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(57) ABSTRACT

A vibration-type driving apparatus includes a vibrator unit
including a vibrator in which vibration is excited by an
electro-mechanical energy convertor and a holder config-
ured to hold the vibrator, and a contact body in contact with
the vibrator. The vibrator and the contact body move relative
to each other when vibration at a frequency higher than an
audible range is excited in the vibrator. A predetermined
condition is satisfied.
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VIBRATION-TYPE DRIVING APPARATUS
AND APPARATUS HAVING THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present disclosure relates to a vibration-type
driving apparatus which causes a vibrator in which vibration
is excited and a contact body in contact with the vibrator to
move relative to each other.

Description of the Related Art

[0002] As a vibration-type driving apparatus such as a
vibration-type motor that generates a driving force by using
vibration excited by a piezoelectric element, Japanese Patent
Application Laid-Open No. (“JP”) 2015-104144 describes a
vibration-type driving apparatus including a holder holding
a vibrator and a moving plate, which is movable integrally
with the holder and is guided by a guide member, which is
a ball, in a moving direction. In this vibration-type driving
apparatus, a vibration damping member is disposed between
the holder and the moving plate so that abnormal noise is
hindered from occurring, the abnormal noise being caused
by repeated collisions between the moving plate and the
guide member at the time of acceleration/deceleration or
reciprocating driving at high speed.

[0003] However, when the vibration damping member is
used as in JP 2015-104144, the addition of the vibration
damping member causes an increase in the number of
assembling steps and an increase in a size of the apparatus.
Further, JP 2015-104144 does not consider abnormal noise
in the audible range generated in a contact body due to
vibration of the vibrator. That is, when the vibrator vibrates,
the contact body in contact with the vibrator also vibrates.
The vibrator may resonate due to a relationship between a
vibration frequency in the audible range in which the
vibrator is most likely to vibrate and a vibration frequency
of the contact body or a driving frequency of the vibrator.
When the vibrator resonates, abnormal noise in the audible
range occurs.

SUMMARY OF THE INVENTION

[0004] The present disclosure provides a vibration-type
driving apparatus which can hinder abnormal noise in the
audible range from occurring without adding a new member,
and an apparatus having the same.

[0005] A vibration-type driving apparatus according to
one aspect of the present disclosure includes a vibrator unit
including a vibrator in which vibration is excited by an
electro-mechanical energy convertor and a holder config-
ured to hold the vibrator, and a contact body in contact with
the vibrator. The vibrator and the contact body move relative
to each other when vibration at a frequency higher than an
audible range is excited in the vibrator. A predetermined
condition is satisfied.

[0006] An apparatus including the above vibration-type

driving apparatus also constitute another aspect of the pres-
ent disclosure.

[0007] Further features of the present disclosure will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a sectional view illustrating a configura-
tion of an image pickup apparatus according to embodi-
ments.

[0009] FIGS. 2A to 2D are diagrams illustrating a con-
figuration and an operation of a vibrator according to the
embodiments.

[0010] FIG. 3 is a diagram illustrating a vibration-type
motor according to the embodiments.

[0011] FIGS. 4A and 4B are diagrams illustrating a vibra-
tion mode of the vibrator and a friction member according
to the embodiments.

[0012] FIGS. 5A and 5B are diagrams illustrating a vibra-
tion mode of the vibrator and the friction member according
to the embodiments.

[0013] FIGS. 6A to 6D are diagrams illustrating a mecha-
nism of an occurrence of abnormal noise in the audible

range.
[0014] FIGS. 7A to 7D are diagrams illustrating a mecha-
nism of an occurrence of abnormal noise in the audible
range.

[0015] FIG. 8 is a diagram illustrating a friction member

according to a first embodiment.
[0016] FIGS. 9A and 9B are diagrams each illustrating a
friction member according to a second embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0017] Referring now to the accompanying drawings, a
description will be given of embodiments according to the
present disclosure.

First Embodiment

[0018] FIG. 1 illustrates a configuration of an image
pickup apparatus as an optical apparatus including a linear
vibration-type motor unit 100 as a vibration-type driving
apparatus according to a first embodiment of the present
disclosure. The image pickup apparatus includes an image
pickup lens unit 300 and a camera body 400 to which the
image pickup lens unit 300 is detachably attachable or
integrally provided. The image pickup lens unit 300 includes
inside the linear vibration-type motor unit 100 and a focus
lens 200 as a driven member driven by the vibration-type
motor unit 100 in a direction in which an optical axis O of
the image pickup lens unit 300 extends, which is also
referred to as an optical axis direction.

[0019] The camera body 400 includes inside an image
sensor 500 such as a CCD sensor or a CMOS sensor
configured to capture, i.e., to photoelectrically convert, an
object image formed by an image pickup optical system
including a focus lens 200 in the image pickup lens unit 300.
The focus lens 200 moves in the optical axis direction and
performs focusing so that the object image is in focus on the
image sensor 500.

[0020] The vibration-type driving apparatus may be pro-
vided in an optical apparatus other than the image pickup
apparatus or in various apparatuses other than the optical
apparatus.

[0021] FIGS. 2A and 2B illustrate a vibrator 1 of the linear
vibration-type motor unit 100. In FIGS. 2A and 2B, a +z
direction is a direction in which the vibrator 1 comes into
contact with a friction member 11 as a contact body
described later and in which the vibrator 1 is pressurized
against and in contact with the friction member 11 by
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pressing by a pressurizing unit described later, and an x
direction is a direction in which the vibrator 1 and the
friction member 11 move relative to each other. Ay direction
is a direction orthogonal to the x direction and the z
direction. FIG. 2A illustrates the vibrator 1 viewed from the
+z direction, and FIG. 2B illustrates the vibrator 1 viewed
from the +y direction.

[0022] The vibrator 1 includes an elastic body 2 and a
piezoelectric element 3 as an electro-mechanical energy
convertor adhered to the elastic body 2. The elastic body 2
includes driving protrusions 2a and 24, which are separated
from each other in the x direction, and fixed arm portions 2¢
and 2d disposed at both ends in the x direction. A two-phase
high-frequency voltage is applied to the piezoelectric ele-
ment 3 via a flexible printed circuit board (not illustrated).
When the two-phase high-frequency voltage is applied to the
piezoelectric element 3, vibration is excited in the elastic
body 2 by an electric-mechanical energy conversion (elec-
trostriction) action of the piezoelectric element 3. At this
time, vibration in the x direction as illustrated in FIG. 2C and
vibration in the z direction as illustrated in FIG. 2D are
excited in the elastic body 2. As a result, as illustrated in
FIG. 2B, at tips of the driving protrusions 2a and 25, feeding
vibration in the x direction and push-up vibration in the z
direction are combined and spheroidal motion in the xz
plane is caused.

[0023] In this embodiment, a frequency, which is a driving
frequency, of the high-frequency voltage applied to the
piezoelectric element 3 is 89 kHz, and a normal vibration
state, i.e., a normal vibration mode, at this driving frequency
is as illustrated in FIGS. 2C and 2D. In this vibration mode,
when the driving protrusions 2a and 2b are pressurized
against and in contact with the friction member 11 described
later, the frictional force between them causes the vibrator 1
and the friction member 11 to move relative to each other.

[0024] FIG. 3 illustrates a linear vibration-type motor unit
100 viewed from the +y direction. A fixing member 12 is
fixed to the focus lens 200 illustrated in FIG. 1 by a screw,
and fixes and holds the friction member 11 via a screw. The
friction member 11 transmits, to a second pressurizing plate
7, a pressurizing force from the pressurizing member 10
connected to a movable plate (not illustrated). Four pres-
surizing members 10 are arranged around the vibrator 1 in
the xy plane.

[0025] A lower surface of the second pressurizing plate 7
is provided with two hemispherical-shaped protrusions 7B at
the same position in the x direction and separated from each
other in the y direction. These two protrusions 7B are in
contact with an upper surface of a high rigid plate 6 as a first
pressurizing plate which is made of metal or the like and
faces the second pressurizing plate 7, the upper surface
being a surface opposite to a vibration isolating member 5
described later.

[0026] The vibration isolating member 5 is disposed
between a lower surface of the high rigid plate 6 and the
piezoelectric element 3 of the vibrator 1 illustrated in FIGS.
2A and 2B. Thereby, the pressurizing force from the pres-
surizing member 10 acts on the vibrator 1 via the second
pressurizing plate 7, the high rigid plate 6 and the vibration
isolating member 5 and pressurizes the vibrator 1 against the
friction member 11. As a result, the driving protrusions 2a
and 2b of the vibrator 1 are pressurized against and in
contact with the friction member 11.
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[0027] The vibration isolating member 5 transmits the
pressurizing force to the vibrator 1 without inhibiting the
vibration excited in the vibrator 1. The vibration isolating
member 5 may be made of felt, butyl rubber or gel.
[0028] In this embodiment, a pressure transferring mem-
ber 4 includes the high rigid plate 6 and the vibration
isolating member 5, and a pressurizing unit includes the
pressure transterring member 4, the pressurizing plate 7, the
pressurizing member 10, and the movable plate. In this
embodiment, a tension coil spring is used as the pressurizing
member 10, but a compression spring may be used.

[0029] The fixed arm portions 2¢ and 24 of the vibrator 1
are fixed to a vibrator holder 8 by adhesion or the like.
Thereby, a vibrator unit is acquired in which the vibrator 1
and the vibrator holder 8 are integrated. A movable support-
ing member 9 is integrated with the movable plate (not
illustrated) by a screw. A ball (not illustrated) is disposed
between the movable plate and a guide member (not illus-
trated), which is fixed to the fixing member 12 by a screw
so that the guide member is parallel to a surface of the
friction member 11, the surface being in contact with the
driving protrusions 2a and 25. When the movable plate
receives the pressurizing force from the pressurizing mem-
ber 10 connected to the movable plate, the guide member
and the movable plate holds the ball in the z direction. The
guide member is provided with a guide groove portion as a
V-groove portion extending in the x direction, and the ball
is disposed in this guide groove portion. Thereby, the
vibrator unit is movably guided in the x direction.

[0030] In this embodiment, the movable portion including
the vibrator unit (1, 8), the pressure transferring member 4
(5, 6), the second pressurizing plate 7, the movable support-
ing member 9, the pressurizing member 10, and the movable
plate moves in the x direction relative to a fixed unit
including the friction member 11, the fixing member 12 and
the guide member.

[0031] Next, a description will be given of a mechanism of
generating noise in the audible range caused by an occur-
rence of resonance in the vibrator unit with reference to
FIGS. 4A to 7D. FIG. 4A illustrates the vibrator 1 and the
vibrator holder 8 of the vibrator unit as viewed from the +y
direction. In this drawing, a heavy solid line SM, and a
heavy broken line SM,. represent primary out-of-plane
vibration, which is a vibration mode in the Z direction
generated in the vibrator unit. FIG. 5A illustrates the vibrator
1 and the vibrator holder 8 of the vibrator unit as viewed
from the +y direction. In this drawing, a heavy solid line
SM, and a heavy broken line S,,, represent primary rota-
tional vibration, which is a vibration mode in a rotational
direction around a Y axis, i.e., in a pitch direction, generated
in the vibrator unit. Vibration frequencies (natural frequen-
cies) of the vibrator unit in this embodiment are 4.5 kHz in
FIG. 4A and 4.8 kHz in FIG. 5A. These frequencies corre-
spond to frequencies fs,1, fsims foams - - - 5 fsamy (N is an
integer) of the vibration modes in the audible range among
a plurality of vibration modes of the vibrator unit. Here,
forn=4.5 kHz and £, ,,=4.8 kHz, which are representative
vibration frequencies, are given as examples.

[0032] Asillustrated in FIG. 4A, the vibration mode of the
vibrator unit is different from the normal vibration mode
illustrated in FIGS. 2B to 2D. The 4.5 kHz and 4.8 kHz
vibration modes described as the above examples are fre-
quencies within the audible range of 20 Hz to 20 kHz, and
these vibration modes increase vibration in the vibrator unit
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and cause abnormal noise in the audible range. This abnor-
mal noise may cause user’s discomfort when the linear
vibration-type motor unit 100 of this embodiment is used for
zoom driving or focus driving of an optical apparatus such
as an interchangeable lens and an image pickup apparatus,
or may be recorded as unnecessary noise when a motion
image is captured.

[0033] InFIGS. 4B and 5B, a heavy solid line SL,4 and a
heavy broken line SL, represent out-of-plane vibration,
which is a sixth-order natural vibration mode generated in
the friction member 11 when spheroidal motion in the xz
plane is excited at the tips of the driving protrusions 2a and
2b of the vibrator 1 and the vibration is transmitted to the
friction member 11. A frequency of the sixth-order natural
vibration mode, which is a natural frequency, of the friction
member 11 in this embodiment is 84.5 kHz, which corre-
sponds to a frequency fg; (fs;,¢) of the out-of-plane vibra-
tion occurring in friction member 11.

[0034] As described above, the frequency of the high-
frequency voltage applied to the piezoelectric element 3 in
this embodiment is 89 kHz, which corresponds to a driving
frequency f,, of the vibrator 1. The frequency of 89 kHz is
in the ultrasonic range above 20 kHz, which is higher than
the audible range.

[0035] FIG. 6A illustrates the vibrator 1, the vibrator
holder 8, the friction member 11 and the fixing member 12
of'the linear vibration-type motor unit 100 illustrated in FIG.
3, as viewed from the +y direction. FIG. 6B illustrates a state
in which the two-phase high-frequency voltage is applied to
the piezoelectric element 3 and the spheroidal motion in the
xz plane is excited at the tips of the driving protrusions 2a
and 2b. In this state, since the driving protrusions 2a and 25
are pressurized against and in contact with the friction
member 11 and friction occurs between them, the vibration
of the vibrator 1 is transmitted to the friction member 11.
[0036] FIG. 6C illustrates a state in which the friction
member 11 vibrates with its natural frequency after the state
of FIG. 6B. Here, a state is illustrated in which the friction
member 11 is in the sixth-order natural vibration mode and
vibrates in the out-of-plane direction. There are various
natural vibration modes in a manner of primary, secondary,
and so on, and there are various vibration directions such as
in-plane and out-of-plane. Here, the out-of-plane vibration
of the sixth-order natural vibration mode is described.
[0037] In FIG. 6D, the friction member 11 is vibrating in
the sixth-order natural vibration mode as illustrated in FIG.
6C, and the vibrator unit to which the vibration is transmit-
ted vibrates with the primary out-of-plane vibration repre-
sented by a heavy solid line SM, and a heavy broken line
SM, , the out-of-plane vibration being the vibration mode in
the Z direction as illustrated in FIG. 4A.

[0038] When the vibrator 1 vibrates at the driving fre-
quency, the vibrator unit and the friction member 11 receive
each other’s vibrations, and as the vibrations approach their
natural frequencies, amplitudes of the vibrations increase
and the state eventually becomes a resonant state.

[0039] The condition in which the resonance is strong is
expressed by the following expression (1).

JotfsunTse (6]

[0040] As described above, f,, represents the driving fre-
quency of the vibrator 1, {;, - represents the frequency f,,
forms fsagss - - -5 OF Ty (N is an integer) of a vibration mode
in the audible range among the plurality of vibration modes
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of the vibrator unit, and f;; represents the frequency of
out-of-plane vibration of the friction member 11. In this
embodiment, f;; is the frequency fg;,s of the sixth-order
natural vibration mode.

[0041] For example, if the above-described frequency is
substituted into the expression (1), the following equation is
established.

89-4.5=84.5 (fy15) kHz

[0042] This embodiment focuses on the out-of-plane
vibration of the sixth-order natural vibration mode of the
friction member 11, but if, for example, a frequency {;,, of
the out-of-plane vibration of a seventh-order natural vibra-
tion mode is substituted into the expression (1), the follow-
ing equation is established.

89+4.5=93.5 kHz

[0043] That is, the expression (1) indicates that the fre-
quency (f,*f,,,,) matches with the frequency fg, of the
out-of-plane vibration of the friction member 11, the fre-
quency (fy+fg, ) being acquired by adding or subtracting,
to or from the driving frequency f,, of the vibrator 1, the
frequency fg1s foams fsagss - - - » OF Top e (N is an integer) of
the vibration mode in the audible range among the plurality
of vibration modes of the vibrator unit. In this state, abnor-
mal noise in the audible range is likely to occur as described
above. It is necessary to satisfy the following expression (2)
so that the abnormal noise in the audible range is hindered
from occurring.

Jofsun=fse ()]

[0044] The difference between f,,*f,, and f;; may be 0.4
kHz or more, and may be 1.0 kHz or more.

[0045] A specific example will be described below. FIG.
7A illustrates the vibrator 1, the vibrator holder 8, the
friction member 11 and the fixing member 12 of the linear
vibration-type motor unit 100 illustrated in FIG. 3, when
viewed from the +y direction.

[0046] FIG. 7B illustrates a state in which a two-phase
high-frequency voltage is applied to the piezoelectric ele-
ment 3 and the spheroidal motion in the xz plane is excited
at the tips of the driving protrusions 2a and 24. In this state,
since the driving protrusions 2a and 2b are pressurized
against and in contact with the friction member 11 and
friction occurs between them, the vibration of the vibrator 1
is transmitted to the friction member 11.

[0047] FIG. 7C illustrates a state in which the friction
member 11 vibrates with its natural frequency after the state
of FIG. 7B. Here, a state is illustrated in which the friction
member 11 is in the sixth-order natural vibration mode and
vibrates in the out-of-plane direction. There are various
natural vibration modes in a manner of primary, secondary,
and so on, and there are various vibration directions such as
in-plane and out-of-plane. Here, the out-of-plane vibration
of the sixth-order natural vibration mode is described.
[0048] In FIG. 7D, vibration of the sixth-order natural
vibration mode occurs, and the vibrator unit to which the
vibration is transmitted vibrates with the primary rotational
vibration represented by the heavy solid line SM, and the
heavy broken line SM,,, the primary rotational vibration
being the vibration mode in the rotational direction around
the Y axis, i.e., in the pitch direction, as illustrated in FIG.
5A.

[0049] When the vibrator 1 vibrates at the driving fre-
quency, the vibrator unit and the friction member 11 receive
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each other’s vibrations, and as the vibrations approach their
natural frequencies, amplitudes of the vibrations increase
and the state eventually becomes a resonant state. The
condition thereof is expressed by the above expression (1).
[0050] As described above, f,, represents the driving fre-
quency of the vibrator 1, f, ., represents the frequency f,,,
forms fsagss - - -5 OF Ty (N is an integer) of a vibration mode
in the audible range among the plurality of vibration modes
of the vibrator unit, and f;; represents the frequency of
out-of-plane vibration of the friction member 11. In this
embodiment, f; is the frequency f;,, of the sixth-order
natural vibration mode.

[0051] Here, when the above-mentioned frequency is sub-
stituted into the expression (1), the following equation is
acquired.

89-4.8=84.2 kHz

[0052] The result does not exactly match with but is close
to 84.5 (fy;,s) kHz. This embodiment focuses on the out-
of-plane vibration of the sixth-order natural vibration mode
of the friction member 11, but for example, the frequency
fs,; of the out-of-plane vibration of the seventh-order
natural vibration mode is as described above, and a detailed
description thereof is omitted. That is, it is assumed that the
expression (1) is established even when the frequency
(fpxfsam) does not exactly match with the frequency f; of
the out-of-plane vibration of the friction member 11, the
frequency (f,+f,,) being acquired by adding or subtract-
ing, to or from the driving frequency f,,, the frequency fg, -
(N is an integer) of the vibration mode in the audible range.
A relationship between vibration and a frequency is not
sharp but has a certain degree of spread, and an amplitude
of vibration increases as a frequency approaches a natural
frequency, that is, a frequency that affects resonance has
some range. In this state, abnormal noise in the audible range
is likely to occur. It is necessary to satisfy the following
expression (2) so that the abnormal noise in the audible
range is hindered from occurring.

Jofsam=fse ()]

[0053] The difference between f,+f,,, and f;; may be 0.4
kHz or more, and may be 1.0 kHz or more.

[0054] In this embodiment, a friction member 110 having
a shape illustrated in FIG. 8 is used as the friction member
11 illustrated in FIG. 3. FIG. 8 illustrates the friction
member 110 when viewed from the +y direction. In the
friction member 110, with respect to S, and S;, ., indicat-
ing the out-of-plane vibration in the sixth-order natural
vibration mode illustrated in FIGS. 4B and 5B, rigidity in the
out-of-plane direction (z direction) at an anti-node portion in
the x direction of the out-of-plane vibration is different from
rigidity in the out-of-plane direction at a portion other than
the anti-node portion in the x direction of the out-of-plane
vibration. Specifically, in the friction member 110, a thick-
ness in the z direction at the anti-node portion of the
out-of-plane vibration is different from a thickness in the z
direction at the portion other than the anti-node portion.
[0055] Inparticular, FIG. 8 illustrates an example in which
rigidity in the z direction at the anti-node portion is made
lower than rigidity in the z direction at the portion other than
the anti-node portion. Specifically, an uneven shape is
formed on a surface of the friction member 110, the surface
being opposite to a surface in contact with the vibrator 1 (the
driving protrusions 2a and 25b) so that the thickness in the z
direction at the anti-node portion of the out-of-plane vibra-

Mar. 31, 2022

tion is made thinner by 0.2 mm than the thickness in the z
direction at the portion other than the anti-node portion.
[0056] Since the friction member 110 has such a shape, as
compared with a case where the friction member 110 does
not have such a shape, it is possible to lower the frequency
of the out-of-plane vibration of each of the sixth- and
seventh-order natural vibration modes of the friction mem-
ber 110, the frequency being closest to a frequency acquired
by adding or subtracting, to or from the driving frequency f,,
of'the vibrator 1, the frequency fs,,, fsams fsamss - - -5 O Toamm
(N is an integer) of the vibration mode in the audible range
among the plurality of vibration modes of the vibrator unit.
As a result, the expression (2):

Jofsun=fse

is satisfied, and abnormal noise in the audible range can be
hindered from occurring.

Second Embodiment

[0057] Next, a second embodiment of the present disclo-
sure will be described. This embodiment uses, as the friction
member 11 illustrated in FIG. 3, a friction member 111
having a shape illustrated in FIG. 9A or a friction member
112 having a shape illustrated in FIG. 9B. In this embodi-
ment, in a view from a direction in which the vibrator 1
comes into contact with each friction member, i.e., in a z
direction view, in each of the friction members 111 and 112,
a first range is a range in the x direction and overlaps a range
in which the movable portion described above moves, and a
second range is a range in the x direction and does not
overlap the range in which the movable portion moves.
Rigidity in the z direction in the first range is different from
and rigidity in the z direction in the second range. Specifi-
cally, a thickness in the z direction in the first range is
different from a thickness in the z direction in the second
range. More specifically, a step is provided between the first
range and the second range on a surface of the friction
member 111 or 112, the surface being opposite to a surface
in contact with the vibrator 1.

[0058] In the friction member 111, the thickness in the z
direction in the first range is made thinner by 0.2 mm than
the thickness in the z direction in the second range. As a
result, in the friction member 111, the rigidity in the z
direction of the first range is lower than the rigidity in the z
direction of the second range.

[0059] In friction member 112, the thickness in the z
direction in the second range is made thinner by 0.2 mm than
the thickness in the z direction in the first range. Thereby, in
the friction member 112, the rigidity in the z direction of the
second range is lower than the rigidity in the z direction of
the first range.

[0060] Since the friction members 111 and 112 have these
shapes, frequencies of out-of-plane vibration of sixth and
seventh order natural vibration modes of the respective
friction members become lower than those in a case where
the friction members do not have the above shapes. As a
result, £,+f, =f., of the expression (2) is satisfied, and it is
possible to reduce the occurrence of abnormal noise in the
audible range.

[0061] In each of the above embodiments, a description
has been given of the vibration-type driving apparatus in
which the vibrator and the friction member move relative to
each other in the linear direction, but the present disclosure
can also be applied to a vibration-type driving apparatus in
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which a vibrator and an annular friction member move
relative to each other in a rotational direction.
[0062] According to the above embodiments, in the vibra-
tion-type driving apparatus, it is possible to reduce the
occurrence of abnormal noise in the audible range without
adding a new member.
[0063] While the present disclosure has been described
with reference to exemplary embodiments, it is to be under-
stood 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 encom-
pass all such modifications and equivalent structures and
functions.
[0064] This application claims the benefit of Japanese
Patent Application No. 2020-166207, filed on Sep. 30, 2020
which is hereby incorporated by reference herein in its
entirety.
What is claimed is:
1. A vibration-type driving apparatus comprising:
a vibrator unit including:
a vibrator in which vibration is excited by an electro-
mechanical energy convertor; and
a holder configured to hold the vibrator; and
a contact body in contact with the vibrator,
wherein the vibrator and the contact body move relative
to each other when vibration at a frequency higher than
an audible range is excited in the vibrator, and
wherein the contact body has a shape that satisfies a
following condition:

Jofsam=fse

where f, represents a driving frequency of the vibrator, f,
(N is an integer) represents a frequency of a vibration mode
in the audible range among a plurality of vibration modes of
the vibrator unit, and {, represents a frequency of out-of-
plane vibration occurring in the contact body.
2. The vibration-type driving apparatus according to
claim 1,
wherein a difference between f,+f, - and {;; is 0.4 kHz
or more.
3. The vibration-type driving apparatus according to
claim 1,
wherein the contact body has a shape with which rigidity
in an out-of-plane direction at an anti-node portion of
out-of-plane vibration at f; closest to f#f, ., is dif-
ferent from rigidity in the out-of-plane direction at a
portion other than the anti-node portion.
4. The vibration-type driving apparatus according to
claim 3,
wherein the contact body has a shape with which a
thickness in the out-of-plane direction at the anti-node
portion is different from a thickness in the out-of-plane
direction at the portion other than the anti-node portion.
5. The vibration-type driving apparatus according to
claim 4,
wherein the contact body has an uneven shape on a
surface opposite to a surface in contact with the vibra-
tor so that the thickness at the anti-node portion is
different from the thickness at the portion other than the
anti-node portion.
6. The vibration-type driving apparatus according to
claim 1,
wherein the contact body has a shape with which rigidity
in an out-of-plane direction in a first range is different
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from rigidity in the out-of-plane direction in a second

range, the first range overlapping a range in which the

vibrator moves when viewed from a direction in which
the vibrator comes into contact with the contact body,

a second range not overlapping the range in which the

vibrator moves.

7. The vibration-type driving apparatus according to
claim 6,

wherein on a surface opposite to a surface in contact with

the vibrator, the contact body is provided with a step

between the first range and the second range so that the
thickness in the first range is different from the thick-
ness in the second range.

8. The vibration-type driving apparatus according to
claim 1, further comprising a pressurizing unit configured to
pressurize the vibrator so as to make the vibrator come into
contact with the contact body,

wherein the pressurizing unit includes:

a first pressurizing plate;

a vibration isolating member provided between the first
pressurizing plate and the vibrator;

a second pressurizing plate facing the first pressurizing
plate on an opposite side from the vibration isolating
member, and having a protrusion coming into con-
tact with the first pressurizing plate; and

a pressurizing member configured to provide the sec-
ond pressurizing plate with a pressurizing force.

9. The vibration-type driving apparatus according to
claim 1,

wherein the vibrator includes two driving protrusions

which are in contact with the contact body, and

wherein in the vibrator, vibration is excited that causes
tips of the driving protrusions to perform spheroidal
motion in a plane including (a) a direction in which the
vibrator and the contact body move relative to each
other, and (b) a direction in which the vibrator comes
into contact with the contact body.

10. The vibration-type driving apparatus according to
claim 1,

wherein among frequencies of vibration modes in the

audible range of the vibrator unit, the fg,, is (a) a

lowest-order vibration mode of vibration in a direction

in which the vibrator comes into contact with the
contact body, and (b) a lowest-order vibration mode of

vibration mainly including rotation around an axis in a

direction orthogonal to both directions in one of which

the vibrator and the contact body move relative to each
other and in the other of which the vibrator comes into
contact with the contact body.

11. An apparatus comprising:

a vibration-type driving apparatus; and

a driven member driven by the vibration-type driving

apparatus,

wherein the vibration-type driving apparatus includes:

a vibrator unit including:

a vibrator in which vibration is excited by an electro-
mechanical energy convertor; and
a holder configured to hold the vibrator; and

a contact body in contact with the vibrator,

wherein the vibrator and the contact body move relative

to each other when vibration at a frequency higher than

an audible range is excited in the vibrator, and
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wherein the contact body has a shape that satisfies a
following condition:

JSotfsam*fse

where f, represents a driving frequency of the vibrator, f,
(N is an integer) represents a frequency of a vibration mode
in the audible range among a plurality of vibration modes of
the vibrator unit, and {, represents a frequency of out-of-
plane vibration occurring in the contact body.

12. The apparatus according to claim 11,

wherein the apparatus is an optical apparatus including a

lens as the driven member.

#* #* #* #* #*
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