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(54) Linear vibration-wave motor

(57) A linear vibration-wave motor for applying a driv-
ing force to a lens barrel of an optical device includes a
vibrator being operable to excite a vibration, a member
to be contacted contacting the vibrator, the vibrator being
arranged to move in a direction of the driving force with
respect to the member to be contacted upon exciting the
vibration, a vibrator support being fixed to the lens barrel
and configured to support the vibrator, a pressurization

member being operable to press the vibrator against the
member to be contacted, a unit cover member including
an opening extending in the direction of the driving force,
and a unit base member having fixed thereto the member
to be contacted and the unit cover member. The pres-
surization member is detachable from the vibrator sup-
port via the opening.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a vibration-
wave motor and, more particularly, to a linear vibration-
wave motor unit including a linear ultrasonic motor or the
like that can be incorporated in an optical device.

Description of the Related Art

[0002] There has conventionally been known a tech-
nique of driving a sliding member by pressurizing a vi-
brator configured to vibrate periodically upon application
of a high-frequency voltage, and bringing the vibrator into
contact with the sliding member in a linear vibration-wave
motor of this type.

SUMMARY OF THE INVENTION

[0003] However, in a conventional technique disclosed
in Japanese Patent Application Laid-Open No.
2006-187114, a component is directly incorporated in the
lens barrel of an optical device. For this reason, only char-
acteristics in an actual load state can be guaranteed, and
the no-load characteristics of a linear vibration-wave mo-
tor unit and the like cannot be confirmed. A problem in
quality is highly likely to occur.
[0004] The present invention provides a stable-quality
linear vibration-wave motor whose performance as a sin-
gle item is guaranteed.
[0005] According to an aspect of the present invention,
there is provided a linear vibration-wave motor as set out
in any of accompanying claims 1 to 4.
[0006] The present invention can implement a stable-
quality linear vibration-wave motor whose performance
as a single item can be better guaranteed.
[0007] Further features of the present invention will be-
come apparent from the following description of embod-
iments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1A is a plan view showing a linear ultrasonic
motor according to the present invention.
FIG. 1B is a front view showing the linear ultrasonic
motor according to the present invention.
FIG. 2A is a sectional view taken along a line 2A -
2A in FIG. 1A.
FIG. 2B is a sectional view taken along a line 2B -
2B in FIG. 2A.
FIG. 3 is a sectional view taken along a line 3 - 3 in
FIG. 1A.
FIG. 4 is a sectional view showing the main part of

a lens barrel in which the linear ultrasonic motor ac-
cording to the present invention is incorporated.

DESCRIPTION OF THE EMBODIMENTS

[0009] Preferred embodiments of the present invention
will now be described in detail in accordance with the
accompanying drawings.
[0010] FIGS. 1A and 1B show the outer appearance
of a linear ultrasonic motor 1 as an embodiment of a linear
vibration-wave motor according to the present invention
that functions as a focus driving source for an optical
device such as the lens barrel for a lens and applies a
driving force. FIG. 1A is a plan view, and FIG. 1B is a
front view.
[0011] FIGS. 2A and 2B are sectional views showing
the main parts of the linear ultrasonic motor 1. FIG. 2A
shows a section perpendicular to the direction of the driv-
ing force to the lens barrel as a sectional view taken along
a line 2A - 2A in FIG. 1A. FIG. 2B shows a sectional view
taken along a line 2B - 2B in FIG. 2A. Members other
than a vibrator, a connecting member, a vibrator support
member, and a moving plate are not illustrated.
[0012] FIG. 3 is a sectional view showing the main part
of the linear ultrasonic motor 1. FIG. 3 shows a section
with respect to the direction of the driving force to the
lens barrel as a sectional view taken along a line 3 - 3 in
FIG. 1A.
[0013] The linear ultrasonic motor 1 comprises a vibra-
tor 101, parts 101a to be joined, a connecting member
102, a piezoelectric element 103, a member 104 to be
contacted, a vibrator support member 105, screws 106,
a pressurization plate 107 and an elastic member 108.
[0014] The vibrator 101 includes parts 101a to be
joined, pressurized contact parts 101b and a vibration
plate 101c. The parts 101a to be joined are fixed to joining
parts 102a of the connecting member 102 having a rec-
tangular frame shape by welding or the like (see FIG.
2B). Note that the shape of the connecting member 102
is not specifically limited as long as the vibrator 101 is
fixed. The piezoelectric element 103 is fixed to the vibra-
tor 101 by a well-known adhesive or the like. The piezo-
electric element 103 is set so that when a high-frequency
voltage as a high-frequency driving voltage is applied,
ultrasonic vibrations are excited, and the vibration plate
101c of the vibrator 101 resonates in a longitudinal di-
rection coincident with the direction of the driving force
to the lens barrel and a lateral direction coincident with
a direction perpendicular to the direction of the driving
force. As a result, the tips of the pressurized contact parts
101b formed on the vibrator 101 cause an ellipsoidal mo-
tion R, as shown in FIG. 3. By changing the frequency
or phase of the high-frequency voltage applied to the
piezoelectric element 103, the rotational direction and
ellipse ratio of the ellipsoidal motion R are appropriately
changed to generate a desired ellipsoidal motion R. Ac-
cordingly, a driving force to the lens barrel is generated
by a frictional force with the member 104 to be contacted
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that is the mating component of the vibrator 101. That is,
the member 104 to be contacted extends in the direction
of the driving force to the lens barrel, and the vibrator 101
itself may move forward and backward in the direction of
the driving force to the lens barrel along the optical axis
of the lens barrel (direction perpendicular to the paper
surface of FIG. 2A, and the left-and-right direction on the
paper surface of FIG. 3).
[0015] In the drawings, screwing parts 102b of the con-
necting member 102 to which the vibrator 101 is fixed
are fixed by the screws 106 to attaching positions of the
vibrator support member 105. In the present invention,
the vibrator support member 105, the connecting mem-
ber 102 and the screws 106 constitute a vibrator support.
The pressurization plate 107 is configured to pressurize
and hold the piezoelectric element 103 via the elastic
member 108, which will be described later.
[0016] The linear ultrasonic motor 1 further comprises
a pressurization spring 111, a spring support member
112 and a spring base member 117.
[0017] The pressurization spring 111 is interposed be-
tween the spring support member 112 and the spring
base member 117. The pressurization spring 111 con-
stitutes a pressurization spring unit 110 serving as a pres-
surization member together with the spring support mem-
ber 112 and the spring base member 117 serving as a
pressurization member attaching part. A tip large-diam-
eter part 112a of the spring support member 112 is re-
ceived in a fitting part 117a of the spring base member
117 at a low pressure. After the assembly, the unit state
may be maintained against the spring force of the pres-
surization spring 111. Bayonet projections 117b are
formed at a plurality of portions in the circumferential di-
rection on the outer-diameter part of the spring base
member 117. In the incorporation state, bayonet engag-
ing parts 105b formed on the vibrator support member
105 define positions of the bayonet projections 117b in
the pressurization direction. Therefore, a tip pressing part
112b of the spring support member 112 generates press-
ing force that presses the vibrator 101 against the mem-
ber 104 to be contacted via the pressurization plate 107
and the elastic member 108 by the pressurization force
of the pressurization spring 111. In other words, an im-
pression or impulse force is applied by the pressing part
112b to the member 104 to be contacted via the pres-
surization plate 107 and the elastic member 108 of the
pressurization force of the pressurization spring 111.
[0018] The linear ultrasonic motor 1 further comprises
a moving plate 113, rollable balls 114 (i.e. ball bearings),
a unit cover member 115 and a unit support member 116.
[0019] The moving plate 113 is fixed to an abutment
part 105a of the vibrator support member 105 by a well-
known method such as bonding or screwing, and consti-
tutes part of a guide member. The moving plates 113
have a plurality of V-shaped grooves 113a (first grooves
serving as first guides) in which the rollable balls 114
serving as rollable members are received to guide the
vibrator support member 105 in the optical axis direction

(see FIG. 4). The unit cover member 115 is fixed to the
unit support member 116 serving as a unit base member
by well-known screws 115c or the like. The unit cover
member 115 also constitutes part of the above-men-
tioned guide. By receiving the rollable balls 114 in V-
shaped grooves 115a (second grooves serving as sec-
ond guides) formed at positions where they face the V-
shaped grooves 113a of the moving plates 113, the vi-
brator support member 105 may be supported to be mov-
able forward and backward in the direction of the driving
force to the lens barrel. Note that the V-groove is a groove
having a V-shaped section and is, for example, a groove
having inclined surfaces that decrease the groove width
as the depth from the surface increases.
[0020] In the above-described arrangement, the pres-
surization spring unit 110 has a well-known bayonet
structure. Therefore, even after completion of assem-
bling the linear ultrasonic motor 1, it is possible to detach
and attach the pressurization spring unit 110 from the
linear ultrasonic motor 1. An opening 115b is formed in
the unit cover member 115 so that the vibrator support
member 105 is detachable within the movable range
through the opening 115b formed to extend in the direc-
tion of the driving force to the lens barrel. That is, the
width of the opening 115b in a direction that is parallel to
the opening 115b and perpendicular to the direction of
the driving force to the lens barrel is larger than the max-
imum length of the spring base member 117 of the pres-
surization spring unit 110. The pressurization spring may
be replaced in the entire movable region to adjust the
pressurization force without replacement of other com-
ponents. Even if the performance of the linear ultrasonic
motor varies in any moving region, an appropriate pres-
surization force may be set in this region.
[0021] In the plan view of the linear ultrasonic motor
according to the present invention in FIG. 1A, the same
reference numerals denote the same parts as the above-
described components. As described above, the unit cov-
er member 115 has the opening 115b capable of incor-
porating the pressurization spring unit 110 in the movable
range of the vibrator support member 105.
[0022] In the incorporation state, the vibrator support
member 105 and the integrally constituted moving plates
113 have the following gaps between the unit support
member 116 and the unit cover member 115, as shown
in FIG. 2A. First, a gap A is generated between the mov-
ing plate 113 and the unit cover member 115 at an upper
portion in FIG. 2A. At a lower portion, a gap B is generated
between the screw 106 of the vibrator support and the
unit support member 116 in FIG. 2A. The gap A may be
a maximum gap between the moving plate 113 and the
unit cover member 115 in the direction of pressing by the
pressurization spring unit 110. The gap B may be a max-
imum gap between the vibrator support, and the unit sup-
port member 116 or the member 104 to be contacted in
the direction of pressing by the pressurization spring unit
110. In this embodiment, the relation between the gap
A, the gap B and a diameter D of the rollable ball 114 is
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set to satisfy: 

[0023] In a state in which the pressurization spring unit
110 is detached, the vibrator support member 105 may
move down in FIG. 2A by the gap B. In this state, the
width of a gap generated between the moving plate 113
and the unit cover member 115 equals the value of (gap
A + gap B). As described above, the relation between
the width of (gap A + gap B) and the diameter D of the
rollable ball is set to satisfy "diameter D > (gap A + gap
B)". Hence, even in a state in which the pressurization
spring unit 110 is detached, the rollable balls 114 may
maintain a structure necessary as the motor unit without
dropping from the V-shaped grooves 113a and 115a. As
a result, the necessary structure of the motor unit may
be maintained regardless of the attaching/detaching
state of the pressurization spring unit. This prevents a
problem that the rollable balls drop from the unit during
assembly work, and the unit cover member needs to be
removed again to rearrange the rollable balls. Even if the
pressurization spring needs to be replaced, as described
above, the structure of the linear ultrasonic motor may
be maintained, which abruptly improves the assembly
work.
[0024] FIG. 4 is a sectional view of the main part and
also a side view showing a state in which the linear ul-
trasonic motor unit is incorporated in a lens barrel 4 for
the lens of an optical device. Even in FIG. 4, the same
reference numerals denote the same parts as those in
the above-described embodiment.
[0025] The lens barrel 4 comprises the linear ultrasonic
motor 1, a first lens support member 401, a first lens 402,
a third lens support member 403, a third lens 404, a sec-
ond lens support member 405, a second lens 406 and a
guide bar 407.
[0026] The first lens support member 401 supports the
first lens 402. The third lens support member 403 sup-
ports the third lens 404. The outer part of the third lens
support member 403 corresponds to a cylindrical part
403a, and is fastened to the first lens support member
401 at a tip 403b by a screw (not shown) or the like. The
unit receiving part 403c to which the above-described
linear ultrasonic motor unit is fixed is formed at part of
the outer-periphery of the cylindrical part 403a, and is
detachably fixed by a well-known screw or the like. The
second lens support member 405 that holds the second
lens 406 is arranged at the inner-periphery of the cylin-
drical part 403a. The second lens serving as a focus lens
is moved forward and backward along an optical axis C
(see FIG. 4) by the linear ultrasonic motor 1 according
to the present invention. At this time, since the second
lens support member 405 is received so that the well-
known guide bar 407 and bearing 405a are relatively sl-
idable, the second lens may be moved forward and back-

ward along the optical axis. The second lens support
member 405 and the vibrator support member 105 may
be coupled by engagement between an engaging pin
105c of the vibrator support member 105 and an engaged
part 405b of the vibrator support member 105, or by a
well-known rack and engaging pin.
[0027] As described above, in the linear ultrasonic mo-
tor according to the present invention, the linear ultra-
sonic motor 1 is formed into a unit in the state as shown
in FIGS. 1A to 3, and the unit is attached to the lens barrel
4 of the optical device in FIG. 4. Prior to attachment of
the linear ultrasonic motor 1 to the lens barrel 4, the char-
acteristics of the single unit of the linear ultrasonic motor
1 may be evaluated.
[0028] This form enables much more stable adjust-
ment, compared to a technique as disclosed in the related
art literature in which the characteristics of a linear ultra-
sonic motor are evaluated in a state in which an optical
element such as a lens is incorporated and a load is ap-
plied, and the performance is adjusted based on the re-
sult.
[0029] In this arrangement, the pressurization spring
unit 110 serving as a pressurization member is detach-
able in the entire movable range of the vibrator 101 of
the linear ultrasonic motor. It is therefore possible to
change the pressurization force in each region, evaluate
the characteristics of the linear ultrasonic motor, and ad-
just an optimal pressurization force based on these re-
sults. Therefore, a linear ultrasonic motor with stable
characteristics is implemented.
[0030] In this manner, the linear ultrasonic motor serv-
ing as the vibration-wave motor according to the present
invention is incorporated as a unit in the lens barrel of an
optical device in a state in which the performance of the
single item is guaranteed. The quality of the lens barrel
of the optical device is also stabilized.
[0031] The specific example of the linear ultrasonic
motor unit serving as the vibration-wave motor according
to the present invention, and the specific example of the
lens barrel of the optical device in which the linear ultra-
sonic motor unit is incorporated have been described in
detail. However, the present invention is not limited to
the above-described embodiments, and can take any
form without departing from the scope of the claims.
[0032] The present invention is widely applicable to an
optical device such as a digital camera or a digital video
camera.
[0033] While the present invention has been described
with reference to embodiments, it is to be understood
that the invention is not limited to the disclosed embod-
iments. The following statements form part of the descrip-
tion. The claims follow these statements and are labelled
as such.

Statement 1. A linear vibration-wave motor being
configured to apply a driving force to a lens barrel of
an optical device, comprising:
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a vibrator being configured to excite a vibration;
a member to be contacted contacting the vibra-
tor, the vibrator moving in a direction of the driv-
ing force with respect to the member to be con-
tacted upon the vibration;
a vibrator support being fixed to the lens barrel
and configured to support the vibrator;
a pressurization member being configured to im-
press the vibrator to the member to be contact-
ed;
a unit cover member having an opening extend-
ing in the direction of the driving force; and
a unit base member being configured to fix the
member to be contacted and the unit cover
member,
wherein the pressurization member is detacha-
ble from the vibrator support via the opening.

Statement 2. A motor according to statement 1,
wherein:

the vibrator support comprising a moving plate
including a first guide extending in the direction
of the driving force;
the unit cover member comprising a second
guide at a position where the second guide faces
the first guide;
a rolling ball being sandwiched between the first
guide and the second guide; and
the rolling ball having a diameter larger than a
sum of a maximum gap between the moving
plate and the unit cover member in a direction
of impression, and a maximum gap between the
vibrator support and one of the unit base mem-
ber and the member to be contacted in the di-
rection of impression.

Statement 3. A motor according to statement 2,
wherein:

the first guide and the second guide are V-
grooves.

Statement 4. A motor according to any one of state-
ments 1 to 3, wherein:

the vibration-wave motor is an ultrasonic motor
comprising the vibrator being configured to ex-
cite an ultrasonic vibration.

Claims

1. A linear vibration-wave motor (1) for applying a driv-
ing force to a lens barrel (4) of an optical device,
comprising:

a vibrator (101) being operable to excite a vibra-

tion;
a member to be contacted (104) contacting the
vibrator (101), the vibrator (101) being arranged
to move in a direction of the driving force with
respect to the member to be contacted (104)
upon exciting the vibration;
a vibrator support (105) being fixed to the lens
barrel (4) and configured to support the vibrator
(101);
a pressurization member (110) being operable
to press the vibrator (101) against the member
to be contacted (104);
a unit cover member (115) having an opening
extending in the direction of the driving force;
and
a unit base member (116) having fixed thereto
the member to be contacted (104) and the unit
cover member (115),
wherein the pressurization member (110) is de-
tachable from the vibrator support (105) via the
opening.

2. A motor (1) according to claim 1, wherein:

the vibrator support (105) comprises a moving
plate (113) including a first guide extending in
the direction of the driving force;
the unit cover member (115) comprises a sec-
ond guide at a position where the second guide
faces the first guide; and the motor (1) further
comprises a ball bearing (114) held between the
first guide and the second guide,
the ball bearing (114) having a diameter larger
than a sum of a maximum gap between the mov-
ing plate and the unit cover member in a direction
of pressing by the pressurization member (110)
and a maximum gap between the vibrator sup-
port (105) and one of the unit base member (116)
and the member to be contacted (104) in the
direction of pressing by the pressurization mem-
ber (110).

3. A motor according to claim 2, wherein:

the first guide and the second guide are V-
shaped grooves (113a).

4. A motor (1) according to any one of claims 1 to 3,
wherein:

the linear vibration-wave motor (1) is an ultra-
sonic motor and the vibrator (101) is operable
to excite an ultrasonic vibration.
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