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(54) OPTICAL DEVICE ACTUATOR AND LENS BARREL PROVIDED WITH SAME

(57) An optical device actuator comprises a movable
frame (33) including a focus lens (L11); a main shaft guide
(40); a piezoelectric element (36a); a weight (36b); a fixed
frame (30); a guide holding frame (35); and a spring (36c).
The piezoelectric element (36a) imparts vibration to a
first end (40a) side of the main shaft guide (40). The fixed
frame (30) supports the piezoelectric element (36a) and
the weight (36b) disposed on the first end (40a) side of
the main shaft guide (40). The guide holding frame (35)
supports, in a fixed state, the main shaft guide (40) on a
second end (40b) side on the opposite side from the first
end (40a) side. The spring (36c) is provided on the first
end (40a) side of the main shaft guide (40), and presses
the piezoelectric element (36a) along the axial direction
with respect to the first end (40a) of the main shaft guide
(40) via the weight (36b).
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Description

TECHNICAL FIELD

[0001] The present disclosure is related to an optical device actuator that drives a lens or another such optical device
back and forth in the optical axis direction, and a lens barrel comprising this actuator.

BACKGROUND ART

[0002] Conventionally, a vibration actuator for guide shaft vibration, such as an SIDM (smooth impact drive mechanism)
capable of high-speed response, has been used to move a lens frame of a lens barrel back and forth in the optical axis
direction.
[0003] For example, Patent Literature 1 discloses a drive device comprising a drive shaft; a piezoelectric element to
which a first end side of the drive shaft is fixed using an adhesive or the like; a support member that supports a second
end side of the drive shaft in a state of being movable parallel to the axial direction; and an external force damping
support unit (such as a spring) that is attached to the piezoelectric element to damp the influence of an external force
that should be exerted on a drive unit including a drive shaft when the drive unit receives the external force in a direction
different from the axial direction.

CITATION LIST

PATENT LITERATURE

[0004] Patent Literature 1: WO 2014/091656

SUMMARY

TECHNICAL PROBLEM

[0005] However, the above-mentioned conventional drive device configuration has the following problems.
[0006] With the configuration of a drive device disclosed in the above publication, when an external force is exerted
on a drive shaft or the like in a direction different from the axial direction, the influence of the external force can be
damped by the external force damping support portion such as a spring.
[0007] However, with a conventional configuration, a so-called floating structure is employed in which a first end side
of the drive shaft is supported in a state of being movable in the axial direction. That is, with a conventional configuration,
the end of the guide shaft that guides the lens in the optical axis direction is supported in an unstable state. Therefore,
when the drive device is mounted in a lens barrel including a focus lens group, for example, it may be difficult to adjust
between the optical axes of the focus lens group guided by the guide shaft.

SOLUTION TO PROBLEM

[0008] It is an object of the present disclosure to provide an optical device actuator with which damage caused by an
external force exerted from a direction that intersects the axial direction of the guide shaft can be prevented, and the
optical axis of a lens is easy to adjust, as well as a lens barrel comprising this actuator.
[0009] The optical device actuator disclosed herein comprises a movable frame including a lens; a guide shaft; a
vibration imparting portion; a weight; a first frame body; a second frame body; and an elastic member. The guide shaft
supports the movable frame so as to be movable along the optical axis of the lens. The vibration imparting portion imparts
vibration to a first end side of the guide shaft. The weight is fixed to the vibration imparting portion. The first frame body
supports the vibration imparting portion and the weight disposed on the first end side of the guide shaft. The second
frame body supports, in a fixed state, the guide shaft on a second end side on the opposite side from the first end side.
The elastic member is provided on the first end side of the guide shaft, and presses the vibration imparting portion in
the axial direction against the first end of the guide shaft via the weight.

ADVANTAGEOUS EFFECTS

[0010] With the optical device actuator disclosed herein, the optical axis of a lens can be easily adjusted, while damage
caused by an external force exerted from a direction that intersects the axial direction of the guide shaft can be prevented.



EP 3 913 415 A1

3

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF DRAWINGS

[0011]

FIG. 1 is an oblique view of the configuration of a lens barrel equipped with the optical device actuator according to
an embodiment of the present disclosure;
FIG. 2 is an exploded view of the components constituting the lens barrel in FIG. 1;
FIG. 3 is an exploded view of the components constituting the third and fourth lens group units included in the lens
barrel in FIG. 2;
FIG. 4 is a side view of the direction of vibration imparted by the piezoelectric element in the third and fourth lens
group units in FIG. 3;
FIG. 5 is a front view of the third and fourth lens group units in FIG. 3 as viewed from the imaging element side;
FIG. 6 is a cross-sectional view along the line J-J line in FIG. 5;
FIG. 7 is a view of the fixed frame included in the lens barrel in FIG. 2 as viewed from the image plane side;
FIG. 8 is a cross-sectional view along the L-L line in FIG. 7;
FIG. 9 is an exploded oblique view of the configuration around the connecting portion between the piezoelectric
element and the main shaft guide;
FIG. 10 is a schematic cross-sectional view of the configuration around the piezoelectric element and the configuration
of the press-fitting part on the second end side of the main shaft guide;
FIG. 11 is a detail view of the portion where the main shaft guide is press-fitted to the guide holding frame;
FIG. 12 is a diagram of the transmission model of FIG. 10;
FIG. 13 is a graph of the frequency response characteristic of the simplified vibration imparting portion;
FIG. 14 is a graph of the frequency response characteristic of the actual vibration imparting portion;
FIG. 15A is a graph of the relation between time and amplitude when no vibration is imparted;
FIG. 15B is a graph of the relation between time and amplitude when vibration is imparted; and
FIG. 16 is an oblique view illustrating the focus control of the third and fourth lens group units.

DESCRIPTION OF EMBODIMENTS

[0012] Embodiments pertaining to this disclosure will now be described through reference to the drawings. However,
some unnecessarily detailed description may be omitted. For example, detailed description of already known facts or
redundant description of components that are substantially the same may be omitted. This is to avoid unnecessary
repetition in the following description, and facilitate an understanding on the part of a person skilled in the art.
[0013] The applicant has provided the appended drawings and the following description so that a person skilled in the
art might fully understand this disclosure, but does not intend for these to limit what is discussed in the patent claims.

Embodiment 1

[0014] A lens barrel 10 equipped with an optical device actuator according to an embodiment of the present disclosure
will be described below with reference to FIGS. 1 to 11.

(1) Configuration of Lens Barrel

[0015] As shown in FIG. 1, the lens barrel 10 in this embodiment comprises an optical system including a plurality of
lenses; a first lens group unit 11; a second lens group unit 12; a cam frame 13; a third and fourth lens group unit 14; a
fifth lens group unit 16; an exterior unit 17; and a base ring 18. The lens barrel 10 is mounted to the mounting portion
of a camera body (not shown) at the portion of the base ring 18.
[0016] Here, the optical axis AX direction shown in FIG. 1 is the optical axis direction of the optical system of the lens
barrel 10. Hereinafter, the subject side in the optical axis direction means the opposite side from the image plane side
on which the imaging element (not shown) of the camera body is disposed. Hereinafter, the optical axis direction of the
optical system of the lens barrel 10 will be referred to as the optical axis AX direction.

(1-1) Configuration of Optical System

[0017] As shown in FIG. 2, the optical system of the lens barrel 10 is constituted by a first lens group unit 11, a second
lens group unit 12, a cam frame 13, a third and fourth lens group unit 14, a fifth lens group unit 16, an exterior unit 17,
a base ring 18, and so on.
[0018] The first lens group unit 11 is a cylindrical member, and a plurality of lenses are disposed on the subject side
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inside the unit. The first lens group unit 11 moves forward and backward in the optical axis AX direction while holding a
plurality of lenses on the subject side.
[0019] Consequently, the distance between the plurality of lenses can be changed to perform wide-angle and telephoto
photography.
[0020] The second lens group unit 12 is a cylindrical member disposed on the inner peripheral surface side of the first
lens group unit 11. The second lens group unit 12 holds a plurality of lenses. The plurality of lenses included in the
second lens group unit 12 are disposed closer to the image plane side in the optical axis AX direction than the plurality
of lenses included in the first lens group unit 11.
[0021] As shown in FIG. 2, the cam frame 13 is a cylindrical member and has a cam groove formed therein. The cam
frame 13 is disposed on the outer peripheral surface side of the second lens group unit 12 and the third and fourth lens
group unit 14. A cam pin provided on the outer peripheral surface of the third and fourth lens group unit 14 is fitted into
the cam groove of the cam frame 13.
[0022] The third and fourth lens group unit 14 is a focus unit that includes a focus lens L11, and just like the first lens
group unit 11 and the second lens group unit 12, holds a plurality of lenses.
[0023] The third and fourth lens group unit 14 is a substantially cylindrical member and holds a plurality of lenses. As
shown in FIG. 2, the plurality of lenses included in the third and fourth lens group unit 14 are disposed closer to the
image plane side in the optical axis AX direction than the plurality of lenses included in the second lens group unit 12.
Also, the third and fourth lens group unit 14 holds the focus lens L11 as shown in FIG. 3. The focus lens L11 is disposed
closest to the image plane side in the optical axis AX direction among the plurality of lenses included in the third and
fourth lens group unit 14. Furthermore, as shown in FIG. 3, the third and fourth lens group unit 14 is configured to include
main yokes 31 and counter yokes 34 disposed on the outer peripheral portion of a substantially cylindrical fixed frame
30, and a drive coil 33c disposed on a movable frame 33. Consequently, the third and fourth lens group unit 14 is driven
by a drive unit that includes the drive coil 33c, etc., so that the movable frame 33 including the focus lens L11 moves
back and forth in the optical axis AX direction while holding a plurality of lenses.
[0024] The cam pin provided so as to project from the outer peripheral surface of the third and fourth lens group unit
14 (fixed frame 30) receives the rotational drive force imparted from a rotational drive source, and moves along the cam
groove formed in the cam frame 13. Consequently, the plurality of lenses included in the first lens group unit 11 to the
third and fourth lens group unit 14 are moved back and forth in the optical axis AX direction to adjust the distance between
the plurality of lenses, which allows for wide-angle and telephoto photography.
[0025] The detailed configuration of the third and fourth lens group unit 14 will be described in detail below.
[0026] As shown in FIG. 2, the fifth lens group unit 16 is a substantially cylindrical member disposed on the inner
peripheral surface side of the first lens group unit 11. The fifth lens group unit 16 holds a plurality of lenses. Also, the
cam frame 13 is attached to the fifth lens group unit 16 in a state in which relative rotation is possible.
[0027] As shown in FIG. 2, the exterior unit 17 is a cylindrical member that constitutes the exterior portion of the lens
barrel 10. An annular focus ring, a zoom ring, and the like are attached in a rotatable state to the outer peripheral surface
of the exterior unit 17.
[0028] The base ring 18 is attached to the end on the image plane side of the exterior unit 17, and together with the
exterior unit 17, constitutes the exterior portion of the lens barrel 10. The base ring 18 is then attached to the camera
body (not shown).

(1-2) Configuration of Third and Fourth Lens Group Unit 14

[0029] The lens barrel 10 in this embodiment is a lens unit that moves the focus lens L11, which is held by a movable
frame 33, back and forth in the optical axis AX direction. More specifically, as shown in FIG. 3, the third and fourth lens
group unit 14 constituting the lens barrel 10 comprises the fixed frame 30, the main yokes 31, magnets (driving units)
32 (see FIG. 6, etc.), the movable frame 33, a main shaft guide (guide shaft) 40, a sub-shaft guide 41, the counter yokes
34, a guide holding frame (second frame body) 35, and a vibration imparting mechanism 36.
[0030] Also, in the third and fourth lens group unit 14, the fixed frame (first frame body) 30, the movable frame 33 that
holds the focus lens L11, the main shaft guide 40, the guide holding frame (second frame body) 35, and the vibration
imparting mechanism 36 constitute an optical device actuator that moves the movable frame 33 back and forth in the
optical axis AX direction.
[0031] FIGS. 3 to 8 show the configuration of the third and fourth lens group unit 14. FIG. 6 is a cross-sectional view
along the J-J line in FIG. 5, and FIG. 8 is a cross-sectional view along the L-L line in FIG. 7.
[0032] The fixed frame 30 is a substantially cylindrical member that constitutes the outer shell of the third and fourth
lens group unit 14, and in which are disposed the main yokes 31, the magnets 32, the movable frame 33, the main shaft
guide (guide shaft) 40, the sub-shaft guide 41, and the like. A part of the fixed frame 30 is used as a first frame body
constituting the optical device actuator (discussed below).
[0033] As shown in FIGS. 3 and 6, the main yokes 31 are substantially U-shaped members when viewed from the
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side surface, and as shown in FIG. 5, two main yokes 31 are provided on the outer peripheral surface side of the fixed
frame 30.
[0034] As shown in FIG. 6, the magnets 32 are provided between the substantially U-shaped portions of the main
yokes 31, and constitute an actuator that drives the movable frame 33 together with the drive coil 33c (discussed below).
The magnets 32 generate a magnetic field M in the Z direction (inward in the radial direction) indicated by the arrow in
FIG. 6. More precisely, the magnet 32 disposed on the upper side in FIG. 6 generates a downward magnetic field M in
the figure, and the magnet 32 disposed on the lower side generates an upward magnetic field M in the figure.
[0035] As shown in FIGS. 4 and 6, the movable frame 33 can move back and forth in the optical axis AX direction
relative to the fixed frame 30, and has a main shaft bearing portion 33a, a sub-shaft bearing portion 33b, a drive coil
33c, and a main body portion 33d.
[0036] The main shaft bearing portion 33a is a through-hole formed in the main body portion 33d along the optical
axis AX direction, into which the main shaft guide 40 is inserted.
[0037] The sub-shaft bearing portion 33b is similar to the main shaft bearing portion 33a in that it is a through-hole
formed in the main body portion 33d along the optical axis AX direction, into which the sub-shaft guide 41 is inserted.
[0038] The main shaft guide 40 is slidably engaged with the main shaft bearing portion 33a, and as shown in FIGS.
3 and 4, is disposed along the axis AX direction as a guide member in moving the movable frame 33 relative to the fixed
frame 30. A first end 40a of the main shaft guide 40 in the optical axis AX direction is connected to a vibration imparting
mechanism 36 (piezoelectric element 36a) (discussed below) (see FIGS. 8 and 9). Meanwhile, a second end 40b on
the opposite side from the first end 40a is supported in a state of being fixed to a press-fitting hole 35a (see FIGS. 10
and 11) formed in the guide holding frame 35. Also, as shown in FIG. 4, a specific vibration is imparted to the main shaft
guide 40 in the vibration imparting direction in the drawing from the vibration imparting mechanism 36 (discussed below)
when the movable frame 33 is moved.
[0039] Furthermore, as shown in FIG. 10, the first end 40a of the main shaft guide 40 is inserted into an insertion hole
30a formed in the fixed frame 30. An annular gap d is formed between the inner peripheral surface of the insertion hole
30a and the outer peripheral surface of the main shaft guide 40. The annular gap d is formed so as to surround the outer
peripheral surface of the main shaft guide 40.
[0040] The sub-shaft guide 41 is inserted into the sub-shaft bearing portion 33b, and is disposed substantially parallel
to the main shaft guide 40 as shown in FIGS. 3 and 4. The sub-shaft guide 41 is held at one end in the optical axis AX
direction by the fixed frame 30, and at the end on the opposite side by the guide holding frame 35 (discussed below).
The sub-shaft guide 41 functions as a guide member of the movable frame 33 so that when the movable frame 33 moves
back and forth in the optical axis AX direction along the main shaft guide 40, the orientation of the movable frame 33
can be maintained together with the main shaft guide 40.
[0041] As shown in FIG. 6, the drive coil 33c is fixed on the main body portion 33d side of the movable frame 33, and
is disposed near the main yokes 31 and the magnets 32 fixed on the fixed frame 30 side. When the movable frame 33
is moved, a current flows through the drive coil 33c in the X axis direction perpendicular to the drawing, as shown in FIG. 6.
[0042] Consequently, as shown in FIG. 6, a Lorentz force F1 in the Y axis direction (to the left) in the drawing can be
generated in the movable frame 33 by the magnetic field generated by the magnets 32 inward in the radial direction,
and by the current flowing through the drive coil 33c. Consequently, when current flows through the drive coil 33c, the
movable frame 33 moves back and forth in the optical axis AX direction.
[0043] With the lens barrel 10 in this embodiment, the thrust exerted on the movable frame 33 depends on the Lorentz
force F1 generated by the magnets 32 and the drive coil 33c. That is, in this embodiment, the thrust of the movable
frame 33 does not depend on the vibration imparted by the vibration imparting mechanism 36 (discussed below).
[0044] As shown in FIG. 5, the main body portion 33d holds the focus lens L11 in its central portion. The main shaft
guide 40 and the sub-shaft guide 41 are then inserted into the main shaft bearing portion 33a and the sub-shaft bearing
portion 33b provided on the outer peripheral side of the portion of the main body portion 33d that holds the focus lens L11.
[0045] The counter yokes 34 are attached so as to cover the open portions of the substantially U-shaped main yokes 31.
[0046] As shown in FIG. 3, the guide holding frame 35 is disposed on the image plane side of the movable frame 33,
which is on the opposite side from the subject side, in the optical axis AX direction. The guide holding frame 35 holds
the respective ends of the main shaft guide 40 (second end 40b side) and the sub-shaft guide 41 at a position on the
image plane side of the movable frame 33.
[0047] Also, the guide holding frame 35 has a press-fitting hole 35a into which the second end 40b of the main shaft
guide 40 is press-fitted and fixed, and a groove portion 35b formed concentrically with the press-fitting hole 35a on the
outer peripheral side of the press-fitting hole 35a (see FIGS. 10 and 11).
[0048] The focus control of the third and fourth lens group unit 14 will now be described.
[0049] In FIG. 16, a position sensing unit 202 is made up of a sensor magnet 203 fixed to the movable frame 33, and
an MR element (not shown) fixed to the fixed frame 30 so as to be opposite the sensor magnet 203. The position sensing
unit 202 may be constituted by an encoder, and may be capable of sensing the position of the movable frame 33 with
respect to the fixed frame 30.
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[0050] The position sensing unit 202 is electrically connected to a control unit 201, and outputs the amount of movement
of the sensor magnet 203 in the optical axis direction to the control unit 201. A coil terminal portion 205 of the drive coil
33c is electrically connected to the control unit 201.
[0051] The control unit 201 can move the movable frame 33 to the desired position by passing a drive current through
the drive coil 33c on the basis of the current position of the movable frame 33 obtained from the position sensing unit 202.
[0052] Furthermore, the control unit 201 is electrically connected to the vibration imparting mechanism 36, and can
control the operation of the vibration imparting mechanism 36.
[0053] In this embodiment, the control unit 201 has a configuration in which the amount of vibration and the vibration
frequency of the vibration imparting mechanism 36 can be freely varied according to the current position and speed of
the movable frame 33. For instance, the vibration speed of the main guide shaft is preferably higher than the moving
speed of the movable frame 33.
[0054] Consequently, the relative speed between the main shaft guide 40 and the movable frame 33 above and below
zero. Therefore, it is possible to cancel out the friction component whose direction reverses depending on the speed.
[0055] Also, in this embodiment, when the movable frame 33 moves, the control unit 201 controls the vibration imparting
mechanism 36 so that the main shaft guide 40 vibrates at a speed of at least twice the moving speed of the movable
frame 33, to the extent that the limit of mechanical strength is not exceeded.
[0056] This is because when the vibration is at less than double the speed, the relative speed between the movable
frame 33, which is moved by the drive coil 33c, and the main shaft guide 40, which is vibrated by the vibration imparting
mechanism 36, approaches zero when the vibration of the main shaft guide 40 reverses direction, and the friction
component whose direction reverses depending on the speed cannot be completely cancelled out. Furthermore, the
load, such as static friction, increases between the main shaft guide 40 and the movable frame 33, and the vibration
imparting mechanism 36 will have an unintended effect on the movable frame 33.

(1-3) Configuration of Vibration Imparting Mechanism 36

[0057] As shown in FIGS. 3 and 4, the vibration imparting mechanism 36 is a mechanism that imparts vibration to the
main shaft guide 40 in a direction substantially parallel to the axial direction of the main shaft guide 40, and as shown
in FIGS. 7 and 8, is disposed at a position where the end (first end 40a) on the subject side of the main shaft guide 40
comes into contact. As shown in FIG. 3, the vibration imparting mechanism 36 has the piezoelectric element 36a, a
weight 36b, a spring 36c, a holder (first frame body) 36d, and a cushioning sheet (cushioning material) 36e.
[0058] In this embodiment, the vibration imparting mechanism 36 is controlled to impart vibration in the range of 20
to 60 kHz, for example.
[0059] The piezoelectric element 36a is an element having piezoelectricity that generates a force when voltage is
applied, and generates ultrasonic vibration by repeatedly expanding and contracting when an AC voltage is applied.
The piezoelectric element 36a is used as an ultrasonic vibrator that imparts a specific ultrasonic vibration to the main
shaft guide 40 in order to reduce the frictional resistance generated between the movable frame 33 (main body 33d)
and the main shaft guide 40.
[0060] More specifically, the piezoelectric element 36a imparts a specific ultrasonic vibration to the main shaft guide
40 in the vibration imparting direction shown in FIG. 4 (substantially parallel to the axial direction) so that the static friction
generated between the movable frame 33 (main body 33d) and the main shaft guide 40 changes to dynamic friction.
[0061] Here, if we let α be the acceleration at which the main shaft guide 40 vibrates due to ultrasonic vibration, and
let mk be the mass of the movable frame 33, then the force required for the movable frame 33 to vibrate at the same
acceleration α as the main shaft guide 40 is α 3 mk. Also, the force that can be transmitted from the main shaft guide
40 to the movable frame 33 is a frictional force T that acts between the main shaft guide 40 and the movable frame 33.
[0062] In a state where T ≥ α 3 mk, the main shaft guide 40 and the movable frame 33 will move substantially integrally.
[0063] That is, the movable frame 33 vibrates at the acceleration α in accordance with the vibration at the acceleration
α of the main shaft guide 40 by the piezoelectric element 36a. At this point, the force (frictional force T) that can be
transmitted to the movable frame 33 is the same as or greater than the force (α 3 mk) required for the movable frame
33 to vibrate at the acceleration α. Therefore, the vibration of the main shaft guide 40 is transmitted to the movable frame
33 at the same acceleration α, and the main shaft guide 40 and the movable frame 33 move substantially integrally and
do not slip relative to one another.
[0064] On the other hand, in the state where T < α 3 mk (relational formula (1)), the main shaft guide 40 and the
movable frame 33 do not move integrally, and relative slip occurs.
[0065] That is, even if the main shaft guide 40 is vibrated at the acceleration α by the piezoelectric element 36a, the
movable frame 33 will not be able to vibrate at the acceleration α, or will vibrate at an acceleration lower than the
acceleration α. When the vibration is at an acceleration lower than the acceleration α, the amplitude of the movable
frame 33 will be smaller than the amplitude of the main shaft guide 40. At this point, the force (frictional force T) that can
be transmitted to the movable frame 33 is smaller than the force (α 3 mk) required for the movable frame 33 to vibrate
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at the acceleration α. Therefore, the vibration of the main shaft guide 40 cannot be transmitted to the movable frame 33
at the same acceleration α, and relative slip occurs between the main shaft guide 40 and the movable frame 33.
[0066] Also, in a state where T < α 3 mk, relative slip continues to occur between the main shaft guide 40 and the
movable frame 33 for as long as the vibration by the piezoelectric element 36a continues. In this state, the friction
between the main shaft guide 40 and the movable frame 33 is not static friction, but dynamic friction.
[0067] That is, as long as vibration by the piezoelectric element 36a continues in a state of T < α 3 mk, a dynamic
friction state is always maintained between the main shaft guide 40 and the movable frame 33. In general, dynamic
frictional force is smaller than static frictional force. Therefore, when a state in which dynamic friction is being generated
is maintained, the movable frame 33 can be driven with a driving force that is smaller than that in a state in which static
friction is being generated.
[0068] Also, when a dynamic friction state is being maintained, the so-called stick-slip phenomenon, which occurs
when an object starts to move and transitions from a static friction state to a dynamic friction state, will not occur.
Consequently, since a dynamic friction state is being maintained, the object can be moved with a small driving force
without causing stick-slip, which is advantageous for high-precision drive with a very small amount of movement.
[0069] Further, in a state where T < α 3 mk, the movable frame 33 vibrates at an acceleration lower than the acceleration
α. That is, there are cases when the movable frame 33 vibrates at an amplitude smaller than that of the main shaft guide
40. This vibration amount is smaller than the amplitude of the main shaft guide 40 and smaller than the amplitude of the
piezoelectric element 36a. The amplitude of the piezoelectric element 36a is sufficiently smaller than the accuracy
required for position control of the driven body (the movable frame 33), being 1/10 or less, for example. Therefore, even
if the driven body (the movable frame 33) is vibrated by the piezoelectric element 36a, there will be no problem with
position control.
[0070] Consequently, the ultrasonic vibration imparted from the piezoelectric element 36a to the main shaft guide 40
can effectively reduce frictional resistance at the portion where the main body portion 33d of the movable frame 33 and
the main shaft guide 40 come into contact. As a result, the movable frame 33 can be moved to the desired position
quickly and with high accuracy by the Lorentz force F1 (see FIG. 6) generated by the actuators (the magnets 32 and
the drive coil 33c).
[0071] FIG. 12 shows a vibration imparting portion 101 which is a simplification of the vibration imparting mechanism
36 of the present disclosure. 102 corresponds to the weight 36b, 103 to the spring 36c, 104 to the main shaft guide 40,
105 to the groove portion 35b, and 106 to the piezoelectric element 36a. Also, x and X indicate the positions of the
weight 36b and the main shaft guide 40 in the axial direction 109, and F and -F are excitation forces generated by the
piezoelectric element 36a. The cushioning sheet 36e is omitted in the simplified vibration imparting portion 101.
[0072] The following equation (100) shows a transfer function of the simplified vibration imparting portion 101, from
the excitation force -F to the weight position x, and the following equation (101) shows a transfer function from the
excitation force F to the main shaft guide position X.
[First Mathematical Formula] 

[Second Mathematical Formula] 

[0073] Equations (100) and (101) are expressed as typical frequency response characteristics, where s = jω (j is an
imaginary unit and ω is the angular frequency) and ω = 2πf (f is the frequency (Hz)). In equation (100), m1 is the mass
(kg) of the weight 36b, and in equation (101), m2 is the mass (kg) of the main shaft guide 40.
[0074] FIG. 13 is a graph of the frequency response characteristics of equations (100) and (101).
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[0075] In FIG. 13, the dotted line shows the calculation result of equation (100), and the solid line shows the calculation
result of equation (101). As shown in FIG. 13, the characteristics of equations (100) and (101) are expressed in a
quadratic form having anti-resonance points at W1 and W2 (located in a range lower than 10,000 Hz and not shown),
and having resonance points at W3 and W4. In this configuration, the values are set to satisfy the following relational
expressions. 

[0076] (In the above relational expressions, the units of W1, W2, W3, and W4 are radians per second.)
[0077] FIG. 14 shows the characteristics of the actual vibration imparting portion, the solid line showing the frequency
response characteristics of the main shaft guide 40, and the dotted line showing the characteristics of the weight 36b.
[0078] The solid line has peaks corresponding to the theoretically calculated values W3 and W4 shown in the equations
(100) and (101) at 32 kHz and 65 kHz, and indicates a responsiveness that is flat and stable between these. Furthermore,
the vibration responsiveness is kept low in the audible range and in the band of 10 kHz and lower to which the movable
frame 33 is controlled.
[0079] Meanwhile, the dotted line has peaks similar to those of the solid line, but has an anti-resonance point corre-
sponding to the theoretically calculated value W1 between the peaks, and the vibration responsiveness is suppressed.
[0080] Thus, with the vibration imparting mechanism 36 in this configuration, the main shaft guide 40 can be efficiently
vibrated in the target frequency band of 32 to 65 kHz without generating noise or subjecting the movable frame 33 to
the effect of control disturbance or the like. Also, vibration of the weight 36b can be suppressed in the target vibration
imparting band, and the influence on external components of vibration generated on the weight 36b side can be reduced.
[0081] Next, the response waveforms of the movable frame 33 are shown in FIGS. 15A and 15B.
[0082] The dotted line in FIGS. 15A and 15B is the target value, which is a triangular wave of 62.3 mm. The solid line
in FIG. 15A is a measured waveform of the response value of the movable frame 33 to the target when no vibration is
imparted. The solid line in FIG. 15B is the measured value of the response value of the movable frame 33 to the target
value when vibration is imparted. Here, as shown in these graphs, the result of imparting vibration by the vibration
imparting mechanism 36 in this configuration is that the movable frame 33, which did not follow the control target of
about 62 mm at all, can be made to follow a very small target value with extremely high accuracy.
[0083] Here, lead zirconate titanate (Pb(ZrTi)O3), barium titanate (BaTiO3), lead titanate (PbTiO3), or another such
piezoelectric ceramic is used for the piezoelectric element 36a, for example.
[0084] "Ultrasonic vibration" is an elastic vibration wave (sound wave) having a high frequency that cannot be heard
by the human ear (such as a sound that cannot be heard as a stationary sound having a frequency of 20 kHz or higher),
and in a broad sense refers to a sound that is used for some purpose other to be heard by a person, regardless of
whether or not it can be heard by a human.
[0085] The weight 36b is a bottomed, substantially cylindrical member, and is connected to the end of the piezoelectric
element 36a on the subject side, as shown in FIG. 9. The weight 36b has a flange portion 36ba formed at the end of the
substantially cylindrical outer peripheral surface on the image plane side, which is on the opposite side from the subject
side. The flange portion 36ba is formed so as to project outward in the radial direction, and is pressed by a spring 36c
(discussed below) along the axial direction of the main shaft guide 40. Also, the end of the piezoelectric element 36a
on the opposite side from the connection side with the first end 40a of the main shaft guide 40 is fixed with an adhesive
to the bottom surface of the weight 36b.
[0086] As shown in FIG. 9, the spring 36c is an elastic member formed as a solenoid spring, and is attached on the
outer peripheral surface side of the weight 36b. As shown in FIG. 10, one end of the spring 36c is latched to the flange
portion 36ba of the weight 36b, and the end of the opposite side is held inside the holder 36d and disposed in a compressed
state inside the holder 36d.
[0087] Consequently, the spring 36c presses the piezoelectric element 36a toward the end surface of the first end
40a of the main shaft guide 40 via the weight 36b, in the axial direction (optical axis AX direction) of the main shaft guide
40. That is, the spring 36c is provided to bias the piezoelectric element 36a in the direction in which the main shaft guide
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40 is vibrated, to transmit the behavior of the piezoelectric element 36a to the main shaft guide 40.
[0088] Also, the spring 36c supports the main shaft guide 40 in a state of being movable in a direction intersecting the
axial direction when an external force is exerted on the main shaft guide 40 in a direction intersecting the axial direction.
This makes it possible to prevent the connecting portion between the end surface on the first end 40a of the main shaft
guide 40 side and the end surface of the piezoelectric element 36a on the opposite side of this from being broken.
[0089] Furthermore, the surface of the spring 36c is coated with anti-vibration grease. This improves the vibration
isolation performance in the portion of the vibration imparting mechanism 36.
[0090] That is, in the configuration of this embodiment, the first end 40a side of the main shaft guide 40 is fixed to the
inner surface side of the holder 36d (discussed below) via the weight 36b and the spring 36c.
[0091] As shown in FIGS. 9 and 10, the holder 36d is a bottomed, substantially cylindrical member, and the piezoelectric
element 36a, the weight 36b, and the spring 36c are enclosed in the cylindrical internal space thereof. As described
above, the holder 36d supports the end on the subject side of the enclosed spring 36c on the bottom surface. Furthermore,
as shown in FIG. 10, the holder 36d is fixed to the fixed frame 30 so as to cover the portion of the fixed frame 30 where
the insertion hole 30a is formed.
[0092] Consequently, the holder 36d constitutes the first frame body together with a part of the fixed frame 30.
[0093] The cushioning sheet 36e is a sheet-like member formed of a polyimide resin or the like, for example, and as
shown in FIGS. 9 and 10, is held by the biasing force of the spring 36c between the end surface on the first end 40a
side (subject side) of the main shaft guide 40 and the end surface on the image plane side of the piezoelectric element
36a. The end surface on the first end 40a side of the main shaft guide 40 and the end surface of the piezoelectric element
36a opposite the first end 40a are connected via the cushioning sheet 36e.

Main Features

[0094] In this embodiment, as discussed above, an optical device actuator that moves the movable frame 33 including
the focus lens L11 back and forth in the optical axis AX direction comprises the movable frame 33 including the focus
lens L11, the main shaft guide 40, the piezoelectric element 36a, the weight 36b, the fixed frame 30, the guide holding
frame 35, and the spring 36c. The main shaft guide 40 supports the movable frame 33 movably in the optical axis AX
direction of the focus lens L11. The piezoelectric element 36a imparts vibration to the first end 40a side of the main shaft
guide 40. The weight 36b is fixed to the piezoelectric element 36a. The fixed frame 30 supports the piezoelectric element
36a and the weight 36b disposed on the first end 40a side of the main shaft guide 40. The guide holding frame 35
supports, in a fixed state, the second end 40b side, which is on the opposite side from the first end 40a side of the main
shaft guide 40. The spring 36c is provided on the first end 40a side of the main shaft guide 40, and presses the piezoelectric
element 36a against the first end 40a of the main shaft guide 40 in the axial direction via the weight 36b.
[0095] That is, with the configuration in this embodiment, the second end 40b side of the main shaft guide 40 is fixed
in a state of being press-fitted into the guide holding frame 35, and in this configuration, the first end 40a side of the
main shaft guide 40 is fixed to the holder 36d via the spring 36c.
[0096] Therefore, when an external force is exerted from a direction intersecting the axial direction of the main shaft
guide 40, for example, the first end 40a side of the main shaft guide 40 moves in a direction intersecting the axial direction
due to the elasticity of the spring 36c.
[0097] Consequently, damage to the connecting portion between the main shaft guide 40 and the piezoelectric element
36a can be effectively prevented.
[0098] Also, the second end 40b side of the main shaft guide 40 is supported in a fixed state on the guide holding
frame 35.
[0099] Consequently, compared to a conventional floating structure, the second end 40b side of the main shaft guide
40 can be fixed and supported and the main shaft guide 40 can be supported more stably, which means that the optical
axis AX of a plurality of lenses, including the focus lens L11, can be easily adjusted.
[0100] As a result, it is possible to easily adjust the optical axis of the lenses included in the lens barrel 10 while
preventing damage caused by an external force exerted from a direction intersecting the axial direction of the main shaft
guide 40.
[0101] Also, in this embodiment, as discussed above, the first end 40a side of the main shaft guide 40 is inserted into
the insertion hole 30a formed in the fixed frame 30, through the annular gap d.
[0102] Consequently, even when an external force is exerted from a direction intersecting the axial direction of the
main shaft guide 40, the first end 40a side of the main shaft guide 40 can move in a direction intersecting the axial
direction within the range of the gap d. The first end 40a of the main shaft guide 40 is supported by the above-mentioned
spring 36c. Therefore, in a configuration in which the second end 40b side of the main shaft guide 40 is press-fitted and
fixed to the guide holding frame 35, even when an external force is exerted from a direction intersecting the axial direction,
the first end 40a side of the main shaft guide 40 that has moved in a direction intersecting the axial direction can be
moved within the range of the gap d, and damage to the connecting portion between the main shaft guide 40 and the
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piezoelectric element 36a can be prevented.
[0103] Furthermore, in this embodiment, in the connecting portion between the first end 40a of the main shaft guide
40 and the piezoelectric element 36a, the cushioning sheet 36e is disposed between the end surface of the first end
40a of the main shaft guide 40 and the end surface of the opposing piezoelectric element 36a.
[0104] Consequently, in a configuration in which the second end 40b side of the main shaft guide 40 is press-fitted
and fixed to the guide holding frame 35, even when an external force is exerted from a direction intersecting the axial
direction of the main shaft guide 40, any shear stress related to the connecting portion between the end surface on the
first end 40a side of the main shaft guide 40 and the end surface of the piezoelectric element 36a will be absorbed by
the cushioning sheet 36e, so breakage of the connecting portion can be prevented more effectively.
[0105] Since the cushioning sheet 36e provided as a cushioning material is formed in the shape of a thin sheet, the
end surface on the first end 40a side of the main shaft guide 40 connected to the end surface of the piezoelectric element
36a can be stably supported.
[0106] Furthermore, in this embodiment, as shown in FIGS. 10 and 11, the guide holding frame 35 has an annular
groove portion 35b formed around a press-fitting hole 35a into which the second end 40b of the main shaft guide 40 is
press-fitted and fixed.
[0107] The annular groove portion 35b is disposed concentrically with the press-fitting hole 35a, and is formed so that
the portion around the press-fitting hole 35a of the guide holding frame 35 to which the second end 40b side of the main
shaft guide 40 is fixed will readily deform and move.
[0108] Therefore, when an external force is exerted on the main shaft guide 40 from a direction intersecting the axial
direction, the area near the press-fitting hole 35a supporting the second end 40b will deform, which allows for the
formation of a state in which the main shaft guide 40 can easily move in the direction of the optical axis AX, with the
press-fitting hole 35a serving as a fulcrum. As described above, the first end 40a side of the main shaft guide 40 is
supported via the spring 36c.
[0109] Consequently, even when an external force is exerted from a direction intersecting the axial direction of the
main shaft guide 40, the external force can be released by moving the first end 40a side of the main shaft guide 40.
[0110] Also, since the peripheral portion of the press-fitting hole 35a in which the second end 40b side of the main
shaft guide 40 is press-fitted and supported is formed into a thin-walled shape by the annular groove portion 35b, any
vibration applied to the main shaft guide 40 can be absorbed.
[0111] As a result, damage when an external force is exerted can be prevented even more effectively, and vibration
imparted to the main shaft guide 40 can be effectively absorbed.

Other Embodiments

[0112] An embodiment of the present disclosure was described above, but the present disclosure is not limited to or
by the above embodiment, and various changes can be made without departing from the gist of the disclosure.

(A) In the above embodiment, an example was given in which the cushioning sheet 36e was provided between the
end surface on the first end 40a side of the main shaft guide 40 and the end surface of the piezoelectric element
36a on the opposite side was described. However, the present disclosure is not limited to this.
For example, the configuration may be such that the end surface on the first end 40a side of the main shaft guide
40 and the end surface of the piezoelectric element 36a on the opposite side are fixed with an adhesive.
However, as in the above embodiment, providing a cushioning material such as the cushioning sheet 36e between
the end surface on the first end 40a side of the main shaft guide 40 and the end surface of the piezoelectric element
36a on the opposite side more effectively prevents damage to the connecting portion between the end surface on
the first end 40a side of the main shaft guide 40 and the end surface of the piezoelectric element 36a on the opposite
side.
(B) In the above embodiment, an example was given in which the second end 40b side of the main shaft guide 40
was press-fitted and fixed in the press-fitting hole 35a of the guide holding frame 35. However, the present disclosure
is not limited to this.
For example, the fixing of the second end side of the main shaft guide is not limited to press-fit fixing, and fixing with
an adhesive or the like may be performed instead.
(C) In the above embodiment, an example was given in which the optical device actuator of the present disclosure
was applied to the third and fourth lens group unit 14, which was included in the lens barrel 10 comprising a plurality
of lens groups. However, the present disclosure is not limited to this.
The object to which the optical device actuator of the present disclosure is applied is not limited to the fourth lens
group unit of a lens barrel, for example, and may instead be an actuator that drives an imaging element or another
movable frame.
(D) In the above embodiment, an example was given in which vibration was imparted from the vibration imparting
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mechanism 36 to the main shaft guide 40 in a direction substantially parallel to the axial direction of the main shaft
guide 40. However, the present disclosure is not limited to this.
The vibration imparted from the vibration imparting portion to the main shaft guide may be imparted in a direction
intersecting the axial direction when reducing dynamic frictional resistance, for example.
(E) In the above embodiment, an example was given in which ultrasonic vibration was imparted from the vibration
imparting mechanism 36 to the main shaft guide 40. However, the present disclosure is not limited to this.
The vibration imparted from the vibration imparting portion is not limited to ultrasonic vibration, and as long as it is
vibration that reduces the frictional resistance generated between a movable frame and a main shaft guide, vibration
in the audible range may be imparted, for example.
Also, the ultrasonic vibration imparted from the vibration imparting portion is not limited to the range of 20 to 60 kHz
described in the above embodiment, and ultrasonic vibration outside this range may be applied instead.
(F) In the above embodiment, an example was given in which a solenoid spring was used as the elastic member.
However, the present disclosure is not limited to this.
For example, instead of a solenoid spring, a leaf spring or another such elastic member may be used. That is, the
elastic member is not particularly limited as long as it presses the guide shaft in the axial direction.
(G) In the above embodiment, an example was given in which a part of the fixed frame 30 serving as the first frame
body and the guide holding frame 35 serving as the second frame body were provided as separate members.
However, the present disclosure is not limited to this.
For instance, the first frame body and the second frame body may be integrated.
(H) In the above embodiment, an example was given in which the spring 36c was coated with anti-vibration grease.
However, the present invention is not limited to this.

[0113] For instance, it is not essential to coat the spring or other such elastic member with anti-vibration grease, and
the configuration may be such that no grease is applied.

INDUSTRIAL APPLICABILITY

[0114] The optical device actuator disclosed herein has the effect of preventing damage caused by an external force
exerted from a direction intersecting the axial direction of the guide shaft, while allowing for easy adjustment of the optical
axis of the lenses, and therefore can be widely applied in actuators that are mounted on a variety of optical devices.

REFERENCE SIGNS LIST

[0115]

10 lens barrel
11 first lens group unit
12 second lens group unit
13 cam frame
14 third and fourth lens group unit
16 fifth lens group unit
17 exterior unit
18 base ring
30 fixed frame (first frame body)
30a insertion hole
31 main yoke
32 magnet (drive unit)
33 movable frame
33a main shaft bearing portion
33b sub-shaft bearing portion
33c drive coil (drive unit)
33d main body portion
34 counter yoke
35 guide holding frame (second frame body)
35a press-fitting hole
35b groove portion
36 vibration imparting mechanism
36a piezoelectric element (vibration imparting portion)
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36b weight
36ba flange portion
36c spring (elastic member)
36d holder (first frame body)
36e cushioning sheet (cushioning material)
40 main shaft guide (guide shaft)
40a first end
40b second end
41 sub-shaft guide
AX optical axis
d gap
F1 Lorentz force
L11 focus lens
M magnetic force

Claims

1. An optical device actuator, comprising:

a movable frame that includes a lens;
a guide shaft that movably supports the movable frame along an optical axis of the lens;
a vibration imparting portion configured to impart vibration to a first end side of the guide shaft;
a weight that is fixed to the vibration imparting portion;
a first frame body that supports the weight and the vibration imparting portion disposed on the first end side of
the guide shaft;
a second frame body that supports, in a fixed state, a second end side of the guide shaft that is on an opposite
side from the first end side; and
an elastic member that is provided on the first end side of the guide shaft and configured to press the vibration
imparting portion along an axial direction against a first end of the guide shaft via the weight.

2. The optical device actuator according to claim 1,
further comprising a cushioning material that is disposed between the first end of the guide shaft and the vibration
imparting portion.

3. The optical device actuator according to claim 2,
wherein the cushioning material is formed in a shape of a sheet.

4. The optical device actuator according to any of claims 1 to 3,
wherein the second frame has a press-fitting hole in which a second end of the guide shaft is fixed and supported
by press-fitting.

5. The optical device actuator according to claim 4,
wherein the second frame further has a groove formed concentrically with the press-fitting hole on an outer peripheral
side of the press-fitting hole.

6. The optical device actuator according to any of claims 1 to 5,
wherein the elastic member is disposed between the weight and the first frame body.

7. The optical device actuator according to claim 6,
wherein the elastic member is a solenoid spring.

8. The optical device actuator according to any of claims 1 to 7,
wherein the elastic member is coated with anti-vibration grease.

9. The optical device actuator according to any of claims 1 to 8,
wherein the first end of the vibration imparting portion on the opposite side from the side connected to the guide
shaft is adhesively fixed to the weight.
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10. The optical device actuator according to any of claims 1 to 9,
wherein the vibration imparting portion imparts vibration to the first end of the guide shaft along the axial direction
of the guide shaft.

11. The optical device actuator according to any of claims 1 to 10,
wherein the vibration imparting portion is a piezoelectric element.

12. The optical device actuator according to any of claims 1 to 11,
wherein the lens is a focus lens.

13. A lens barrel, comprising:

the optical device actuator according to any of claims 1 to 12; and
a plurality of lens groups disposed so as to align the lens with an optical axis direction.



EP 3 913 415 A1

14



EP 3 913 415 A1

15



EP 3 913 415 A1

16



EP 3 913 415 A1

17



EP 3 913 415 A1

18



EP 3 913 415 A1

19



EP 3 913 415 A1

20



EP 3 913 415 A1

21



EP 3 913 415 A1

22



EP 3 913 415 A1

23



EP 3 913 415 A1

24



EP 3 913 415 A1

25



EP 3 913 415 A1

26



EP 3 913 415 A1

27



EP 3 913 415 A1

28



EP 3 913 415 A1

29



EP 3 913 415 A1

30



EP 3 913 415 A1

31

5

10

15

20

25

30

35

40

45

50

55



EP 3 913 415 A1

32

5

10

15

20

25

30

35

40

45

50

55



EP 3 913 415 A1

33

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 2014091656 A [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

