the plurality
of oscillatory wave drive units intersect at right angles or at close to right angles. In
this case, the oscillatory wave drive units the driving direction of which intersects with
the moving direction at right angles or at close to right angles cannot contribute to
driving. The frictional force due to the contact between the moving body and the os-
cillatory wave drive units interferes with the movement of the moving body and causes
energy loss and therefore power loss. When the combination of oscillatory wave drive
units is used as a drive unit for an image stabilization device, the properties of the
image stabilization device are decreased.

To solve such a problem, PTL 1 and PTL 2 disclose exciting oscillation in oscillatory
wave drive units in the direction in which the oscillatory wave drive units are pressed

against a moving body, to reduce frictional force and to reduce power loss.
Citation List
Patent Literature

PTL 1: Japanese Patent Laid-Open No. 2009-031353
PTL 2: U.S. Patent No. 6,539,174

Summary of Invention
Technical Problem

The above-described method for reducing power loss in oscillatory wave drive units

or an image stabilization device can reduce power loss but requires electric energy in
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order to excite oscillation in oscillatory wave drive units that do not contribute to the
movement of the moving body, and therefore power consumption increases. In
addition, the amplitude of oscillation in the direction in which the oscillatory wave
drive units are pressed against the moving body needs to be a certain value or more in
order to effectively reduce power loss. For this reason, it is necessary to generate 0s-
cillation having an amplitude of a certain value or more, and power consumption

increases.
The present invention provides an oscillatory wave drive unit and an image stabi-

lization device that can reduce power loss without increasing power consumption.

In an aspect of the present invention, an oscillatory wave drive unit includes at least
one vibrator having an electromechanical energy converting element, and at least one
supporting member configured to support the at least one vibrator. The oscillatory
wave drive unit excites oscillation in the at least one vibrator and moves a moving
body in contact with the at least one vibrator by frictional force. The oscillatory wave
drive unit includes at least one moving mechanism configured to support the at least
one vibrator movably in a plane parallel to the plane where the at least one vibrator and
the moving body are in contact with each other, in a second direction intersecting with
a first direction in which the at least one vibrator drives the moving body.
Advantageous Effects of Invention

According to the present invention, an oscillatory wave drive unit has a mechanism
that when a force acts on a vibrator in a direction different from the driving direction,
moves the vibrator in the direction in which the force acts. Therefore, power loss can
be reduced without increasing power consumption of an oscillatory wave drive unit

and an image stabilization device.

Brief Description of Drawings

[fig.1]Fig. 1 is a perspective view of an oscillatory wave drive unit according to a first
embodiment.

[fig.2]Fig. 2 illustrates the arrangement of a moving body and oscillatory wave drive
units according to the first embodiment.

[fig.3]Fig. 3 is a sectional view of a camera as an imaging apparatus according to the
first embodiment.

[fig.4A]Fig. 4A illustrates an oscillation mode of a vibrator.

[fig.4B]Fig. 4B illustrates another oscillation mode of the vibrator.

[fig.5A]Fig. 5A is a perspective view of an oscillatory wave drive unit according to a
second embodiment.

[fig.5B]Fig. 5B is another perspective view of the oscillatory wave drive unit

according to the second embodiment.
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[fig.6]Fig. 6 is a perspective view of an oscillatory wave drive unit according to a third
embodiment.
[fig.7A]Fig. 7A is a perspective view of an oscillatory wave drive unit according to a
fourth embodiment.
[fig.7B]Fig. 7B is another perspective view of the oscillatory wave drive unit
according to the fourth embodiment.
[fig.8A]Fig. 8A is a perspective view of an oscillatory wave drive unit according to a
fifth embodiment.
[fig.8B]Fig. 8B is another perspective view of the oscillatory wave drive unit
according to the fifth embodiment.
[fig.9A]Fig. 9A is a perspective view of an oscillatory wave drive unit according to a
sixth embodiment.
[fig.9B]Fig. 9B is another perspective view of the oscillatory wave drive unit
according to the sixth embodiment.
[fig. 10A]Fig. 10A is a perspective view of an oscillatory wave drive unit according to
an eighth embodiment.
[fig. 10B]Fig. 10B is another perspective view of the oscillatory wave drive unit
according to the eighth embodiment.
[fig. 11A]Fig. 11A is a perspective view of another oscillatory wave drive unit
according to the eighth embodiment.
[fig.11B]Fig. 11B is another perspective view of the other oscillatory wave drive unit
according to the eighth embodiment.
[fig.12]Fig. 12 illustrates the arrangement of a moving body and oscillatory wave drive
units according to a seventh embodiment.
Description of Embodiments

Embodiments of the present invention will now be described. In an aspect of the
present invention, an oscillatory wave drive unit includes at least one vibrator having
an electromechanical energy converting element, and at least one supporting member
configured to support the at least one vibrator. The oscillatory wave drive unit excites
oscillation in the at least one vibrator and moves a moving body in contact with the at
least one vibrator by frictional force. The oscillatory wave drive unit includes at least
one moving mechanism configured to support the at least one vibrator movably in a
plane parallel to the plane where the at least one vibrator and the moving body are in
contact with each other, in a second direction intersecting with a first direction in
which the at least one vibrator drives the moving body.

In the present invention, "the plane where the at least one vibrator and the moving

body are in contact with each other" means an imaginary plane including a plurality of
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contact points where the at least one vibrator and the moving body are in contact with
each other. "A plane parallel to the plane where the at least one vibrator and the
moving body are in contact with each other" means an imaginary plane parallel to "the
plane where the at least one vibrator and the moving body are in contact with each
other," and there are myriad such planes. These planes define a first direction and a
second direction that are directions for defining the moving direction of the moving
mechanism of the present invention. In the present invention, the first direction is a
direction in which the vibrator moves the moving body, and is also referred to as
driving direction. In the present invention, the second direction is a direction in which
the vibrator can move owing to the moving mechanism of the present invention, and is
also referred to as "dodging direction.” When a force acts on the vibrator in a direction
intersecting with the original moving direction of the moving body, the vibrator moves
without resisting the force (dodges) in the second direction. The moving mechanism of
the present invention is characterized in that it can support the vibrator movably in the
second direction defined by the above configuration.

In the present invention, in order to support the vibrator movably only in the second
direction (substantially immovably in the first direction) (as the moving mechanism of
the present invention), a guide member can be provided that can move only in the
second direction. Alternatively, the vibrator can be supported by an elastic member
(typically a spring member) that can be easily displaced only in a certain direction.

In the present invention, a state where "a second direction intersecting with the first
direction" exists means a state where a component in a direction different from the
moving direction (first direction) exists (a force moving in a direction different from
the first direction is generated). Such a state where a force moving in a direction
different from the moving direction is acting causes power loss as described above.
When the angle at which the first direction and the second direction intersect is 90
degrees angle, power loss is most likely to be caused. Even if the angle at which the
first direction and the second direction intersect is very small, power loss according to
the angle can be caused.

The vibrator of the present invention is composed of an oscillating plate (also
referred to as oscillating body) and an electromechanical energy converting element
(typically a piezoelectric ceramics). By applying a predetermined electric field to the
electromechanical energy converting element, a desired oscillation can be excited.

In the present invention, a straight-type oscillatory wave drive unit means an os-
cillatory wave drive unit that can drive linearly, and is also referred to as linear-type
oscillatory wave drive unit. A single straight-type oscillatory wave drive unit moves a
moving body (also referred to as driven body) linearly. By combining a plurality of

straight-type oscillatory wave drive units, a moving body can be moved (or relatively
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moved) in a desired direction.

Embodiments of the present invention will be described. The present invention is not
limited to the embodiments. The term "direction" in each embodiment means a
direction in "a plane parallel to the plane where the at least one vibrator and the
moving body are in contact with each other."

First Embodiment

Fig. 3 is a sectional view of a camera as an imaging apparatus according to a first
embodiment of the present invention. The camera of Fig. 3 can take moving and still
pictures. Reference numeral 1 denotes a lens barrel, and reference numeral 2 denotes a
camera body. Reference numeral 3 denotes an image stabilization device built in the
lens barrel 1. The unit 3 includes an optical lens 4, a moving body 5 holding the optical
lens 4, oscillatory wave drive units 6 that move the moving body 5.

Although not shown in Fig. 3, the lens barrel 1 is provided with an optical system
other than the optical lens 4, an acceleration sensor that detects a shake of the lens
barrel 1, an encoder that detects the two-dimensional movement of the moving body.
The lens barrel 1 is further provided with a power source that supplies electric energy
to the oscillatory wave drive units 6, and a control unit that processes a signal output
from the acceleration sensor and a signal output from the encoder and operates the
power source.

The camera body 2 has an image sensor 7 therein. Light from an object passes
through an optical system including the optical lens 4 in the lens barrel 1 and is
incident on the image sensor 7 in the camera body 2. By moving the optical lens 4 with
the oscillatory wave drive units 6 on the basis of the signal from the acceleration
sensor, the image can be stabilized.

Fig. 2 illustrates the arrangement of the moving body 5 and the oscillatory wave
drive units 6 as viewed from the image sensor 7 side. The moving body 5 is made of
heat-treated stainless steel having a high resistance to abrasion and has an annular
shape. The moving body 5 holds the optical lens 4 for image stabilization in the central
part thereof. The oscillatory wave drive units 6 are disposed, avoiding the optical lens
4 in the radial direction, so as not to interfere with the optical path. Four oscillatory
wave drive units 6 (6A, 6B, 6C, and 6D) are disposed at regular intervals in the cir-
cumferential direction.

The oscillatory wave drive units 6 are capable of straight forward and backward
driving. The driving direction of each oscillatory wave drive unit is shown by arrow 8.
The driving direction of the oscillatory wave drive units 6A and 6C is the X direction
in the figure. The driving direction of the oscillatory wave drive units 6B and 6D is the
Y direction in the figure. The arrangement of the oscillatory wave drive units 6 is such

that the driving directions thereof intersect at right angles. By combining these os-



WO 2012/026079 PCT/JP2011/004528

[0023]

[0024]

[0025]

cillatory wave drive units 6, the moving body 5 can be moved two-dimensionally in
the XY plane. In this embodiment, the moving body 5 can be moved two-di-
mensionally by oscillatory wave drive units 6 whose driving directions intersect at
right angles. However, the moving body 5 can be moved two-dimensionally as long as
oscillatory wave drive units 6 are arranged such that the driving directions thereof
intersect.

Fig. 1 is a perspective view of an oscillatory wave drive unit 6 of the present
invention. The coordinate system in the figure is a right-handed rectangular coordinate
system. Reference numeral 9 denotes a rectangular plate-like vibrator. The vibrator 9 is
composed of an oscillating plate 10 having two protrusions 12, and a piezoelectric
ceramics 11 that is an electromechanical energy converting element fixed to the os-
cillating plate 10. The oscillating plate 10 includes beam portions and vibrator securing
portions 13. The two protrusions 12 are arranged in the longitudinal direction of the
vibrator 9.

Reference numeral 14 denotes sleeves fixed to the vibrator securing portions 13, and
reference numeral 15 denotes bars whose ends are secured to the lens barrel 1. The
sleeves 14 have holes, through which the bars 15 passes. The combination of the
sleeves 14 and the bars 15 forms a guide member. A guide member in the present
invention means a member that permits movement in a particular direction and
prevents movement in the other directions. The vibrator 9 is movable in the lon-
gitudinal direction of the bars 15. Grease is applied to the contact surfaces of the
sleeves 14 and the bars 15, so that sliding resistance is extremely small. The upper
surfaces of the protrusions 12 are in contact with the moving body 5. The protrusions
12 are pressed by a coil spring (not shown) toward the moving body 5. Thus, the pro-
trusions 12 are pressed against the moving body 5.

An alternating voltage is applied to the piezoelectric ceramics 11 from the power
source to excite oscillation in two oscillation modes in the vibrator 9. Figs. 4A and 4B
show two oscillation modes. The oscillation mode of Fig. 4A is called A-mode. The
oscillation mode of Fig. 4B is called B-mode. The oscillation mode shown in Fig. 4A
is an oscillation mode (A-mode) in which the upper surfaces of the protrusions 12
oscillate in the longitudinal direction of the vibrator 9 (also referred to as conveying
direction: X direction in the figure). The oscillation mode shown in Fig. 4B is an os-
cillation mode (B-mode) in which the upper surfaces of the protrusions 12 oscillate in
the direction of contact with the moving body 5 (also referred to as lifting direction).
The alternating voltage is set so that oscillations in these two oscillation modes are
excited at a time phase difference of substantially 90 degrees angle. The term "sub-
stantially 90 degrees angle" means that when the angle is not strictly 90 degrees angle,

it is tolerated as long as necessary oscillations are combined. The term "substantially”
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in the present invention has the same meaning. Thus, the upper surfaces of the pro-
trusions 12 move along elliptic loci and move the moving body 5 in contact therewith
in one direction, the X direction in Fig. 4A. When the phase difference between os-
cillations in the two oscillation modes is -90 degrees angle, the moving body 5 can be
moved in the opposite direction.

These moving directions are the driving direction (Y direction: first direction) of the
oscillatory wave drive units 6 shown by arrows 8 in Fig. 2. In this embodiment, the os-
cillatory wave drive units 6 each have a guide member composed of sleeves 14 and
bars 15, in a direction (second direction) perpendicular to the driving direction (first
direction). Thus, when the moving body 5 moves in the X direction (second direction),
the oscillatory wave drive units 6B and 6D move (are supported movably) in the X
direction together with the movement of the moving body 5. The movement in the X
direction is not prevented, and the resistance is substantially negligible. Thus, the force
acting from the oscillatory wave drive units 6B and 6D on the moving body 5 can be
eliminated almost completely, the movement of the moving body 5 is not interfered
with, and almost no power loss is caused.

In the present invention, it is not necessary to excite oscillation in the mode
(A-mode) of Fig. 4A in the oscillatory wave drive units 6B and 6D, and the voltage
applied to the electromechanical energy converting element 11 can be reduced. The
power used for this can be saved. When the voltage applied to the electromechanical
energy converting element 11 is zero, the power consumption reduction effect is most
pronounced.

Referring to Fig. 2, in this embodiment, when the moving body 5 is driven in the Y
direction (first direction for the oscillatory wave drive units 6B and 6D), the oscillatory
wave drive units 6A and 6C are moved in the Y direction (second direction for the os-
cillatory wave drive units 6A and 6C). Similarly, when the moving body 5 is driven in
the X direction (first direction for the oscillatory wave drive units 6A and 6C), the os-
cillatory wave drive units 6B and 6D are moved in the X direction (second direction
for the oscillatory wave drive units 6B and 6D). When the X direction and the Y
direction intersect at an angle other than 90 degrees angle, in any of the oscillatory
wave drive units 6 (6A, 6B, 6C, and 6D), the driving direction intersects the moving
direction of the moving body 5, and therefore a frictional force component in a
direction perpendicular to the driving direction is generated. Even in such a case,
according to the present invention, power loss due to the frictional force between the
moving body 5 and the oscillatory wave drive units 6 can be reduced.

In this embodiment, the moving body is moved two-dimensionally using only the os-
cillatory wave drive units 6. However, some of them may be replaced with an electro-

magnetic motor that does not use contact. For example, when an electromagnetic
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motor and an oscillatory wave drive unit 6 are disposed such that the driving directions
thereof differ from each other, the moving body 5 can be moved in the two-di-
mensional directions.

In this embodiment, an image stabilization device 3 is built in a lens barrel 1.
However, the image stabilization device 3 may be built in the camera body 2. When
the image sensor in the camera body is moved, the same advantageous effect as in this
embodiment can be obtained. When the shape and the oscillation mode of the vibrator
9 are different from those in this embodiment, the advantageous effect of the present
invention can be obtained.

Problems in the case where the related art is used in this embodiment will be
described with reference to Fig. 2. For example, in the case where an image is moved
in the X direction (second direction) and the moving body 5 is moved in the X
direction so as to offset it, the oscillatory wave drive units 6B and 6D do not contribute
to the driving because the driving direction thereof is the Y direction. In addition,
because the oscillatory wave drive units 6B and 6D are pressed against the moving
body 5, frictional force is generated therebetween and prevents the moving body 5
from moving in the X direction. In order to reduce the degree of this prevention, an os-
cillation in the oscillation mode shown in Fig. 4B is excited in which the upper
surfaces of the protrusions 12 oscillate in the direction of contact with the moving body
5. However, in order to sufficiently reduce the frictional force, a large amplitude os-
cillation is required. In order to generate a large amplitude oscillation, a large amount
of power is required.

Second Embodiment

Fig. 5A is a perspective view of an oscillatory wave drive unit according to another
embodiment of the present invention as viewed from the protrusions 12 side. Fig. 5B is
a perspective view of the oscillatory wave drive unit as viewed from the side opposite
to the protrusions 12. The coordinate system in the figures is a right-handed
rectangular coordinate system. A description will be given with reference to the two
figures.

This embodiment differs from the first embodiment in the configuration of the
vibrator and the securing portion, and the configuration for holding the vibrator. A
holder 20 is coupled to securing portions 13 of a vibrator 9 and has a square frame-like
shape. A spring 17 that is an elastic member is attached to the holder 20. The holder 20
holds a magnet 16 in a space between the vibrator 9 and the spring 17.

The spring 17 is made by pressing a sheet of stainless steel spring material. However,
the configuration of springs usable in the present invention is not limited to this. The
spring 17 includes a part secured to the holder 20 and extending in the X direction in

the figure, a spring deforming in the Y direction (hereinafter referred to as "Y-
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deforming spring") 18 extending from the part in the Z direction in the figure, and a
securing portion 19 at the end of the Y-deforming spring 18. The securing portion 19 is
secured to a lens barrel 1 (not shown). The thickness direction of the Y-deforming
spring 18 is the Y direction in the figure. The Y-deforming spring 18 has low spring
stiffness in the Y direction (second direction) and high spring stiffness in the X
direction (first direction).

When a moving body 5 (not shown) made of a magnetic material is brought into
contact with the protrusions 12, the vibrator 9 is pressed against the moving body 5 by
the magnet 16. As in the first embodiment, by applying a predetermined alternating
voltage to a piezoelectric ceramics 11, the moving body 5 can be driven in the X
direction (first direction). When the moving body 5 is moved by another actuator in the
Y direction (second direction), the Y-deforming spring 18 bends in the Y direction
because it has low spring stiffness in the Y direction, and the vibrator 9 moves in the Y
direction. At this time, the force in the Y direction given from the vibrator 9 to the
moving body 5 is the product of the amount of movement in the Y direction of the
vibrator 9 and the spring stiffness in the Y direction of the Y-deforming spring 18. By
reducing the thickness or width of the Y-deforming spring 18 or using a spring having
low spring stiffness, the spring stiffness can be easily reduced, and the force preventing
the moving body 5 from moving in the Y direction can be reduced. In the X direction,
or the driving direction of the oscillatory wave drive unit, the spring stiffness of the Y-
deforming spring 18 is high. Therefore, the moving body 5 can be driven in the X
direction with small loss of force. In the first embodiment, a guide member is used,
whereas in this embodiment, a leaf spring is used, and the advantageous effect of the
present invention can be obtained with a simpler structure.

Third Embodiment

Fig. 6 is a perspective view of an oscillatory wave drive unit according to another
embodiment of the present invention as viewed from the side opposite to the pro-
trusions 12. The coordinate system in the figure is a right-handed rectangular co-
ordinate system.

This embodiment differs from the second embodiment in that a spring 17 includes
two Y-deforming springs 18 in the Y direction (second direction) in the figure, and two
securing portions 19 at the ends the Y-deforming springs 18. The two securing portions
19 are secured to a lens barrel 1 (not shown). This configuration is, elastically, a
parallel crank mechanism in the Y direction (second direction). When the vibrator 9 is
subjected to a force in the Y direction from the moving body 5, the vibrator 9 is not
prone to rotary motion in the XZ plane and moves mainly in the Y direction. In this
embodiment, as in the second embodiment, the thickness direction of the Y-deforming

springs 18 is the Y direction (second direction) in the figure. The Y-deforming springs



10

WO 2012/026079 PCT/JP2011/004528

[0038]

[0039]

[0040]

[0041]

[0042]

18 have low spring stiffness in the Y direction. Thus, the force preventing the moving
body 5 from moving in the Y direction can be reduced. In the X direction (first
direction), the spring stiffness is high. Therefore, the moving body 5 can be driven in
the X direction with small loss of force.

When the moving body 5 is moved by another actuator and the vibrator 9 moves in
the Y direction, due to the elastic parallel crank mechanism, the vibrator 9 is not prone
to rotary motion in the XZ plane. Thus, the amount of inclination of the protrusions 12
of the vibrator 9 to the moving body 5 is reduced, and the contact between the pro-
trusions 12 and the moving body 5 can be stabilized.

Fourth Embodiment

Fig. 7A is a perspective view of an oscillatory wave drive unit according to another
embodiment of the present invention as viewed from the protrusions 12 side. Fig. 7B is
a perspective view of the oscillatory wave drive unit as viewed from the side opposite
to the protrusions 12. The coordinate system in the figures is a right-handed
rectangular coordinate system. A description will be given with reference to the two
figures.

This embodiment differs from the second embodiment in that the longitudinal
direction of the Y-deforming spring 18 and the retaining portion 19 of the spring 17 is
the driving direction of the oscillatory wave drive unit, or the X direction (first
direction). The thickness direction of the Y-deforming spring 18 is, as in the second
embodiment, the Y direction (second direction) in the figure perpendicular to the
driving direction of the oscillatory wave drive unit.

In this embodiment, as in the second embodiment, the thickness direction of the Y-
deforming spring 18 is the Y direction in the figure, and the spring stiffness is low in
the Y direction. Thus, the force preventing the moving body 5 from moving in the Y
direction can be reduced. In the X direction, the spring stiffness is high. Therefore, the
moving body 5 can be driven in the X direction with small loss of force. In this em-
bodiment, the longitudinal direction of the spring 17 is the X direction, and therefore
the height of the oscillatory wave drive unit can be reduced.

Fifth Embodiment

Fig. 8A is a perspective view of an oscillatory wave drive unit according to another
embodiment of the present invention as viewed from the protrusions 12 side. Fig. 8B is
a perspective view of the oscillatory wave drive unit as viewed from the side opposite
to the protrusions 12. The coordinate system in the figures is a right-handed
rectangular coordinate system. A description will be given with reference to the two
figures. This embodiment differs from the fourth embodiment in that a spring 17

includes two Y-deforming springs 18 and two securing portions 19 disposed in the
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driving direction of the oscillatory wave drive unit, or the X direction. The thickness
direction of the Y-deforming springs 18 is, as in the fourth embodiment, the Y
direction (second direction) in the figure perpendicular to the driving direction (first
direction) of the oscillatory wave drive unit.

In this embodiment, as in the fourth embodiment, the thickness direction of the Y-
deforming springs 18 is the Y direction in the figure, and the spring stiffness is low in
the Y direction (second direction). Thus, the force preventing the moving body 5 from
moving in the Y direction can be reduced. In the X direction (first direction), the spring
stiffness is high. Therefore, the moving body 5 can be driven in the X direction with
small loss of force.

When the moving body 5 is moved by another actuator and the vibrator 9 moves in
the Y direction, the stiffness to the rotation in the XY plane is high, and rotary motion
in this plane is not prone to occur. Thus, the amount of rotation of the driving direction
of the oscillatory wave drive unit in the XY plane can be reduced.

Sixth Embodiment

Fig. 9A is a perspective view of an oscillatory wave drive unit according to another
embodiment of the present invention as viewed from the protrusions 12 side. Fig. 9B is
a perspective view of the oscillatory wave drive unit as viewed from the side opposite
to the protrusions 12. The coordinate system in the figures is a right-handed
rectangular coordinate system. A description will be given with reference to the two
figures. This embodiment differs from the fifth embodiment in that a spring 17
includes two Y-deforming springs 18 disposed in the Y direction in the figure per-
pendicular to the driving direction of the oscillatory wave drive unit. When two Y-
deforming springs 18 are disposed in the driving direction (X direction) as in the fifth
embodiment, and when the vibrator 9 moves significantly in the Y direction (second
direction), the Y-deforming springs 18 are pulled in the longitudinal direction. This
prevents the vibrator 9 from moving in the Y direction. When movement of a certain
amount or more is required, the movement of the moving body 5 in the Y direction
may be limited. In contrast, in this embodiment, two Y-deforming springs 18 are
disposed in the Y direction. Even if the vibrator 9 moves significantly in the Y
direction (second direction), the Y-deforming springs 18 keep the state of bending de-
formation, and the Y-deforming springs 18 can be prevented from being pulled in the
longitudinal direction.

The spring 17 of this embodiment includes a buffer portion 21. The thickness
direction of the buffer portion 21 is the Z direction, and the longitudinal direction of
the buffer portion 21 is the X direction. The buffer portion 21 has such a configuration
that the rotary motion in the YZ plane and the XZ plane and the translation motion in

the Z direction of the vibrator 9 tend to occur. Even if there are errors in the position of
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the oscillatory wave drive unit secured to a moving body 5 (not shown) in these di-
rections, the upper surfaces of the protrusions 12 can easily follow the surface of the
moving body 5.

The thickness direction of the Y-deforming springs 18 is, as in the fifth embodiment,
the Y direction in the figure perpendicular to the driving direction (first direction) of
the oscillatory wave drive unit. In this embodiment, as in the fifth embodiment, the
thickness direction of the Y-deforming springs 18 is the Y direction in the figure, and
the spring stiffness is low in the Y direction. Thus, the force preventing the moving
body 5 from moving in the Y direction can be reduced. In the X direction (first
direction), the spring stiffness is high. Therefore, the moving body 5 can be driven in
the X direction with small loss of force.

Seventh Embodiment

This embodiment differs from the first embodiment in that this embodiment has
limiting members 24. A description will be given with reference to Fig. 12. Fig. 12
shows the arrangement of a moving body 5 and oscillatory wave drive units 6 as
viewed from the image sensor 7 side.

Limiting members 24 have a shape of a rectangular solid and are fixed to the moving
body 5. The sleeves 14 to which the vibrator 9 of each of the oscillatory wave drive
units 6 (6A, 6B, 6C, and 6D) is fixed are between two limiting members 24 disposed in
the direction (second direction) perpendicular to the driving direction 8 (first
direction). In the oscillatory wave drive unit 6A, the side surfaces along the X direction
of the sleeves 14 and the side surfaces along the X direction of the limiting members
24 form a guide in the X direction. This guide permits the movement of the vibrator 9
and the sleeves 14 relative to the moving body 5 in the driving direction 8 (X direction)
and limits the amount of movement of the vibrator 9 and the sleeves 14 relative to the
moving body 5 in the Y direction perpendicular to the driving direction 8 (X direction).
In the other oscillatory wave drive units (6B, 6C, and 6D), as in the oscillatory wave
drive unit 6A, the movement of the vibrator 9 and the sleeves 14 relative to the moving
body 5 in the driving direction 8 is permitted, and the amount of movement of the
vibrator 9 and the sleeves 14 relative to the moving body 5 in the direction per-
pendicular to the driving direction 8 is limited.

The advantageous effect of the limiting members 24 will be described. The driving
direction of the oscillatory wave drive unit 6A is the X direction. Normally, the relative
movement between the moving body 5 and the vibrator 9 in the Y direction does not
occur. In this case, when a desired amount of movement is given to the moving body 5,
the amount of movement of the vibrator 9 relative to the bars 15 is equal to the desired
amount of movement of the moving body 5.

However, misalignment of the driving direction due to mounting errors or the like, or
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disturbance can cause relative movement between the moving body 5 and the vibrator
9 due to a slip in the Y direction. In this case, the amount of movement of the vibrator
9 and the sleeves 14 relative to the bars 15 in the Y direction is the sum of the desired
amount of movement of the moving body 5 and the amount of relative movement
between the moving body 5 and the vibrator 9 due to a slip.

If this relative movement due to a slip occurs repeatedly, the amount of relative
movement between the moving body 5 and the vibrator 9 and the sleeves 14 in the Y
direction may increase. If the amount of relative movement is too large, the end of the
guide member composed of the sleeves 14 and the bars 15 is reached, and an unwanted
force changing the attitude acts on the vibrator 9. This causes a problem such as
unstable contact between the moving body 5 and the vibrator 9.

In this embodiment, the amount of relative movement between the vibrator 9 and the
sleeves 14 and the moving body 5 in the Y direction is limited by the limiting members
24. Thus, the amount of movement of the vibrator 9 and the sleeve 14 relative to the
bars 15 can be limited, and the above problem can be prevented.

In the other oscillatory wave drive units (6B, 6C, and 6D), the same advantageous
effect can be obtained. In the oscillatory wave drive units 6 including a Y-deforming
spring 18 or Y-deforming springs 18 described in the second to sixth embodiments, the
limiting members 24 are also effective.

A description will be given of a case where the side surfaces of the limiting members
24 and the side surfaces of the holder 20 to which the vibrator 9 is fixed form a guide
in the direction perpendicular to the driving direction. When a desired amount of
movement is given to the moving body 5, a displacement occurs in the Y-deforming
spring 18 or Y-deforming springs 18. The amount of the displacement is the sum of
this amount of movement and the amount of relative movement between the moving
body 5 and the vibrator 9 due to a slip in the Y direction. When the amount of relative
movement due to a slip is large, the deformation reaction force of the Y-deforming
spring 18 or Y-deforming springs 18 is large, and the force preventing the moving
body 5 from moving in the Y direction is large. If the Y-deforming spring 18 or Y-
deforming springs 18 are subjected to plastic deformation, the force preventing the
moving body 5 from moving in the Y direction is further increased by work hardening.

When the amount of movement of the vibrator 9 relative to the moving body 5 in the
Y direction is limited by limiting members 24 as in this embodiment, the deformation
of the Y-deforming spring 18 or Y-deforming springs 18 can be reduced. In this em-
bodiment, examples of mechanisms limiting the amount of movement of the vibrator 9
relative to the moving body 5 in the direction perpendicular to the driving direction
include not only a configuration composed of limiting members 24 and sleeves 14, and

a configuration composed of limiting members 24 and a holder 20 described above but
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also other configurations such as a configuration composed of bars and sleeves. The
moving body 5 may be provided with grooves along the driving directions of the os-
cillatory wave drive units 6, and each groove and the side surfaces of the protrusions
12 of the corresponding vibrator 9 may form a slide guide. The configuration of the
limiting mechanism is not limited as long as it can limit the amount of movement of
the vibrator 9 relative to the moving body 5 in the direction perpendicular to the
driving direction.

Eighth Embodiment

In the first to seventh embodiments, guide members or leaf springs are used.
However, there are other embodiments from which the advantageous effects of the
present invention can be obtained. For example, as shown in Figs. 10A and 10B, a
small-diameter thin round bar 22 can be disposed on the spring 17 and in the driving
direction of the oscillatory wave drive unit, or in the X direction in the figures, and
both ends of the round bar 22 can be secured to a lens barrel 1 (not shown). The co-
ordinate system in the figures is a right-handed rectangular coordinate system.

In this configuration, the vibrator 9 is prone to rotary motion about the round bar 22.
When the moving body 5 is moved by another actuator in the Y direction (second
direction), so as not to prevent the movement of the moving body 5, the vibrator 9
rotates such that the upper surfaces of the protrusions 12 move in the Y direction.

As another example, as shown in Figs. 11A and 11B, two wires 23 can be disposed
on the spring 17 and in the X direction in the figures, and both ends of the wires 23 can
be secured to a lens barrel 1 (not shown). The coordinate system in the figures is a
right-handed rectangular coordinate system. In this configuration, by regulating the
tension applied to the two wires 23, the stiffness to the movement of the vibrator 9 in
the Y direction (second direction) can be easily regulated.

Also in these examples, the vibrator 9 moves in the Y direction easily. Therefore,
when the moving body 5 is moved by another actuator in the Y direction, the vibrator 9
does not prevent the movement of the moving body 5.

In order to obtain the advantageous effects of the present invention, the protrusions
12 of the vibrator 9 in contact with the moving body 5 do not necessarily have to have
a protruding shape. The upper surfaces thereof do not necessarily have to be in contact
with the moving body 5. For example, the tips of the protrusions 12 may be chamfered,
and the chamfer may be in contact with the moving body 5. The tips of the protrusions
12 may be rounded.

The Y-deforming spring or Y-deforming springs deform mainly in the Y direction
perpendicular to the X direction in each figure. This is for illustrative purpose. When
the Y-deforming spring or Y-deforming springs mainly deform in a direction in-

tersecting with the X direction, the advantageous effect of the present invention can be
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obtained as long as there is a component moving in the Y direction when the Y-
deforming spring or Y-deforming springs deform.

[0063]  While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

[0064]  This application claims the benefit of Japanese Patent Application No. 2010-186068,
filed August 23, 2010, which is hereby incorporated by reference herein in its entirety.
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Claims

An oscillatory wave drive unit comprising:

at least one vibrator having an electromechanical energy converting
element; and

at least one supporting member configured to support the at least one
vibrator,

wherein the oscillatory wave drive unit excites oscillation in the at least
one vibrator and moves a moving body in contact with the at least one
vibrator by frictional force,

wherein the oscillatory wave drive unit comprises at least one moving
mechanism configured to support the at least one vibrator movably in a
plane parallel to the plane where the at least one vibrator and the
moving body are in contact with each other, in a second direction in-
tersecting with a first direction in which the at least one vibrator drives
the moving body.

The oscillatory wave drive unit according to Claim 1, wherein the at
least one moving mechanism includes a guide member configured to
limit the moving direction of the at least one vibrator.

The oscillatory wave drive unit according to Claim 1 or 2, wherein the
at least one moving mechanism includes an elastic member.

The oscillatory wave drive unit according to Claim 3, wherein the
spring stiffness of the elastic member in the second direction is lower
than the spring stiffness of the elastic member in the first direction of
the at least one vibrator.

The oscillatory wave drive unit according to Claim 4, wherein the
elastic member includes at least one plate portion.

The oscillatory wave drive unit according to Claim 5, wherein the
thickness direction of the at least one plate portion is the second
direction.

The oscillatory wave drive unit according to Claim 6, wherein the at
least one plate portion comprises a plurality of plate portions arranged
in the first direction.

The oscillatory wave drive unit according to Claim 6, wherein the at
least one plate portion comprises a plurality of plate portions arranged
in the second direction.

The oscillatory wave drive unit according to any one of Claims 1 to 8§,

wherein the at least one vibrator comprises a plurality of vibrators, and
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the oscillatory wave drive unit moves the moving body in contact with
the plurality of vibrators by combining the displacements or driving
forces of the plurality of vibrators.

The oscillatory wave drive unit according Claim 9, wherein the
plurality of vibrators include vibrators different in driving direction.
The oscillatory wave drive unit according to Claim 10, wherein the
plurality of vibrators include vibrators whose driving directions are per-
pendicular to each other.

The oscillatory wave drive unit according to any one of Claims 1 to 11,
further comprising a limiting mechanism configured to limit the
amount of relative movement between the at least one vibrator and the
moving body in the second direction.

An image stabilization device comprising:

the oscillatory wave drive unit according to any one of Claims 1 to 12;
an optical lens or an image sensor;

a control unit; and

a power source.
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