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(54) INERTIAL DRIVE ACTUATOR

(57) An inertial drive actuator includes a displace-
ment unit 3, a vibration substrate 4, a first magnetic field
generator 11 which generates a magnetic field, a mova-
ble body 10 which is disposed on a flat surface of the
vibration substrate 4, and which includes a first yoke 9
that concentrates a magnetic flux of an N-pole and an S-
pole generated by the first magnetic field generator 11,
at a predetermined position, and a second yoke 12 which
is disposed on a side of the vibration substrate, opposite
to a direction facing the movable body 10. A movement
in a direction perpendicular to a direction in which, the
movable body 10 is driven is regulated mechanically by
end portions of the second yoke 12 facing end portions
of the first yoke 9 at an outer side of the vibration substrate
4, and a frictional force acting between the movable body
10 and the vibration substrate 4 is controlled by control-
ling the magnetic field generated by the first magnetic
field generator 11, and the movable body 10 is driven.
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Description

BACKGROUND OF THE INVENTION

Technical Field

[0001] The present invention relates to an inertial drive actuator which moves a movable body in a predetermined
direction.

Background Art

[0002] An actuator which displaces a drive shaft in an axial direction by supplying a saw-tooth wave drive pulse to an
electromechanical transducer fitted to the drive shaft, and moves a movable member that has been friction-fitted to the
drive shaft in the axial direction has been known (hereinafter, such actuator will be called as an ’impact drive actuator’
or an ’inertial drive actuator’).
[0003] Such impact drive actuator has been disclosed in patent literature 1. Fig. 10A is a diagram showing an arrange-
ment thereof. A vibration member 103 is inserted through holes cut through rising portions of a supporting member 101,
and is disposed to be movable in an axial direction of the vibration member 103. One end of the vibration member 103
is fixed to one end of a piezoelectric element 102, and the other end of the piezoelectric element 102 is fixed to the
supporting member 101.
[0004] Therefore, the vibration member 103 vibrates in the axial direction with the vibration of the piezoelectric element
102. Two holes are provided in a movable body 104 as well, and the vibration member 103 is inserted through these
two holes. Furthermore, a plate spring 105 is fitted to the movable body 104 from a lower side, and a protrusion provided
to the plate spring 105 is pressed against the vibration member 103. Due to pressing by the plate spring 105 in such
manner, the movable body 104 and the vibration member 103 are friction-fitted mutually.
[0005] Drive waveforms for driving the impact drive actuator are shown in Fig. 10B and Fig. 10C. Fig. 10B shows a
drive waveform for moving the movable body 104 toward right and Fig. 10C shows a drive waveform for moving the
movable body 104 toward left. A principle of operation of the impact drive actuator will be described by using these drive
waveforms. In the following description, a direction in which, the piezoelectric element 102 elongates is let to be a leftward
direction, and a direction in which, the piezoelectric element 102 contracts is let to be a rightward direction.
[0006] A vertical axis V indicates voltage and a horizontal axis T indicates time. Same reference numerals are used
in Fig. 10A and Fig. 10B.
[0007] In a case of moving the movable body 104 in the rightward direction, the drive waveform shown in Fig. 10B is
used. The drive waveform has a portion that rises steeply and a portion that falls gently. At the portion where the drive
waveform rises steeply, the piezoelectric element 102 is elongated rapidly. Here, since the vibration member 103 is
fixed to the piezoelectric element 102, the vibration member 103 moves leftward rapidly with the rapid elongation of the
piezoelectric element 102. At this time, as an inertia of the movable body 104 overcomes a friction-fitting force between
the movable body 104 and the vibration member 103 (frictional force between the movable body 104 which is pressed
by the plate spring 105, and the vibration member 103), the movable body 104 halts at that position without moving in
the leftward direction.
[0008] Next, at the portion where the drive waveform falls gently, the piezoelectric element 102 contracts gradually.
The vibration member 103 moves slowly in the rightward direction with the gradual contraction of the piezoelectric
element 102. In this case, the inertia of the movable body 104 is incapable of overcoming the friction-fitting force between
the movable body 104 and the vibration member 103. Therefore, the movable body 104 moves in the rightward direction,
with the movement of the vibration member 103.
[0009] On the other hand, in a case of moving the movable body 104 in the leftward direction, the drive waveform
shown in Fig. 10C is to be used. The drive waveform has a portion that rises gently and a portion that falls steeply. At
the portion where the drive waveform rises gently, the piezoelectric element 102 is elongated gently. In this case, the
vibration member 103 moves slowly in the leftward direction in response to the gentle elongation of the piezoelectric
element 102. In this case, the inertia of the movable body is not capable of overcoming the friction-fitting force between
the movable body 104 and the vibration member 103. Therefore, the movable body 104 moves in the leftward direction,
with the movement of the vibration member 103.
[0010] Next, at the portion where the drive waveform rises steeply, as the inertia of the movable body 104 overcomes
the friction-fitting force between the movable body 104 and the vibration member 103, as shown in Fig. 10B, the movable
body 104 halts at that position without moving in the rightward direction.
[0011] By the plate spring 105 being pressed against the vibration member 103 all the time, the movable body 104 is
supported by the vibration member 103 by friction. Therefore, even when the movable body 104 is at halt, that position
is maintained.
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[0012] In such manner, the impact drive actuator is an actuator in which, the friction-fitting and inertia between the
movable body 104 and the vibration member 103 are used, and is an actuator which is capable of moving the movable
body 104 by using the drive waveforms shown in Fig. 10B and Fig. 10C.

Citation list

Patent literature

[0013] Patent literature 1: Japanese Patent Application Laid-open Publication No. 2007-288828.

Summary of the Invention

Technical Problem

[0014] The impact drive actuator described in patent literature 1 applies a frictional force to the vibration member 103
and the movable body 104 by the plate spring 105. However, since the plate spring 105 is in contact with the vibration
member 104 all the time, desired frictional force cannot be achieved due to an effect of factors such as wearing away.
Therefore, there is a possibility that the impact drive actuator described in patent literature 1 becomes incapable of
performing stably over a long period.
[0015] The present invention has been made in view of the abovementioned circumstances, and an object of the
present invention is to provide an inertial drive actuator which is capable of moving or driving a movable body without
much effect of factors such as wearing away, and in which, the durability of wiring is improved and breaking of wire is
prevented, thereby making it possible to carry out stable drive over a long period of time.
[0016] An inertial drive actuator includes
a displacement unit which causes a minute displacement in a first direction, and in a second direction which is opposite
to the first direction,
a vibration substrate which undergoes reciprocating movement due to the minute displacement caused by the displace-
ment unit,
a first magnetic field generator which generates a magnetic field,
a movable body which is disposed on a flat surface of the vibration substrate, and which includes a first yoke that
concentrates a magnetic flux of an N-pole (North pole) and an S-pole (South pole) generated by the first magnetic field
generator, at a predetermined position, and
a second yoke which is disposed on a side of the vibration substrate, opposite to a direction facing the movable body, and
a movement in a direction perpendicular to a direction in which, the movable body is driven is regulated mechanically
by end portions of the second yoke facing end portions of the first yoke at an outer side of the vibration substrate, and
a frictional force acting between the movable body and the vibration substrate is controlled by controlling the magnetic
field generated by the first magnetic field generator, and the movable body is driven.
[0017] Moreover, according to a preferable aspect of the present invention, it is desirable that the inertial drive actuator
includes a second magnetic field generator, which generates a magnetic field in addition to the magnetic field generated
by the first magnetic field generator so that, a magnetic attractive force or a magnetic repulsive force acts in a direction
of the movable body, opposite to the vibration substrate.
[0018] Furthermore, according to another preferable aspect of the present invention, it is desirable that the first magnetic
field generator is an electromagnetic coil.
[0019] According to still another preferable aspect of the present invention, it is desirable that the second magnetic
field generator is a permanent magnet.
[0020] According to still another preferable aspect of the present invention, it is desirable that the displacement unit
is a piezoelectric element.
[0021] According to still another preferable aspect of the present invention, it is desirable that the vibration substrate
is a non-magnetic body.
[0022] According to still another preferable aspect of the present invention, it is desirable that the vibration substrate
includes a non-magnetic portion and a magnetic portion.
[0023] According to still another preferable aspect of the present invention, it is desirable that at least a part of the
vibration substrate includes the first magnetic field generator.
[0024] According to still another preferable aspect of the present invention, it is desirable that at least a part of the
vibration substrate includes the second magnetic field generator.
[0025] According to still another aspect of the present invention, it is desirable that the vibration substrate functions
also as the second yoke.
[0026] According to still another aspect of the present invention, it is desirable that the movable body includes a
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permanent magnet.

Advantageous Effects of Invention

[0027] According to the present invention, it is possible to provide an inertial drive actuator which enables to reduce
an effect of factors such as wearing away by using the magnetic force, to move or to drive a movable body efficiently
by using a yoke, and in which, the durability of wiring is improved and breaking of wire is prevented, thereby making it
possible to carry out stable drive over a long period of time.

Brief Description of Drawings

[0028]

Fig. 1A, Fig. 1B, Fig. 1C, and Fig. 1D are diagrams showing a structure of an inertial drive actuator according to a
first embodiment of the present invention, where, Fig. 1A is a side view, Fig. 1B is a cross-sectional view, Fig. 1C
is an A-A cross-sectional view, and Fig. 1D is a cross-sectional view of a modified example;
Fig. 2A is a diagram showing a structure of an inertial drive actuator according to a second embodiment of the
present invention, and Fig. 2B is a diagram showing a structure of an inertial drive actuator according to a third
embodiment of the present invention;
Fig. 3A and Fig. 3B are diagrams showing a structure of an inertial drive actuator according to a fourth embodiment
of the present invention, where, Fig. 3A is a side view and Fig. 3B is an A-A cross-sectional view;
Fig. 4A and Fig. 4B are diagrams showing a structure of an inertial drive actuator according to a fifth embodiment
of the present invention, where, Fig. 4A is a side view, and Fig. 4B is an A-A cross-sectional view;
Fig. 5A and Fig. 5B are diagrams showing a structure of an inertial drive actuator according to a sixth embodiment
of the present invention, where, Fig. 5A is a side view, and Fig. 5B is an A-A cross-sectional view;
Fig. 6A, Fig. 6B, and Fig. 6C are diagrams showing three different arrangements for connecting a piezoelectric
element and a vibration substrate;
Fig. 7 is a diagram showing a driving method for driving the inertial drive actuator according to the first embodiment;
Fig. 8A, Fig. 8B, and Fig. 8C are diagrams showing a structure of an inertial drive actuator according to a seventh
embodiment of the present invention, where, Fig. 8A is a side view, Fig. 8B is a top view, and Fig. 8C is a cross-
sectional view;
Fig. 9A, Fig. 9B, and Fig. 9C are diagrams showing a driving method for driving the inertial drive actuator according
to the seventh embodiment; and
Fig. 10A, Fig. 10B, and Fig. 10C are diagrams showing a conventional impact drive actuator, where, Fig. 10A is a
perspective view showing an arrangement, Fig. 10B is a drive waveform for moving a movable body to right, and
Fig. 10C is a drive waveform for moving the movable body to left.

DESCRIPTION OF Embodiments

[0029] An action and an effect due to an arrangement of an inertial drive actuator according to exemplary embodiments
of the present invention will be described below. However, the present invention is not restricted to the embodiments
described below. In other words, the description of the embodiments includes specific contents in detail for the sake of
exemplification, and variations and modifications made in the contents in detail fall within the scope of the present
invention. Accordingly, the exemplary embodiments of the present invention below are described without loss of generality
of the invention claimed, and without restricting the invention claimed.

(First embodiment)

[0030] An inertial drive actuator 100 according to a first embodiment of the present invention is shown in Fig. 1A, Fig.
1B, Fig. 1C, and Fig. 1D. Fig. 1A is a top view of the inertial drive actuator 100, Fig. 1B is a side view of the inertial drive
actuator 100, and Fig. 1C is a cross-sectional view at a position indicated by A-A in Fig. 1A.
[0031] The inertial drive actuator 100 of the first embodiment includes a piezoelectric element (displacement unit) 3,
a vibration substrate 4, a movable body 10, and a fixed body 20. The piezoelectric element 3 and the vibration substrate
4 are positioned on an upper portion of the fixed body 20, and the movable body 10 is positioned at an upper portion of
the vibration substrate 4. The movable body 10 has a function of a first yoke 9.
[0032] Both the piezoelectric element 3 and the vibration substrate 4 are members in the form of a plate. Here, a
material of a non-magnetic body is used for the vibration substrate 4. One end of the piezoelectric element 3 and one
end of the vibration substrate 4 are connected mechanically. However, an arrangement is not restricted to connecting
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mechanically, and the two may be connected by sticking. The piezoelectric element 3 and the vibration substrate 4 are
placed on an upper portion of the fixed body 20. The piezoelectric element 3 causes a minute displacement, and the
vibration substrate 4 undergoes a reciprocating movement due to the minute displacement caused by the piezoelectric
element 3.
[0033] According to such arrangement, the piezoelectric element 3 (displacement unit) causes minute displacement
in a first direction, and in a second direction which is opposite to the first direction. Due to the minute displacement
caused by the piezoelectric element 3, the vibration substrate 4 undergoes reciprocating movement. The movable body
10 is disposed on a flat surface of the vibration substrate 4. The movable body 10 disposed on the flat surface of the
vibration substrate 4 has a function of the first yoke 9, which is a function of concentrating a magnetic flux of an N-pole
and an S-pole generated by a coil 11 (first magnetic field generator) at a predetermined position.
[0034] In the cross-sectional view shown in Fig. 1C, the coil 11 (first magnetic field generator) which generates a
magnetic field so that a magnetic attractive force or a magnetic repulsive force acts toward the fixed body 20 is provided
in a direction of the vibration substrate 4, opposite to the movable body 10. The coil 11 is a coil such as an electromagnetic
coil wound around a coil-core.
[0035] Moreover, second yokes 12 and 22 (magnetic flux inducing members) which induce a magnetic flux generated
by the coil 11 are formed around the coil 11 such that, both the N-pole and the S-pole of the magnetic flux generated
by the coil are concentrated. Here, a member for winding the coil 11 functions also as the second yoke 12.
[0036] The second yokes 12 and 22 control a frictional force acting between the movable body 10 and the vibration
substrate 4 by controlling the magnetic field generated by the coil 11 such that, the N-pole and the S-pole of the magnetic
flux generated by the coil 11 are concentrated on a surface (predetermined position) toward the fixed body 20, and drive
the movable body 10.
[0037] Here, end portions of the first yoke 9, or in other words the movable body 10, and end portions of the second
yoke 22 are face-to-face. Accordingly, it is possible to regulate mechanically a movement in a direction perpendicular
to a direction in which, the movable body 10 is driven.
[0038] According to such arrangement, since the coil 11 is provided toward the fixed body 20, there is no wire on the
movable body 10. Therefore, a durability of wiring is improved and breaking of wire is prevented, thereby making it
possible to carry out stable drive over a long period of time. Since the wire does not exist, it is possible to carry out stable
drive without giving rise to any load, and therefore it is desirable.
[0039] It is possible to have an arrangement in which, a permanent magnet 21 (second magnetic field generator)
which generates a magnetic field so that the magnetic attractive force or the magnetic repulsive force acts in a direction
of the vibration substrate 4, opposite to the movable body 10 is provided in addition to the coil 11 (first magnetic field
generator).
[0040] The second yoke 22 is disposed with respect to the permanent magnet 21 (second magnetic field generator)
to induce the magnetic flux generated in the permanent magnet 21 (second magnetic field generator) such that both the
N-pole and the S-pole of the magnetic flux generated in the permanent magnet (second magnetic field generator) along
with the coil 11 (first magnetic field generator) are concentrated on a surface (predetermined position) toward the movable
body 20. Moreover, the frictional force acting between the movable body 10 and the vibration substrate 4 is controlled
by controlling the magnetic field generated by at least one of the magnetic field generators namely, the coil 11 (first
magnetic field generator) and the permanent magnet 21 (second magnetic field generator), and the movable body 10
is driven.
[0041] The description will be made more concretely. As shown in Fig. 1C, the fixed body 20 includes the coil 11, the
second yokes (magnetic flux inducing members) 12 and 22, and furthermore, the permanent magnet 21 (second magnetic
field generator). The permanent magnet 21 is a rectangular parallelepiped member of which, one of surface sides (upper-
side surface) is an N-pole and the other surface side (lower-side surface) is an S-pole. Moreover, in the first embodiment,
a length in a longitudinal direction of the coil 11 is almost same as a length in the longitudinal direction of the permanent
magnet 21. The second yoke 22 is a box-shaped member. The permanent magnet 21 is fixed to a bottom-surface portion
of the second yoke 22. Accordingly, it is possible to show an effect of preventing leakage of the magnetic flux to an outside.
[0042] The coil 11 is fixed to the permanent magnet 21 (or the second yoke 22) all the time. Therefore, the coil 11
does not move with the movement of the movable body 10. Consequently, the wires connected to the coil 11 do not move.
[0043] In such manner, by providing the permanent magnet 21, a retaining force acts on the movable body 10 all the
time even when no electric current is passed through the coil 11. Therefore, it is possible to drive stably even when an
overall system of the inertial drive actuator is inclined.

(Modified example of first embodiment)

[0044] Moreover, it is possible to let a cross-sectional arrangement as shown in Fig. 1D with respect to an arrangement
shown in Fig. 1C. An inertial drive actuator 120 shown in Fig. 1D does not include the permanent magnet 21. Therefore,
with respect to the vibration substrate 4, the movable body 10 is in a state of being placed by a gravitational force.
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[0045] Next, an operation of the inertial drive actuator 100 will be described below. A driving principle (driving method)
will be described by referring to Fig. 7.
[0046] In an arrangement such as the one aforementioned, an electric current is passed through the coil 11 such that
the N-pole is generated in an upward direction of a paper surface. As the electric current is passed through the coil 11,
the N-pole is concentrated at an upper central portion P1 of the second yoke 12, and the S-pole is concentrated at a
lower central portion P2 of the second yoke 12.
[0047] Here, the second yoke 22 is disposed on both sides of the coil 11. Therefore, it is possible to suppress the
leakage of the magnetic flux generated by the coil 11 to the outside by the second yoke 22. The N-pole is concentrated
at a lower central portion P3 of the second yoke 22. The S-pole is concentrated at two upper end portions P4 of the
second yoke 22.
[0048] Whereas, in the movable body 10, the S-pole, which is an opposite polarity, is induced at a central portion P5
of the first yoke 9. Moreover, the N-pole is concentrated at both end portions P6 of the movable body 10.
[0049] As a result, a strong magnetic adsorptive force is generated toward a lower side of the paper surface with
respect to the movable body 10.
[0050] Here, the coil 11 and the permanent magnet 21 are in a state of being enclosed by the first yoke 9 and the
second yoke 22. Therefore, it is possible to suppress the leakage of the magnetic flux generated by the coil 11 and the
permanent magnet 21, to the outside by the first yoke 9 and the second yoke 22.
[0051] Whereas, counter to the abovementioned magnetic flux, in a case in which, an electric current is passed through
the coil 11 such that the S-pole is concentrated at the upper central portion P1 of the second yoke 12, the magnetic
adsorptive force decreases. Moreover, by changing the electric current passed through the coil 11, it is possible to
change the strength of a normal force acting on the vibration substrate 4 of the movable body 10. By making such
arrangement, it is possible to control the frictional force between the movable body 10 and the vibration substrate 4.
[0052] In such manner, in the inertial drive actuator 100 of the first embodiment, the magnetic force is used for moving
or driving the movable body 10. In other words, in the inertial drive actuator 100 of the first embodiment, a member such
as an elastic body which wears away when the inertial drive actuator 100 is driven, has not been used. Therefore, even
when the movable body 10 is moved or driven, it is not worn away. As a result, it is possible to move or to drive (to move
to a desired position or to hold at a desired position) the movable body 10 stably over a long period of time. Moreover,
in the inertial drive actuator 100 of the first embodiment, since the yoke is used, it is possible to suppress the leakage
of the magnetic flux to the outside. Accordingly, since it is possible to generate efficiently the magnetic adsorptive force
or the magnetic repulsive force, it is possible to move or to drive the movable body 10 efficiently.
[0053] In such manner, in the inertial drive actuator 100 of the first embodiment, the leakage of the magnetic flux to
the outside is suppressed for each of the movable body 10 and the fixed body 20, and accordingly, it is possible to
concentrate the S-pole and the N-pole in a predetermined area. Therefore, it is possible to generate the magnetic
adsorptive force efficiently toward lower side of the paper surface between the movable body 10 and the fixed body 20.
[0054] As aforementioned, in the inertial drive actuator 100 of the first embodiment, the magnetic power is used for
moving or driving the movable body 10. In other words, in the inertial drive actuator 100 of the first embodiment, no
member such as an elastic body which is worn away when driven has been used. Therefore, there is no wearing away
even when the movable body 10 is moved or driven. As a result, it is possible to move or drive (to move to a desired
position or to hold at a desired position) the movable body 10 stably over a long period of time. Moreover, in the inertial
drive actuator 100 of the first embodiment, since the yoke is used, it is possible to suppress the leakage of the magnetic
flux to the outside. Accordingly, it is possible to generate efficiently the magnetic adsorptive force or the magnetic
repulsive force. Therefore, it is possible to move or to drive the movable body 10 efficiently while having a simple and
low-cost arrangement.
[0055] Moreover, two ends of the fixed body 10 are fixed to a fixing member B (not shown in the diagram). For fixing
the fixed body 20 to the fixing member B, the permanent magnet 21 and the second yoke 22 may be fixed to the fixing
member B separately. Or, the permanent magnet 21 and the second yoke 22 may be fixed (connected) first, and at least
any one of the permanent magnet 21 and the second yoke 22 may be fixed to the fixing member B. Moreover, a fixing
member A may be used as the fixing member B. The fixing member A and the fixing member B may be different. The
fixing member A for example, is a member provided to one end of the piezoelectric element 3.
[0056] Moreover, as shown in Fig. 1C, in a direction orthogonal to a longitudinal direction of the vibration substrate 4
(leftward-rightward direction of the paper surface of Fig. 1C), side-surface end portions of the second yoke 22 are
positioned at an outer side of the vibration substrate 4. Moreover, an end portion of the first yoke 9 is close to the second
yoke 22. Therefore, in the direction orthogonal to the longitudinal direction of the vibration substrate 4 (leftward-rightward
direction of the paper surface of Fig. 1C), the movement of the movable object 10 is regulated.
[0057] In such manner, in the inertial drive actuator 100 of the first embodiment, the first yoke 9 and the second yokes
12 and 22 not only have a function of suppressing the leakage of the magnetic flux, but also have a guiding function of
regulating the movement of the movable body 10 in a predetermined direction. Therefore, further reduction in the number
of components and reduction in size become possible. In the first embodiment, the movement of the movable body 10



EP 2 779 387 A1

7

5

10

15

20

25

30

35

40

45

50

55

has been regulated by the second yoke 22 and the vibration substrate 4. However, as a matter of course, regulating the
movement of the movable body 10 by using the fixing member not shown in the diagram and the second yoke 22 is also
possible.
[0058] Furthermore, as aforementioned, since no wire exists on the movable body 10, a durability of wiring is improved
and breaking of wire is prevented, thereby making it possible to carry out stable drive over a long period of time. Moreover,
since no wire exists, it is possible to carry out stable drive without giving rise to a load, and therefore it is desirable.

(Modified example)

[0059] Moreover, it is possible to let a cross-sectional arrangement as shown in Fig. 1D with respect to the arrangement
shown in Fig. 1C. The inertial drive actuator 120 shown in Fig. 1D differs from the abovementioned inertial drive actuator
100 of the first embodiment at a point that the inertial drive actuator 120 does not include the permanent magnet 21.
Therefore, the movable body 10 is in a state of being placed by the gravitational force with respect to the vibration
substrate 4.

(Second embodiment)

[0060] Next, an inertial drive actuator 140 according to a second embodiment of the present invention will be described
below. Fig. 2A is a cross-sectional view of the inertial drive actuator 140. Same reference numerals are assigned to
components which are same as in the inertial drive actuator 100 of the first embodiment, and description of such
components is omitted.
[0061] The inertial drive actuator 140 of the second embodiment includes the piezoelectric element 3, the movable
body 10, the vibration substrate 4, and the fixed body 20. The movable body 10 is positioned at the upper portion of the
vibration substrate 4. Moreover, one end of the piezoelectric element 3 and one end of the vibration substrate 4 are
connected mechanically.
[0062] Even in the second embodiment, since the coil 11 is provided toward the fixed body 20, no wire exists on the
movable body 10. Therefore, the durability of wiring is improved and breaking of wire is prevented, thereby making it
possible to carry out stable drive over a long period of time. Moreover, since no wire exists, it is possible to carry out
stable drive without giving rise to a load, and therefore it is desirable.
[0063] Furthermore, a point at which, the inertial drive actuator 140 differs from the inertial drive actuator 100 of the
first embodiment is as follows. The first yoke 9 has a shape that covers the vibration substrate 4, and a front end of a
side-surface portion of the first yoke 9 is formed up to a middle of the coil 11.
[0064] Moreover, the second yoke 22 has a shape that covers the permanent magnet 21 disposed on a bottom portion.
A side-surface portion of the second yoke 22 is formed up to an upper-end portion of the rectangular-shaped permanent
magnet 21.
[0065] Although there is the abovementioned point of difference, the coil 11 and the permanent magnet 21 are covered
by the first yoke 9 and the second yoke 22. Moreover, the first yoke 9 and the second yoke 22 are disposed such that,
end portions of the first yoke 9 come closer to the end portions of the second yoke 22. At such points, the arrangement
is same as in the inertial drive actuator 100 of the first embodiment.
[0066] Therefore, similarly as in the first embodiment, in the inertial drive actuator 140 of the second embodiment,
there is no wearing away even when the movable body 10 is moved or driven. As a result, it is possible to move or to
drive (to move to a desired position or to hold at a desired position) the movable body 10 stably over a long period of time.
[0067] Furthermore, in the inertial drive actuator 140 of the second embodiment, since the yoke is used, it is possible
to suppress the leakage of the magnetic flux to the outside. Accordingly, since it is possible to generate efficiently the
magnetic adsorptive force or the magnetic repulsive force, it is possible to move or to drive the movable body 10 efficiently.
[0068] As aforementioned, in the inertial drive actuator 140 of the second embodiment, the side surface of the first
yoke 9 is positioned at an outer side of the two ends of the vibration substrate 4. Therefore, in the direction orthogonal
to the longitudinal direction of the vibration substrate 4, it is possible to regulate the movement of the movable body 10.
[0069] Moreover, in the arrangement of the first embodiment, an adsorptive force on the end portions in a horizontal
direction of the movable body 10 acts in the horizontal direction. Whereas, in the arrangement of the second embodiment,
comparing with the arrangement of the first embodiment, all the adsorptive force acting on the end portions of the movable
body 10 acts in a downward direction of the paper surface. Accordingly, in the arrangement of the second embodiment,
it is possible to use the adsorptive force all the more efficiently.

(Third embodiment)

[0070] Next, an inertial drive actuator 160 according to a third embodiment of the present invention will be described
below. Fig. 2B is a cross-sectional view of the inertial drive actuator 160. Same reference numerals are assigned to
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components which are same as in the inertial drive actuator 100 of the first embodiment, and repetitive description of
such components is omitted.
[0071] The inertial drive actuator 160 of the third embodiment includes the piezoelectric element 3, the movable body
10, the vibration substrate 4, and the fixed body 20. The movable body 10 is positioned at the upper portion of the
vibration substrate 4. Moreover, one end of the piezoelectric element 3 and one end of the vibration substrate 4 are
connected mechanically.
[0072] Even in the third embodiment, since the coil 11 is provided toward the fixed body 20, no wire exists on the
movable body 10. Therefore, the durability of wiring is improved and breaking of wire is prevented, thereby making it
possible to carry out stable drive over a long period of time. Moreover, since no wire exists, it is possible to carry out
stable drive without giving rise to a load, and therefore it is desirable.
[0073] Furthermore, a point of difference with the inertial drive actuator 100 of the first embodiment is as follows. The
first yoke 9 has a shape that covers the vibration substrate 4, the coil 11, and the permanent magnet 21.
[0074] Moreover, the second yoke 22 is a member in the form of a plate provided to the bottom portion of the permanent
magnet 21.
[0075] As aforementioned, the vibration substrate 4, the coil 11, and the permanent magnet 21 are covered by the
first yoke 9 and the second yoke 22. Moreover, the first yoke 9 and the second yoke 22 are disposed such that the end
portions of the first yoke 9 and the end portions of the second yoke 22 are close. Regarding these points, the arrangement
is same as the arrangement in the inertial drive actuator 100 of the first embodiment.
[0076] Therefore, similarly as in the first embodiment, in the inertial drive actuator 160 of the third embodiment, there
is no wearing away even when the movable body 10 is moved or driven. As a result, it is possible to move or to drive
(to move to a desired position or to hold at a desired position) the movable body 10 stably over a long period of time.
[0077] Furthermore, in the inertial drive actuator 160 of the third embodiment, since the yoke is used, it is possible to
suppress the leakage of the magnetic flux to the outside. Accordingly, since it is possible to generate efficiently the
magnetic adsorptive force or the magnetic repulsive force, it is possible to move or to drive the movable body 10 efficiently.
[0078] Moreover, in the inertial drive actuator 160 of the third embodiment, the side surface of the first yoke 9 is
positioned to be close, on the outer side of the vibration substrate 4. Furthermore, the side surface of the first yoke 9 is
close to the coil 11 as well. Therefore, in the direction orthogonal to the longitudinal direction of the vibration substrate
4, the movement of the movable body 10 is regulated.
[0079] It is desirable to provide a protective member or a protective film to the coil 11 so that the coil 11 is not damaged
even when the coil 11 makes a contact with the first yoke 9. Moreover, the coil 11 may be made small, and on the other
hand, a size of a front end of a member around which the coil 11 has been wound (portion that is in contact with the
vibration substrate 4) may be let to be a size same as the size of the vibration substrate 4. By making such an arrangement,
in the direction orthogonal to the longitudinal direction of the vibration substrate 4, it is possible to regulate the movement
of the movable body 10.

(Fourth embodiment)

[0080] An inertial drive actuator 200 according to a fourth embodiment of the present invention is shown in Fig. 3A
and Fig. 3B. Fig. 3A is a side view of the inertial drive actuator 200, and Fig. 3B is a cross-sectional view at a position
shown by A-A in Fig. 3A.
[0081] The basic arrangement of the fourth embodiment is same as the abovementioned arrangement of the second
embodiment. Same reference numerals are assigned to components which are same as in the inertial drive actuator
140 of the second embodiment, and repetitive description of such components is omitted.
[0082] In the inertial drive actuator 200 of the fourth embodiment, an arrangement of a vibration substrate 40 differs
from the arrangement of the vibration substrate 4 in the inertial drive actuator 140 of the second embodiment. Therefore,
the vibration substrate 40 will be described below.
[0083] In the inertial drive actuator 200 of the fourth embodiment, the vibration substrate 40 includes a non-magnetic
portion 41 and a magnetic portion 42. The magnetic portion 42 is a yoke portion, and the non-magnetic portion 41 is
positioned at two sides of the magnetic portion 42. An arrangement may be made such that, the non-magnetic portion
41 is provided to enclose the magnetic portion 42, and the magnetic portion 42 is positioned at an interior of the vibration
substrate 40.
[0084] By making such arrangement, in the inertial drive actuator 200 of the fourth embodiment, when the magnetic
flux flows between a central portion of the first yoke 9 and the coil 11, it is possible to suppress the leakage of the
magnetic flux. As a result, it is possible to make the magnetic adsorptive force or the magnetic repulsive force act
efficiently on the movable body 10.
[0085] Moreover, even in the fourth embodiment, since the coil 11 is provided toward the fixed body 20, no wire exists
on the movable body 10. Therefore, the durability of wiring is improved and breaking of wire is prevented, thereby making
it possible to carry out stable drive over a long period of time. Since the wire does not exist, it is possible to carry out
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stable drive without giving rise to any load, and therefore it is desirable.

(Fifth embodiment)

[0086] An inertial drive actuator 300 according to a fifth embodiment is shown in Fig. 4A and Fig. 4B.
[0087] Fig. 4A is a side view of the inertial drive actuator 300, and Fig. 4B is a cross-sectional view at a position shown
by A-A in Fig. 4A. Same reference numerals are assigned to components of the inertial drive actuator 300 which are
similar as in the inertial drive actuator 100 of the first embodiment, and description of such components is omitted. Wiring
is omitted in the diagrams.
[0088] The inertial drive actuator 300 of the fifth embodiment includes the piezoelectric element 3, the vibration substrate
4, the movable body 10, and the fixed body 20. The piezoelectric element 3 and the vibration substrate 4 are positioned
at the upper portion of the fixed body 20, and the movable body 10 is positioned at an upper portion of the vibration
substrate 4.
[0089] The movable body 10 includes a first yoke 12b and a permanent magnet 13. The permanent magnet 13 is
disposed such that the N-pole thereof is positioned toward the first yoke 12b. The first yoke 12b is formed such that a
side surface thereof covers a part of the coil 11, the permanent magnet 13, and the vibration substrate 4.
[0090] On the other hand, the fixed body 20 includes the coil 11 and the second yokes 12 and 22. The fifth embodiment,
comparing with the first embodiment, differs at a point that the permanent magnet 21 (second magnetic field generator)
is provided toward the movable body 10.
[0091] In an arrangement such as the abovementioned arrangement, an electric current is passed through the coil 11
such that the N-pole is generated in an upward direction of the paper surface, and the S-pole is generated in a downward
direction of the paper surface. As the electric current is passed through the coil 11, an opposite polarity is induced in
the second yoke 22. Therefore, the N-pole is concentrated at a lower central portion of the second yoke 22, and the S-
pole is concentrated at both upper end portions of the second yoke 22.
[0092] The permanent magnet 13 is disposed such that the upper portion becomes the N-pole and the lower portion
becomes the S-pole. In the movable body 10, the opposite polarity is induced in the first yoke 12b. In other words, the
S-pole is induced at the central portion of the first yoke 12b, and the N-pole is induced at both end portions of the first
yoke 12b. As a result, a stronger magnetic adsorptive force is generated toward a lower side of the paper surface with
respect to the movable body 10, as compared to a case in which, no electric current is passed through the coil 11.
[0093] On the other hand, in a case in which, an electric current is passed through the coil 11 such that the S-pole is
concentrated in the upward direction of the paper surface, the magnetic adsorptive force weaker as compared to the
magnetic adsorptive force when the electric current is not passed through the coil 11 is generated. Moreover, by changing
the electric current passed through the coil 11, it is possible to change the strength of a normal force acting on the
vibration substrate 4 of the movable body10. By making such an arrangement, it is possible to control the frictional force
between the movable body 10 and the vibration substrate 4.
[0094] As aforementioned, in the inertial drive actuator 300 of the fifth embodiment, the magnetic force has been used
for moving or driving the movable body 10. In other words, in the inertial drive actuator 300 of the fifth embodiment, a
member such as an elastic body which wears away when the inertial drive actuator 300 is driven, has not been used.
Therefore, even when the movable body 10 is moved or driven, it is not worn away.
[0095] As a result, it is possible to move or to drive (to move to a desired position or to hold at a desired position) the
movable 10 stably over a long period of time. Moreover, in the inertial drive actuator 300 of the fifth embodiment, since
the yoke is used, it is possible to suppress the leakage of the magnetic flux to the outside. Accordingly, since it is possible
to generate efficiently the magnetic adsorptive force or the magnetic repulsive force, it is possible to move or to drive
the movable body 10 efficiently.
[0096] Furthermore, in the inertial drive actuator 300 of the fifth embodiment, two ends of the first yoke 12b are extended
toward the second yoke 22, surrounding the two ends of the vibration substrate 4. Therefore, the movement of the
movable body 10 in the leftward-rightward direction of the paper surface in Fig. 4B is restricted by the two ends of the
first yoke 12b and the vibration substrate 4. In the inertial drive actuator 300 of the fifth embodiment, the two ends of the
first yoke 12b are positioned adjacent to the coil 11. Therefore, it is possible to regulate the movement of the movable
body 10 by using the coil 11 instead of the vibration substrate 4. While doing so, adequate protective measures have
been taken so that there is no damage even when the coil 11 has made a contact with the movable body 10.
[0097] In such manner, in the inertial drive actuator 300 of the fifth embodiment, the first yoke 12a not only has the
function of suppressing the leakage of the magnetic flux, but also has the guiding function of regulating the movement
of the movable body 10 in a predetermined direction (the first yoke 12b assumes a plurality of functions).
[0098] Even in the fifth embodiment, since the coil 11 is provided toward the fixed body 20, no wire exists on the
movable body 10. Therefore, the durability of wiring is improved and breaking of wire is prevented, thereby making it
possible to carry out stable drive over a long period of time. Moreover, since no wire exists, it is possible to carry out
stable drive without giving rise to a load, and therefore it is desirable.
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(Sixth embodiment)

[0099] Next, an inertial drive actuator 400 according to a sixth embodiment of the present invention will be described
below. Fig. 5A is a side view of the inertial drive actuator 400, and Fig. 5B is a cross-sectional view at a position shown
by A-A in Fig. 5A. Same reference numerals are assigned to components of the inertial drive actuator 400 which are
similar as in the inertial drive actuator 100 of the first embodiment, and description of such components is omitted.
[0100] The inertial drive actuator 400 of the sixth embodiment includes the piezoelectric element 3, the movable body
10, and the vibration substrate 40. The movable body 10 is positioned at the upper portion of the vibration substrate 40.
Moreover, one end of the piezoelectric element 3 and one end of the vibration substrate 40 are connected mechanically.
Details of an example of arrangement connecting the piezoelectric element 3 and the vibration substrate 40 will be
described later.
[0101] The movable body 10 has a function of the first yoke 9. The structure of the movable body 10 being same as
the structure of the movable body 10 (Fig. 2A) of the second embodiment, the description thereof is omitted. The movable
10 of the sixth embodiment has a similar function as of the movable body 10 of the first embodiment. However, in the
sixth embodiment, a point that the inertial drive actuator 400 does not include the vibration substrate 4 of the second
embodiment differs from the second embodiment. Instead, the vibration substrate 40 includes the coil 11, the permanent
magnet 21, and the second yokes 12 and 22 . The vibration substrate 40 functions similarly as the fixed body 20 of the
second embodiment, and also functions as the vibration substrate 4.
[0102] Even in the sixth embodiment, since the coil is provided toward the vibration substrate (fixed body) 40, no wire
exists on the movable body 10. Therefore, the durability of wiring is improved and breaking of wire is prevented, thereby
making it possible to carry out stable drive over a long period of time. Moreover, since no wire exists, it is possible to
carry out stable drive without giving rise to a load, and therefore it is desirable.
[0103] In such manner, since the inertial drive actuator 400 of the sixth embodiment includes members which carry
out an action same as of the inertial drive actuator 100 of the first embodiment, an effect similar to the effect of the inertial
drive actuator 100 of the first embodiment is shown.
[0104] Next, the example of arrangement connecting the piezoelectric element 3 and the vibration substrate 40 will
be described below. Fig. 6A, Fig. 6B, and Fig. 6C show three different arrangements connecting the piezoelectric element
3 and the vibration substrate 40.
[0105] Fig. 6A shows an arrangement in which, only the coil 11 is connected to and vibrates with the piezoelectric
element 3. In other words, the arrangement is such that at least a part of the vibration substrate 40 includes the coil 11
(first magnetic field generator). Accordingly, since the vibration substrate 40 is the coil 11, it is possible to let the ar-
rangement simple.
[0106] Fig. 6B shows an arrangement in which, the coil 11 and the permanent magnet 21 are connected to and vibrate
with the piezoelectric element 3. Here, an arrangement may be such that only the piezoelectric element 3 and the
permanent magnet 21 are connected and vibrate. Accordingly, it is possible to maintain the movable body 10 with a
constant magnetic attractive force all the time.
[0107] Fig. 6C is an arrangement in which, the coil 11, the permanent magnet 21, and the second yoke 22 are connected
to and vibrate with the piezoelectric element 3. Accordingly, as the yoke is used, it is possible to suppress the leakage
of the magnetic flux to the outside. Consequently, it is possible to generate efficiently the magnetic adsorptive force and
the magnet repulsive force. Moreover, it is possible to reduce the number of components. Therefore, it is possible to
move or to drive the movable body 10 efficiently while having a simple and low-cost arrangement.
[0108] As a further effect of the arrangement in Fig. 6C, comparing with the abovementioned arrangement in Fig. 6A
and 6B at the time of vibration, since there is no adsorptive force of a magnet acting perpendicular to the direction of
vibration, the piezoelectric element 3 is capable of making the coil 11, the permanent magnet 21, and the yoke 22 vibrate
with a small force.
[0109] Here, an arrangement may be an arrangement in which, only the piezoelectric element 3 and the second yoke
22 are connected, or an arrangement in which, only the piezoelectric element 3 and the second yoke 22, and the coil
11 are connected, or an arrangement in which, only the piezoelectric element 3, the second yoke 22, and the permanent
magnet 21 are connected and vibrate.
[0110] In the arrangements shown in Fig. 6A, Fig. 6B, and Fig. 6C, it is possible to move the movable body 10 by
placing the movable body 10 at an upper-surface side of the vibration substrate 40. Even in these examples of arrange-
ment, the magnetic force is used for moving or driving the movable body 10. In other words, in the inertial drive actuators
of these examples of arrangement, no member such as an elastic body which is worn away when driven has been used.
Therefore, there is no wearing away even when the movable body 10 is moved or driven. As a result, it is possible to
move or to drive (to move to a desired position or to hold at a desired position) the movable body 10 stably over a long
period of time. Moreover, in the inertial drive actuators of these examples of arrangement, since the yoke is used, it is
possible to suppress the leakage of the magnetic flux to the outside. Accordingly, it is possible to generate efficiently
the magnetic adsorptive force or the magnetic repulsive force. Therefore, it is possible to move or to drive the movable
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body efficiently while having a simple and low-cost arrangement.
[0111] Furthermore, as aforementioned, since no wire exists on the movable body 10, the durability of wiring is improved
and breaking of wire is prevented, thereby making it possible to carry out stable drive over a long period of time. Moreover,
since no wire exists, it is possible to carry out stable drive without giving rise to a load, and therefore it is desirable.
[0112] Next, a driving method for driving the abovementioned inertial drive actuator 100 will be described below.
[0113] Fig. 7 shows the driving method for driving the inertial drive actuator 100 of the first embodiment. In Fig. 7, a
horizontal axis indicates time T and a vertical axis indicates displacement XX of the piezoelectric element 3. In Fig. 1A,
a case in which, the piezoelectric element 3 has been elongated in a leftward direction of the paper surface is let to be
positive.
[0114] Moreover, the magnetic adsorption is indicated by YY. For reference numerals such as time T in the diagram,
same reference numerals are used in Fig. 9A, Fig. 9B, and Fig. 9C, and Fig. 10A, Fig. 10B, and Fig. 10C.
[0115] During a period from time 0 to time A, the piezoelectric element 3 is elongated. During this period, the electric
current is passed through the coil 11 such that the N-pole is generated in the upward direction of the paper surface in
the coil 11. As the N-pole is generated in the coil 11, the magnetic adsorptive force acting toward the vibration substrate
4 in the movable body 10, increases. Therefore, the friction between the movable body 10 and the vibration substrate
4 increases. As a result, with the elongation of the piezoelectric element 3, the vibration substrate 4 moves toward the
leftward direction of the paper surface, and the movable body 10 also moves together in the leftward direction of the
paper surface.
[0116] Next, during a period from time A to time B, the piezoelectric element 3 contracts. During this period, the passing
of the electric current to the coil 11 is stopped. As the passing of the electric current to the coil 11 is stopped, the magnetic
adsorptive force generated by the coil 11 ceases to act on the movable body 11. Therefore, the frictional force between
the movable body 10 and the vibration substrate 4 decreases. This means that an amount of sliding of the movable body
10 with respect to the vibration substrate 4 has increased. As a result, even when the vibration substrate 4 moves in the
rightward direction of the paper surface with the contraction of the piezoelectric element 3, apparently, the movable body
10 assumes a state of having come to rest at a position to which it has moved. In such manner, since the movable body
10 slides in the leftward direction with respect to the vibration substrate 4 which moves in the rightward direction of the
paper surface along with the contraction of the piezoelectric element 3, during a period from time 0 to time B, the movable
body 10 moves in the leftward direction of the paper surface. By repeating the same operation during a period from time
B to time C, and a period from time C to time D, it is possible to continue to move the movable body in the leftward
direction of the paper surface.
[0117] It is possible to move the movable body 10 in the rightward direction of the paper surface by reversing the
timing of passing the electric current through the coil 11 as shown in Fig. 7. In other words, without passing the electric
current through the coil 11 during the period from time 0 to time A (while the vibration substrate 4 elongates), the electric
current is passed through the coil 11 during the period from time A to time B (while the vibration substrate 4 contracts)
such that the N-pole is generated in the upward direction of the paper surface. By doing so, it is possible to move the
movable body 10 in the rightward direction of the paper surface.
[0118] In the example of moving rightward, the passing of current through the coil 11 is stopped during the period from
time A to time B. Instead, the electric current may be passed through the coil 11 such that the magnetic repulsive force
acts toward the vibration substrate 4 on the movable body 10 (or, such that the magnetic adsorptive force decreases).
By doing so, it is possible to move the body 10 in the leftward direction of the paper surface.
[0119] As aforementioned, in a case of not passing the electric current through the coil 11, the frictional force between
the movable body 10 and the vibration substrate 4 decreases, and as a result, an arrangement has been made such
that, even when the vibration substrate 4 moves in the rightward direction of the paper surface, apparently, the movable
body 10 assumes a state of having come to rest at the position to which it has moved. However, if specifications (such
as material, weight, and length) of the movable body 10 (first yoke), the coil 11, the second yoke 12, and the permanent
magnet 13 are selected appropriately, it is possible to maintain the frictional force between the movable body 10 and
the vibration substrate 4 to certain degree even in a case of not passing the electric current through the coil 11.
[0120] Therefore, if an arrangement is made such that no electric current is passed through the coil 11 during the
period from time 0 to time A, it is possible to move the vibration substrate 4 in the leftward direction of the paper surface
with the elongation of the piezoelectric element 3. Moreover, an arrangement is to be made such that, during the period
from time A to time B, the electric current is passed through the coil 11 such that the magnetic repulsive force acts
towards the vibration substrate 4 on the movable body 10. Even when such an arrangement is made, it is possible to
continue to move the movable body 10 in the leftward direction of the paper surface.
[0121] Moreover, in a case of driving the inertial drive actuator 120 of the modified example of the first embodiment,
the following arrangement is made. During the period from time 0 to time A, the electric current is passed through the
coil 11 such that the N-pole is generated in the upward direction of the paper surface. As the electric current is passed
through the coil 11, the friction between the movable body 10 and the vibration substrate 4, increases. As a result, the
vibration substrate 4 moves in the leftward direction of the paper surface, with the elongation of the piezoelectric element
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3, and the movable body 10 moves in the leftward direction of the paper surface, with the movement of the vibration
substrate 4.
[0122] Next, during the period from time A to time B, the passing of the electric current to the coil 11 is stopped. As
the passing of the electric current to the coil 11 is stopped, the friction between the movable body 10 and the vibration
substrate 4 decreases. As a result, even when the vibration substrate 4 moves in the rightward direction of the paper
surface with the contraction of the piezoelectric element 3, apparently, the movable body 10 assumes a state of having
come to rest at the position to which it has moved. By doing so, it is possible to move the movable body 10 in the leftward
direction of the paper surface.
[0123] It is needless to mention that, it is possible to move the movable body 10 in the rightward direction of the paper
surface by changing the timing of passing the electric current through the coil 11 as aforementioned. Moreover, even
by reversing the direction of passing the current through the coil 11, it is possible to move the movable body 10.

(Seventh embodiment)

[0124] Next, an inertial drive actuator 500 according to a seventh embodiment of the present invention will be described
below.
[0125] Fig. 8A is a side view of the inertial drive actuator 500, Fig. 8B is a top view of the inertial drive actuator 500,
and Fig. 8C is a cross-sectional view of the inertial drive actuator 500. Moreover, Fig. 9A, Fig. 9B, and Fig. 9C show a
driving method for driving the inertial drive actuator 500 of the seventh embodiment.
[0126] The inertial drive actuator 500 of the seventh embodiment includes two movable bodies 10 in the inertial drive
actuator 100 of the first embodiment. In other words, the inertial drive actuator 500 of the seventh embodiment includes
the piezoelectric element 3, the vibration substrate 4, a movable body 10a, a movable body 10b, and the fixed body 20.
The piezoelectric element 3 and the vibration substrate 4 are positioned at an upper portion of the fixed body 20, and
the movable body 10a and the movable body 10b are positioned at an upper portion of the vibration substrate 4.
[0127] The driving method for driving the inertial drive actuator 500 will be described below. In Fig. 9A, Fig. 9B, and
Fig. 9C, a horizontal axis indicates time, and a vertical axis indicates displacement of the piezoelectric element 3. In Fig.
9A, Fig. 9B, and Fig. 9C, a case in which, the piezoelectric element 3 has been elongated in the leftward direction of
the paper surface is let to be positive.
[0128] As shown in the cross-sectional view in Fig. 8C, in the seventh embodiment, in a range in which the movable
body 10a moves, a coil 11a is provided toward the fixed body 20. Similarly, in a range in which, the movable body 10b
moves, the coil 11b is provided toward the fixed body 20. In other words, a coil corresponding to each movable body is
necessary. The coil 11a is used for changing attraction of the movable body 10a. The coil 11b is used for changing
attraction of the movable body 10b.
[0129] During a period from time 0 to time A, the piezoelectric element 3 elongates. During this period, no electric
current is passed through the coil 11a of the movable body 10a. In this case, the magnetic adsorptive force ceases to
act on the movable body 10a. Therefore, the movable body 10a is stationary as it has been, without changing the position.
Whereas, the current is passed through the coil 11b of the movable body 10b such that the N-pole is generated in the
upward direction of the paper surface. In this case, the magnetic adsorptive force acts toward the vibration substrate 4
on the movable body 10b as explained by referring to Fig. 6A, Fig. 6B, and Fig. 6C. Therefore, the movable body 10b
moves in the leftward direction of the paper surface.
[0130] Next, during a period from time A to time B, the piezoelectric element 3 contracts. During this period, the electric
current is passed through the coil 11a of the movable body 10a such that the N-pole is generated in the upward direction
of the paper surface. In this case, as explained by referring to Fig. 1C, the magnetic adsorptive force toward the vibration
substrate 4 acts on the movable body 10a. Therefore, the movable body 10a moves in the rightward direction of the
paper surface. On the other hand, no electric current is passed through the coil 11b of the movable body 10b. In this
case, the magnetic adsorptive force ceases to act on the movable body 10b. Therefore, the movable body 10b is
stationary as it has been, without changing the position.
[0131] As aforementioned, during the period from time 0 to time A, the movable body 10a is stationary, and the movable
body 10b moves in the leftward direction of the paper surface, or in other words, moves toward the movable body 10a.
Whereas, during the period from time A to time B, the movable body 10a moves in the rightward direction of the paper
surface, or in other words, moves toward the movable body 10b, and the movable body 10b is stationary. As a result,
it is possible to bring the movable body 10a and the movable body 10b closer. Moreover, it is possible to bring the
movable body 10a and the movable body 10b even closer by repeating the driving method during a period from time 0
to time B. Furthermore, if the driving method is changed, it is possible to move the movable body 10a and the movable
body 10b in the same direction, or to draw further apart the movable body 10a and the movable body 10b.
[0132] In Fig. 8A, Fig. 8B, and Fig. 8C, and Fig. 9A, Fig. 9B, and Fig. 9C, an arrangement of two movable bodies and
the driving method thereof have been illustrated for explaining. In principle, even for two or more than two movable
bodies, it is possible to drive each body independently on the same vibration substrate.
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[0133] Moreover, even in the seventh embodiment, since the coil 11 is provided toward the fixed body 20, no wire
exists on the movable body 10. Therefore, the durability of wiring is improved and breaking of wire is prevented, thereby
making it possible to drive stably over a long period of time. Moreover, since no wire exists, it is possible to carry out
stable drive without giving rise to any load, and therefore it is desirable.
[0134] The present invention can have various modified examples without departing from the scope of the invention.

Industrial Applicability

[0135] As aforementioned, the present invention is suitable for an inertial drive actuator which is capable of carrying
out a stable operation over a long period of time, such as moving the movable body to a desired position, bringing the
body to rest at a desired position, and maintaining the state of being at rest.

Reference Signs List

Reference Signs List

[0136]

3 piezoelectric element
4, 40 vibration substrate
9 first yoke
10, 10a, 10b movable body
11, 11a, 11b coil
12, 12a, 12b, 12d second yoke
20 fixed body
21 permanent magnet
22 second yoke
40 vibration substrate
41 non-magnetic portion
42 magneto portion
100, 120, 140, 200, 300, 400, 500 inertial drive actuator
101 supporting member
102 piezoelectric element
103 vibration member
104 movable body
105 plate spring

Claims

1. An inertial drive actuator comprising:

a displacement unit which causes a minute displacement in a first direction, and in a second direction which is
opposite to the first direction;
a vibration substrate which undergoes reciprocating movement due to the minute displacement caused by the
displacement unit;
a first magnetic field generator which generates a magnetic field;
a movable body which is disposed on a flat surface of the vibration substrate, and which includes a first yoke
that concentrates a magnetic flux of an N-pole and an S-pole generated by the first magnetic field generator,
at a predetermined position; and
a second yoke which is disposed on a side of the vibration substrate, opposite to a direction facing the movable
body, wherein
a movement in a direction perpendicular to a direction in which, the movable body is driven is regulated me-
chanically by end portions of the second yoke facing end portions of the first yoke at an outer side of the vibration
substrate, and a frictional force acting between the movable body and the vibration substrate is controlled by
controlling the magnetic field generated by the first magnetic field generator, and the movable body is driven.

2. The inertial drive actuator according to claim 1, further comprising:
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a second magnetic field generator, which generates a magnetic field in addition to the magnetic field generated
by the first magnetic field generator so that, a magnetic attractive force or a magnetic repulsive force acts in a
direction of the movable body, opposite to the vibration substrate.

3. The inertial drive actuator according to claim 1, wherein the first magnetic field generator is an electromagnetic coil.

4. The inertial drive actuator according to claim 2, wherein the second magnetic field generator is a permanent magnet.

5. The inertial drive actuator according to claim 1, wherein the displacement unit is a piezoelectric element.

6. The inertial drive actuator according to claim 1, wherein the vibration substrate is a non-magnetic body.

7. The inertial drive actuator according to claim 1, wherein the vibration substrate includes a non-magnetic portion and
a magnetic portion.

8. The inertial drive actuator according to claim 1, wherein at a least a part of the vibration substrate includes the first
magnetic field generator.

9. The inertial drive actuator according to claim 2, wherein at least a part of the vibration substrate includes the second
magnetic field generator.

10. The inertial drive actuator according to claim 1, wherein the vibration substrate functions also as the second yoke.

11. The inertial drive actuator according to claim 1, wherein the movable body includes a permanent magnet.
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