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Description

FIELD

[0001] The present invention relates to an oscillatory
linear actuator which is reciprocated along an axis, and
a cutting device which includes the oscillatory linear ac-
tuator and cuts an object such as body hair and grass.

BACKGROUND

[0002] US 2005/212 633 A1 discloses an oscillatory
linear actuator comprising an output movable element
which is reciprocated by a periodically varying magnetic
field and performs work on an object; and a vibration
absorbing movable element which is reciprocated at a
phase opposite to a phase of the output movable element
and reduces vibration of the oscillatory linear actuator.
The output movable element includes a first driver which
generates a thrust force which is reciprocated by a mag-
netic field; a work part which performs work on the object
at a predetermined distance away from the first driver; a
shaft which connects the work part and the first driver; a
first weight; and a weight support holding the first weight
on an attachment part of the output movable element at
a position opposite to the work part, the first driver being
attached to the attachment part.
[0003] US 2017/100 224 A1 discloses an oscillatory
linear actuator comprising an output movable element
which is reciprocated by a periodically varying magnetic
field and performs work on an object; and a vibration
absorbing movable element which is reciprocated at a
phase opposite to a phase of the output movable element
and reduces vibration of the oscillatory linear actuator.
The output movable element includes a first driver which
generates a thrust force which is reciprocated by a mag-
netic field; a work part which performs work on the object
at a predetermined distance away from the first driver; a
shaft which connects the work part and the first driver;
and a first weight. In an oscillatory linear actuator which
is reciprocated along an axis, in particular, a device held
by a human hand, two types of movable elements which
have approximately the same weight and which are driv-
en at mutually opposite phases may be disposed parallel
to each other in order to reduce vibration to be transmitted
to the hand. For example, Patent Literature (PTL) 1 dis-
closes a configuration for reducing the overall vibration
by positioning the center of mass of an output movable
element to which a movable blade is attached and the
center of mass of a vibration absorbing movable element
for reducing vibration close to each other.

CITATION LIST

PATENT LITERATURE

[0004] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2005-185067

SUMMARY

TECHNICAL PROBLEM

[0005] In order to align the centers of mass of the mov-
able elements, a weight attached to the vibration absorb-
ing movable element needs to be positioned close to the
area where the weight of the output movable element is
concentrated. When the weight is positioned close to
such an area, however, large parts which oscillate at the
opposite phases are concentrated, which results in an
increase in size of the oscillatory linear actuator.
[0006] The present invention has been conceived to
solve such a problem. An object of the present invention
is to provide an oscillatory linear actuator which is capa-
ble of reducing the overall vibration at the same time as
achieving a reduction in size, and a cutting device which
includes the oscillatory linear actuator.

SOLUTIONS TO PROBLEM

[0007] The above and other objects of the invention
are achieved by the oscillatory linear actuator according
to claim 1 and the cutting device according to claim 4.
Preferred embodiments are claimed in the dependent
claims. An oscillatory linear actuator according to claim
1 includes: an output movable element which is recipro-
cated by a periodically varying magnetic field and per-
forms work on an object; and a vibration absorbing mov-
able element which is reciprocated at a phase opposite
to a phase of the output movable element and reduces
vibration of the oscillatory linear actuator. The output
movable element includes: a first driver which generates
a thrust force which is reciprocated by a magnetic field;
a work part which performs work on the object at a pre-
determined distance away from the first driver; a shaft
which connects the work part and the first driver; a first
weight opposite to the work part relative to the first driver;
and a weight support holding the first weight on an at-
tachment part of the output movable element at a position
opposite to the work part, the first driver being attached
to the attachment part.
[0008] With this, the first weight of the output movable
element can be positioned such that the center of mass
of the output movable element is positioned close to the
center of mass of the vibration absorbing movable ele-
ment. This can reduce the size and vibration of the os-
cillatory linear actuator.
[0009] Moreover, the vibration absorbing movable el-
ement includes: a second driver disposed parallel to the
first driver, and disposed on a line extending parallel with
the shaft; a second weight disposed on a work part side
of the first driver; and a connector which connects the
second driver and the second weight.
[0010] The oscillatory linear actuator comprises an ax-
is, the axis being a direction in which the work part is
arranged. The first weight and the second weight are
each disposed at a position. The position of the first
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weight is along said axis farther from the second driver
than the position of the second weight from the second
driver is.
[0011] In this way, the centers of mass of the output
movable element and the vibration absorbing movable
element can be positioned close to each other. This al-
lows the centers of mass to be positioned closer to each
other compared to a conventional technique.
[0012] Moreover, it may be that in a direction in which
the first driver and the second driver are arranged, a cent-
er of mass of the output movable element is disposed at
a position which satisfies at least one of (a) a condition
that the center of mass of the output movable element is
identical to a center of mass of the vibration absorbing
movable element and (b) a condition that the center of
mass of the output movable element is on a first driver
side relative to an intermediate position between the first
driver and the second driver.
[0013] With this, vibration can be further reduced.
[0014] Moreover, it may be that the oscillatory linear
includes an attachment part to which the first driver is
attached, and that the attachment part, the shaft, and the
weight support are integrally formed.
[0015] In this way, the work part and the first weight
which are relatively heavy and disposed relatively apart
from each other can be connected with a firm structure.
This can reduce vibration caused due to the distortion of
the output movable element itself.
[0016] Moreover, a cutting device according to claim
4 includes: the oscillatory linear actuator; a movable
blade which serves as the work part; and a stationary
blade which rubs against the movable blade.

ADVANTAGEOUS EFFECT

[0017] According to the present invention, the overall
vibration of the oscillatory linear actuator can be reduced
at the same time as reducing the size of the oscillatory
linear actuator.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

FIG. 1 is a perspective view of an appearance of a
cutting device which includes an oscillatory linear
actuator according to an embodiment and removes
body hair.

FIG. 2 is a perspective view of a schematic config-
uration of the oscillatory linear actuator according to
the embodiment.

FIG. 3 is a front view of a schematic configuration of
the oscillatory linear actuator according to the em-
bodiment.

FIG. 4 is a side view of a schematic configuration of

the oscillatory linear actuator according to the em-
bodiment.

FIG. 5 is a rear view of a schematic configuration of
the oscillatory linear actuator according to the em-
bodiment.

FIG. 6 is an exploded perspective view of a sche-
matic configuration of the oscillatory linear actuator
according to the embodiment.

FIG. 7 is a perspective view of a schematic config-
uration of each of an output movable element and a
vibration absorbing movable element according to
the embodiment.

FIG. 8 is a perspective view of the output movable
element and the vibration absorbing movable ele-
ment in an assembled state.

DESCRIPTION OF EMBODIMENT

[0019] Next, an embodiment of an oscillatory linear ac-
tuator and a cutting device including the oscillatory linear
actuator according to the present invention will be de-
scribed with reference to the drawings. Note that the fol-
lowing embodiment merely illustrates an example of the
oscillatory linear actuator and the cutting device including
the oscillatory linear actuator according to the present
invention. As such, the scope of the present invention is
demarcated by the scope of the language in the claims
using the below embodiment as a reference, and is not
intended to be limited merely by the following embodi-
ment, Therefore, among the structural elements in the
following embodiment, structural elements not recited in
any one of the independent claims defining the most ge-
neric part of the inventive concept are described as pre-
ferred structural elements, and are not absolutely nec-
essary to achieve the object according to the present
invention.
[0020] Note that the drawings are schematic illustra-
tions in which emphasis, omission, and adjustment in
proportion are made as appropriate to illustrate the
present invention, and may differ from the actual shape,
positional relationship, and proportion.

[Cutting Device]

[0021] FIG. 1 is a perspective view of an appearance
of a cutting device which includes an oscillatory linear
actuator according to the embodiment and removes body
hair.
[0022] As illustrated in FIG. 1, cutting device 1 is, for
example, an electric hair clipper, and includes case 2,
blade unit 3, and switch 4. Case 2 houses oscillatory
linear actuator 100 (see, for example, FIG. 2) for driving
blade unit 3.
[0023] Blade unit 3 is attached to the top part of case
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2. Blade unit 3 has a function of cutting body hair such
as head hair. Specifically, blade unit 3 includes: station-
ary blade 31; and work part 32 serving as a so-called
movable blade for cutting an object in cooperation with
stationary blade 31. Stationary blade 31 is fixed to the
top part of case 2. Work part 32 is connected to shaft 520
(see, for example, FIG. 2) of output movable element 101
of oscillatory linear actuator 100, and is part of output
movable element 101 to be described later. Moreover,
stationary blade 31 and work part 32 are in contact with
each other at their opposing faces. Work part 32 is re-
ciprocated relative to stationary blade 31 by oscillatory
linear actuator 100. This reciprocation causes blade unit
3 to cut hair.

[Oscillatory Linear Actuator]

[0024] Next, oscillatory linear actuator 100 will be de-
scribed in details.

FIG. 2 is a perspective view of a schematic config-
uration of the oscillatory linear actuator according to
the embodiment.
FIG.3 is a front view of a schematic configuration of
the oscillatory linear actuator according to the em-
bodiment.
FIG.4 is a side view of a schematic configuration of
the oscillatory linear actuator according to the em-
bodiment.
FIG.5 is a rear view of a schematic configuration of
the oscillatory linear actuator according to the em-
bodiment.
FIG. 6 is an exploded perspective view of a sche-
matic configuration of the oscillatory linear actuator
according to the embodiment.
FIG. 7 is a perspective view of a schematic config-
uration of each of the output movable element and
the vibration absorbing movable element according
to the embodiment.

[0025] Note that, in the drawings, respective structural
elements are illustrated in a three-dimensional orthogo-
nal coordinate system where the x-axis direction indi-
cates the direction in which the output movable element
and the vibration absorbing movable element oscillate,
the y-axis direction indicates the direction in which work
part 32 and stationary blade 31 are arranged, and the z-
axis direction indicates the direction in which the shaft of
the output movable element extends. Note that the z-axis
direction does not necessarily indicate the vertical direc-
tion depending on the state of use. However, for illustra-
tive purposes, descriptions may be given below assum-
ing that the x-y plane is the horizontal plane, and the z-
axis direction indicates the vertical direction.
[0026] As illustrated in the drawings (in particular, FIG.
6 and FIG. 7), oscillatory linear actuator 100 includes
output movable element 101, vibration absorbing mova-
ble element 102, electromagnetic core block 200, and

frame 400.

[Output Movable Element]

[0027] Output movable element 101 is reciprocated by
a periodically varying magnetic field, and performs work
on an object such as body hair. In the present embodi-
ment, output movable element 101 includes work part
32, body 510, first driver 310, and first weight 305.
[0028] Work part 32 performs work on an object at a
predetermined distance away from first driver 310. In the
present embodiment, oscillatory linear actuator 100 is
attached to cutting device 1, and thus, work part 32 is a
movable blade which cuts an object in cooperation with
stationary blade 31.
[0029] Body 510 is a structural component which forms
the framework of output movable element 101. In the
present embodiment, body 510 is integrally formed. Body
510 is cranked in an overall view. Body 510 includes:
attachment part 512 which is disposed on the x-y plane
and to which first driver 310 is attached; shaft 520 which
is disposed on one end of attachment part 512 along the
y-axis and which extends to work part 32 along the z-
axis; and weight support 530 which extends in the oppo-
site direction to shaft 520 from the other end of attach-
ment part 512 along the z-axis, and which holds first
weight 305.
[0030] Attachment part 512 is a part to which first driver
310 is attached. Attachment part 512 is attached to frame
400 to be described later. In the present embodiment,
attachment part 512 includes two arm-shaped parts
across opening 511, and first driver 310 is attached to
the two arm-shaped parts in a bridge manner. Moreover,
attachment part 512 is disposed so as to protrude, in one
direction along the y-axis, beyond electromagnetic core
block 200 to be described later.
[0031] Shaft 520 connects work part 32 and first driver
310, and extends perpendicularly (along the z-axis) to
the plane (the x-y plane in the drawings) where attach-
ment part 512 is disposed. Moreover, the tip of shaft 520
has an approximately cylinder (elliptic cylinder) shape to
which work part 32 is attached.
[0032] Moreover, in the present embodiment, the por-
tion of shaft 520 connected to attachment part 512 is
forked across opening 511, and respectively connected
to the two arm-shaped parts.
[0033] Opening 511 defined by shaft 520 and attach-
ment part 512 is a space where connector 309 of vibration
absorbing movable element 102 to be described later is
pierced.
[0034] Weight support 530 holds first weight 305 at a
position opposite to work part 32 relative to attachment
part 512 in order to keep work part 32 balanced against
attachment part 512. In the present embodiment, weight
support 530 is connected to an edge of attachment part
512 protruding beyond electromagnetic core block 200
along the y-axis, and extends along electromagnetic core
block 200 at a side of electromagnetic core block 200 to
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be described later (see FIG. 4).
[0035] First driver 310 generates a thrust force which
reciprocates output movable element 101 by interaction
with the magnetic field generated from electromagnetic
core block 200. In the present embodiment, first driver
310 includes first magnet 301 and first yoke 303.
[0036] First magnet 301 is a permanent magnet which
is attached below attachment part 512. First magnet 301
has a north pole at one end and a south pole at the other
end along the x-axis. First magnet 301 is reciprocated
along the x-axis by the work of the periodically varying
magnetic field generated from electromagnetic core
block 200, and generates a thrust force which recipro-
cates work part 32.
[0037] First yoke 303 is made of a magnetic material
which concentrates the magnetic flux of first magnet 301
and increases the work with the magnetic field generated
from electromagnetic core block 200.
[0038] First weight 305 is disposed opposite to work
part 32 relative to first driver 310, and adjusts the center
of mass 110 of output movable element 101 so as to be
positioned close to the center of mass 120 of vibration
absorbing movable element 102 (indicated by dashed
circles in FIG. 4).

[Vibration Absorbing Movable Element]

[0039] Vibration absorbing movable element 102 is re-
ciprocated at a phase opposite to the phase of output
movable element 101, and reduces the overall vibration
of oscillatory linear actuator 100. In the present embod-
iment, vibration absorbing movable element 102 includes
connector 309, second driver 320, and second weight
306.
[0040] Second driver 320 generates a thrust force
which reciprocates vibration absorbing movable element
102 at a phase opposite to the phase of output movable
element 101 by interaction with the magnetic field gen-
erated from electromagnetic core block 200. In the
present embodiment, second driver 320 includes second
magnet 302 and second yoke 304.
[0041] Second magnet 302 is a permanent magnet
which is attached below connector 309. Second magnet
302 has a south pole at one end and a north pole at the
other end along the x-axis. The polarities of second mag-
net 302 are disposed so as to be opposite to the polarities
of first magnet 301. For example, along the x-axis, when
the negative end of first magnet 301 is a north pole, and
the positive end of first magnet 301 is a south pole, the
negative end of second magnet 302 is a south pole and
the positive end of second magnet 302 is a north pole.
In a similar manner to first magnet 301, second magnet
302 is reciprocated along the x-axis at a phase opposite
to the phase of first magnet 301 by the work of the peri-
odically varying magnetic field which is generated from
electromagnetic core block 200.
[0042] Second yoke 304 is made of a magnetic mate-
rial which concentrates the magnetic flux of second mag-

net 302 and increases the work with the magnetic field
generated from electromagnetic core block 200.
[0043] Second weight 306 positions the center of mass
120 of vibration absorbing movable element 102 close
to the center of mass 110 of output movable element
101, and adjusts the weight balance against output mov-
able element 101.
[0044] Connector 309 is a structural component which
forms the framework of vibration absorbing movable el-
ement 102, and is attached to frame 400.
[0045] In the present embodiment, the center of mass
110 of output movable element 101 refers to the center
of mass of an assembled state of body 510, first driver
310 which includes first magnet 301 and first yoke 303,
first weight 305, work part 32, fastening components, and
the like. Moreover, in the present embodiment, the center
of mass 120 of vibration absorbing movable element 102
refers to the center of mass of an assembled state of
connector 309, second driver 320 which includes second
magnet 302 and second yoke 304, second weight 306,
fastening components, and the like.

[Electromagnetic Core Block]

[0046] Electromagnetic core block 200 is a device
which generates a drive force which reciprocates output
movable element 101 in the oscillation direction (the x-
axis direction in the drawings), and includes coil bobbin
220, coil 230, core 240, and base 250. In the present
embodiment, electromagnetic core block 200 also recip-
rocates vibration absorbing movable element 102.
[0047] Coil 230 is a component around which electri-
cally conductive wire is spirally wound, and is capable of
generating a magnetic field when an electric current is
applied to the wire. The polarities of the magnetic field
generated by an application of an alternating current to
coil 230 can be periodically and repeatedly reversed,
which allows output movable element 101 and vibration
absorbing movable element 102 to reciprocate.
[0048] Coil bobbin 220 is a component which severs
as a base for forming a coil by winding electrically con-
ductive wire around coil bobbin 220. In the present em-
bodiment, coil bobbin 220 is made of an insulating ma-
terial and has a square tube shape.
[0049] Core 240 is made of a magnetic material, and
guides the magnetic field generated within coil 230 to a
predetermined position. In the present embodiment, core
240 is a component having an E-shape in a side view,
and integrally includes a pillar which pierces coil bobbin
220, two pillars disposed on the both sides of coil bobbin
220, and a base part which connects these pillars at the
lower end of core 240. Note that the shape of core 240
is not limited to the E-shape, but may be any other shapes
such as a U-shape.
[0050] Base 250 is, for example, made of an insulating
material, and supports core 240 and coil bobbin 220 via
core 240. Base 250 holds core 240, coil bobbin 220, and
coil 230 at predetermined positions relative to frame 400.
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[Frame]

[0051] Frame 400 holds output movable element 101
and vibration absorbing movable element 102 while per-
mitting reciprocation of output movable element 101 and
vibration absorbing movable element 102. Moreover,
frame 400 maintains spaces between first driver 310 of
output movable element 101, second driver 320 of vibra-
tion absorbing movable element 102, and electromag-
netic core block 200. In the present embodiment, frame
400 is integrally made of resin, for example, and includes
first holder 410 which holds output movable element 101,
second holder 420 which holds vibration absorbing mov-
able element 102, a pair of connection springs 431 and
432 which connect first holder 410 and second holder
420, and third holder 440 which holds electromagnetic
core block 200.
[0052] First holder 410 includes first fixing part 411
elongated along the x-axis, and a pair of first springs 412
suspended from the both ends of first fixing part 411 and
connected to third holder 440.
[0053] Output movable element 101 is attached to first
fixing part 411. In the present embodiment, first magnet
301 and first yoke 303 are attached to first fixing part 411
from below in the aforementioned order, and attachment
part 512 is attached to first fixing part 411 from above.
Moreover, these are fastened by fastening components
(for example, screws).
[0054] Second holder 420 is arranged side by side with
first fixing part 411, and includes long plate-shaped sec-
ond fixing part 421 which extends along the x-axis, and
a pair of second springs 422 suspended from the both
ends of second fixing part 421 and connected to third
holder 440. Second holder 420 is adjacent to first holder
410 along the y-axis.
[0055] Vibration absorbing movable element 102 is at-
tached to second fixing part 421. In the present embod-
iment, second magnet 302 and second yoke 304 are at-
tached to second fixing part 421 from below in the afore-
mentioned order, and connector 309 and second weight
306 are attached to second fixing part 421 from above
in the aforementioned order.
[0056] A pair of connection springs 431 are flat plate
springs which are curved and connects first holder 410
and second holder 420 so as to be freely oscillate. Spe-
cifically, among the pair of connection springs 431, one
of connection springs 431 connects one end of first fixing
part 411 of fist holder 410 and one end of second fixing
part 421 of second holder 420. Moreover, the other one
of connection springs 431 connects the other end of first
fixing part 411 of first holder 410 and the other end of
second fixing part 421 of second holder 420.
[0057] In the present embodiment, at least one of, or
desirably both of the center of mass 110 of output mov-
able element 101 and the center of mass 120 of vibration
absorbing movable element 102 are positioned within
the space surrounded by the pair of curved connection
springs 431. With this, it is possible to further reduce the

overall vibration of oscillatory linear actuator 100.
[0058] Moreover, connection springs 431 have such a
structure that, along the x-axis, the amplitude of vibration
absorbing movable element 102 is permitted to be great-
er than the amplitude of output movable element 101,
that is the amplitude of second fixing part 421 is permitted
to be greater than the amplitude of first fixing part 411.
[0059] Third holder 440 is a frame having opening 441
which is rectangular in a top view. Third holder 440 holds
electromagnetic core block 200 with electromagnetic
core block 200 being inserted to opening 441 of third
holder 440.
[0060] Moreover, first spring 412 of first holder 410 and
second spring 422 of second holder 420 are connected
to third holder 440. Accordingly, first spring 412 and sec-
ond spring 422 oscillate with the connected portions of
third holder 440 being a point of origin.
[0061] Next, a positional relationship between output
movable element 101 and vibration absorbing movable
element 102 will be described. FIG. 8 is a perspective
view of the output movable element and the vibration
absorbing movable element in an assembled state.
[0062] As illustrated in FIG. 8, first driver 310 of output
movable element 101 and second driver 320 of vibration
absorbing movable element 102 are arranged in parallel
on a plane parallel to the x-y plane. Shaft 520 of output
movable element 101 is disposed above second driver
320 along the z-axis. In other words, second driver 320
is disposed on a line extending parallel with shaft 520.
[0063] In contrast, second weight 306 of vibration ab-
sorbing movable element 102 is disposed above first driv-
er 310 along the z-axis, that is, positioned close to work
part 32. Connector 309 which connects second weight
306 and second driver 320 is disposed orthogonally to
shaft 520 in such a manner that connector 309 passes
through opening 511 of shaft 520 of output movable el-
ement 101.
[0064] Moreover, along the y-axis, first weight 305 is
disposed by weight support 530 at a position farther from
second driver 320 than second weight 306 is.
[0065] With such a positional relationship, the center
of mass 110 of output movable element 101 and the cent-
er of mass 120 of vibration absorbing movable element
102 are positioned close to each other along the y-axis
in which first driver 310 and second driver 320 are ar-
ranged.

[Operation]

[0066] Next, the operations performed by oscillatory
linear actuator 100 will be described.
[0067] When an alternating current is supplied to coil
230 of electromagnetic core block 200 which forms an
electromagnet, the state of the north pole, the south pole,
and the north pole (in this arrangement order) and the
state of the south pole, the north pole, and the south pole
(in this arrangement order) are periodically switched on
the top end surfaces of respective pillars of core 240.

9 10 
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[0068] In contrast, first magnet 301 held by first holder
410 and second magnet 302 held by second holder 420
are disposed so that the polarities of the respective mag-
nets are reversed. Accordingly, the magnetic force gen-
erated from single coil 230 generates opposing forces
along the x-axis on first magnet 301 and second magnet
302, which causes first magnet 301 and second magnet
302 to linearly move in the opposite directions. As a re-
sult, output movable element 101 and vibration absorbing
movable element 102 oscillate at the opposite phases.

[Advantageous Effects, etc.]

[0069] As described above, in oscillatory linear actua-
tor 100 included in cutting device 1 according to the
present embodiment, the center of mass 110 of output
movable element 101 and the center of mass 120 of vi-
bration absorbing movable element 102 are positioned
close to each other. Therefore, it is possible to effectively
reduce vibration of cutting device 1 generated while os-
cillatory linear actuator 100 is operating.
[0070] Moreover, work part 32 and first weight 305
which largely occupy the weight of output movable ele-
ment 101 are spread across first driver 310, and second
weight 306 of vibration absorbing movable element 102
is disposed between work part 32 and first weight 305.
This allows the size of oscillatory linear actuator 100 to
be reduced, allowing the size of cutting device 1 including
oscillatory linear actuator 100 to be reduced.
[0071] Note that the present invention is not limited to
the above embodiment. For example, other embodi-
ments that can be realized by arbitrarily combining the
structural elements described in the present specification
or by removing some structural elements may be em-
bodiments of the present invention. Moreover, modifica-
tions obtainable through various changes to the above-
described embodiment that can be conceived by a per-
son of ordinary skill in the art without departing from the
essence of the present invention, that is, the meaning of
the recitations in the claims are included in the present
invention. The scope of the invention is only defined by
the appended claims.
[0072] For example, the shape and the structure of out-
put movable element 101 are not limited to the above
embodiment. For example, in the case where electro-
magnetic core block 200 includes a permanent magnet,
an electromagnet may be provided in output movable
element 101.
[0073] Moreover, output movable element 101 may in-
clude a plurality of work elements such as a plurality of
work parts 32. Moreover, even if output movable element
101 is divided into a plurality of elements, if those ele-
ments oscillate together at the same phase and generate
a thrust force acting on an object, they are considered to
be output movable element 101. Moreover, the weight
distribution of divided output movable elements 101 does
not need to be equal, and it may be that the center of
mass 110 as the whole of divided output movable ele-

ments 101 is positioned close to the center of mass 120
of vibration absorbing movable element 102.
[0074] Moreover, in a similar manner to output mova-
ble element 101, the shape and the structure of vibration
absorbing movable element 102 are not limited to the
above embodiment. Vibration absorbing movable ele-
ment 102 may include an electromagnet.
[0075] Moreover, output movable element 101 may in-
clude a plurality of work elements such as a plurality of
work parts 32. Moreover, even if output movable element
101 is divided into a plurality of elements, if those ele-
ments oscillate together at the same phase and generate
a thrust force acting on an object, they are considered to
be output movable element 101. Moreover, vibration ab-
sorbing movable element 102 may be divided into a plu-
rality of elements as long as the divided elements oscil-
late at the phase opposite to the phase of output movable
element 101.
[0076] Moreover, it has been described that vibration
absorbing movable element 102 oscillates due to inter-
action with electromagnet core block 200. However, it
may be that vibration absorbing movable element 102
does not work with the magnetic force generated from
electromagnetic core block 200, but functions as a dy-
namic vibration absorber connected to output movable
element 101 with an elastic member. In this case, vibra-
tion absorbing movable element 102 does not need to
include a permanent magnet and an electromagnet.

INDUSTRIAL APPLICABILITY

[0077] The present invention is applicable to a cutting
device which removes body hair such as an electric clip-
per and an electric razor, and a cutting device which cuts
grass and tree branches.

REFERENCE SIGNS LIST

[0078]

1 cutting device
2 case
3 blade unit
4 switch
31 stationary blade
32 work part
100 oscillatory linear actuator
101 output movable element
102 vibration absorbing movable element
200 electromagnetic core block
220 coil bobbin
230 coil
240 core
250 base
301 first magnet
302 second magnet
303 first yoke
304 second yoke
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305 first weight
306 second weight
309 connector
310 first driver
320 second driver
400 frame
410 first holder
411 first fixing part
412 first spring
420 second holder
421 second fixing part
422 second spring
431 connection spring
440 third holder
441 opening
510 body
511 opening
512 attachment part
520 shaft
530 weight support

Claims

1. An oscillatory linear actuator comprising:

an output movable element (101) which is recip-
rocated by a periodically varying magnetic field
and performs work on an object; and
a vibration absorbing movable element (102)
which is reciprocated at a phase opposite to a
phase of the output movable element (101) and
reduces vibration of the oscillatory linear actua-
tor (100),
wherein the output movable element (101) in-
cludes:

a first driver (310) which generates a thrust
force which is reciprocated by a magnetic
field;
a work part (32) which performs work on the
object at a predetermined distance away
from the first driver (310);
a shaft (520) which connects the work part
(32) and the first driver (310);
a first weight (305); and
a weight support (530) holding the first
weight (305) on an attachment part (512) of
the output movable element (101) at a po-
sition opposite to the work part (32), the first
driver (310) being attached to the attach-
ment part (512);

the first weight (305) is opposite to the work part
(32) relative to the first driver (310); and
the vibration absorbing movable element (102)
includes:

a second driver (320) disposed parallel to
the first driver (310), and disposed on a line
extending parallel with the shaft (520);
a second weight (306) disposed on a work
part side of the first driver (310); and
a connector (309) which connects the sec-
ond driver (320) and the second weight
(306);

wherein the oscillatory linear actuator (100)
comprises an axis;
the axis being a direction in which the work part
(32) is arranged;
the first weight (305) and the second weight
(306) are each disposed at a position; and
the position of the first weight (305) is along said
axis farther from the second driver (320) than
the position of the second weight (306) from the
second driver (320) is.

2. The oscillatory linear actuator according to claim 1,
wherein, in a direction in which the first driver (310)
and the second driver (320) are arranged, a center
of mass of the output movable element (101) is dis-
posed at a position which satisfies at least one of (a)
a condition that the center of mass of the output mov-
able element (101) is identical to a center of mass
of the vibration absorbing movable element (102)
and (b) a condition that the center of mass of the
output movable element (101) is on a first driver side
relative to an intermediate position between the first
driver (310) and the second driver (320).

3. The oscillatory linear actuator according to claim 1
or 2, comprising an attachment part (512) to which
the first driver (310) is attached,
wherein the attachment part (512), the shaft (520),
and the weight support (530) are integrally formed.

4. A cutting device comprising:

the oscillatory linear actuator (100) according to
any one of claims 1 to 3;
a movable blade (32) which serves as the work
part (32); and
a stationary blade (31) which rubs against the
movable blade (32).

Patentansprüche

1. Oszillierender Linearantrieb, der umfasst:

ein bewegliches Ausgangselement (101), das
durch ein sich periodisch änderndes Magnetfeld
hin- und herbewegt wird und Arbeit an einem
Objekt durchführt; sowie
ein schwingungsabsorbierendes bewegliches
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Element (102), das mit einer Phase hin- und her-
bewegt wird, die entgegengesetzt zu einer Pha-
se des beweglichen Ausgangselementes (101)
ist, und Schwingung des oszillierenden Linear-
antriebs (100) verringert,
wobei das bewegliche Ausgangselement (101)
enthält:

eine erste Antriebseinrichtung (310), die ei-
ne Schubkraft erzeugt, die durch ein Mag-
netfeld hin- und herbewegt wird;
ein Bearbeitungsteil (32), das in einem vor-
gegebenen Abstand zu der ersten Antriebs-
einrichtung (310) Arbeit an dem Objekt
durchführt;
eine Welle (520), die das Bearbeitungsteil
(32) und die erste Antriebseinrichtung (310)
verbindet;
ein erstes Gewicht (305); sowie
einen Gewicht-Träger (530), der das erste
Gewicht (305) an einem Anbringungsteil
(512) des beweglichen Ausgangselemen-
tes (101) an einer Position gegenüber dem
Bearbeitungsteil (32) hält, wobei die erste
Antriebseinrichtung (310) an dem Anbrin-
gungsteil (512) angebracht ist;
wobei das erste Gewicht (305) dem Bear-
beitungsteil (32) relativ zu der ersten An-
triebseinrichtung (310) gegenüberliegt; und
das schwingungsabsorbierende bewegli-
che Element (102) enthält:

eine zweite Antriebseinrichtung (320),
die parallel zu der ersten Antriebsein-
richtung (310) angeordnet ist und auf
einer parallel zu der Welle (520) verlau-
fenden Linie angeordnet ist;
ein zweites Gewicht (306), das an einer
Bearbeitungsteil-Seite der ersten An-
triebseinrichtung (310) angeordnet ist;
und
einen Verbinder (309), der die zweite
Antriebseinrichtung (320) und das
zweite Gewicht (306) verbindet;

wobei der oszillierende Linearantrieb (100)
eine Achse umfasst;
die Achse eine Richtung ist, in der das Be-
arbeitungsteil (32) angeordnet ist;
das erste Gewicht (305) und das zweite Ge-
wicht (306) jeweils an einer Position ange-
ordnet sind; und
die Position des ersten Gewichtes (305)
entlang der Achse weiter von der zweiten
Antriebseinrichtung (320) entfernt ist als die
Position des zweiten Gewichtes (306) von
der zweiten Antriebseinrichtung (320).

2. Oszillierender Linearantrieb nach Anspruch 1,
wobei in einer Richtung, in der die erste Antriebsein-
richtung (310) und die zweite Antriebseinrichtung
(320) angeordnet sind, ein Schwerpunkt des beweg-
lichen Ausgangselementes (101) an einer Position
angeordnet ist, die wenigstens (a) eine Bedingung
dahingehend, dass der Schwerpunkt des bewegli-
chen Ausgangselementes (101) identisch mit einem
Schwerpunkt des schwingungsabsorbierenden be-
weglichen Elementes (102) ist, oder (b) eine Bedin-
gung dahingehend erfüllt, dass der Schwerpunkt des
beweglichen Ausgangselementes (101) an einer
Seite der ersten Antriebseinrichtung relativ zu einer
Position zwischen der ersten Antriebseinrichtung
(310) und der zweiten Antriebseinrichtung (320)
liegt.

3. Oszillierender Linearantrieb nach Anspruch 1 oder
2, der umfasst:

ein Anbringungsteil (512), an dem die erste An-
triebseinrichtung (310) angebracht ist,
wobei das Anbringungsteil (512), die Welle
(520) und der Gewicht-Träger (530) integral
ausgebildet sind.

4. Schneidevorrichtung, die umfasst:

den oszillierenden Linearantrieb (100) nach ei-
nem der Ansprüche 1 bis 3;
eine bewegliche Klinge (32), die als das Bear-
beitungsteil (32) dient; und
eine stationäre Klinge (31), die an der bewegli-
chen Klinge (32) reibt.

Revendications

1. Actionneur linéaire vibrant comprenant :

un élément mobile de sortie (101) qui est animé
d’un mouvement de va-et-vient par un champ
magnétique variant périodiquement et qui effec-
tue un travail sur un objet
un élément mobile absorbant les vibrations
(102) qui effectue un mouvement de va-et-vient
en opposition de phase avec l’élément mobile
de sortie (101) et réduit les vibrations de l’ac-
tionneur linéaire vibrant (100),
dans lequel l’élément mobile de sortie (101)
comprend:

un premier élément d’entraînement (310)
qui génère une force de poussée qui est
réciproque à un champ magnétique;
une pièce d’usinage (32) qui effectue un tra-
vail sur l’objet à une distance prédéterminée
du premier élément d’entraînement (310);
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un arbre (520) qui relie la pièce d’usinage
(32) et le premier élément d’entraînement
(310);
un premier contrepoids (305); et
un support de poids (530) maintenant le pre-
mier contrepoids (305) sur une pièce de
fixation (512) de l’élément mobile de sortie
(101) à une position opposée à la pièce
d’usinage (32), le premier élément d’entraî-
nement (310) étant fixé à la pièce fixation
(512);

le premier contrepoids (305) est opposé à la piè-
ce d’usinage (32) par rapport au premier élé-
ment d’entraînement (310), et
l’élément mobile absorbant les vibrations (102)
comprend:

un second élément d’entraînement (320)
disposé parallèlement au premier élément
d’entraînement (310), et disposé sur une li-
gne s’étendant parallèlement à l’arbre
(520);
un second contrepoids (306) disposé sur un
côté de la pièce d’usinage du premier élé-
ment d’entraînement (310);
un connecteur (309) qui relie le second élé-
ment d’entraînement (320) et le second
contrepoids (306);
dans lequel l’actionneur linéaire vibrant
(100) comprend un axe;
l’axe étant une direction dans laquelle la piè-
ce d’usinage (32) est disposée;
le premier contrepoids (305) et le second
contrepoids (306) sont chacun disposés à
un endroit; et
la position du premier contrepoids (305) est
le long dudit axe plus éloignée du second
élément d’entraînement (320) que la posi-
tion du second contrepoids (306) du second
élément d’entraînement (320).

2. Actionneur linéaire vibrant selon la revendication 1,
dans lequel, dans une direction dans laquelle le pre-
mier élément d’entraînement (310) et le second élé-
ment d’entraînement (320) sont disposés, un centre
de masse de l’élément mobile de sortie (101) est
disposé à une position qui satisfait à au moins l’une
des conditions suivantes: (a) une condition selon la-
quelle le centre de masse de l’élément mobile de
sortie (101) est identique à un centre de masse de
l’élément mobile d’absorption de vibrations (102) et
(b) une condition selon laquelle le centre de masse
de l’élément mobile de sortie (101) se trouve du côté
du premier élément d’entraînement par rapport à une
position intermédiaire entre le premier élément d’en-
traînement (310) et le second élément d’entraîne-
ment (320).

3. Actionneur linéaire vibrant selon les revendications
1 ou 2, comprenant une partie fixation (512) à la-
quelle est fixé le premier élément d’entraînement
(310), dans lequel la partie fixation (512), l’arbre
(520) et le support de poids (530) sont formés d’un
seul tenant.

4. Dispositif de coupe comprenant:

l’actionneur linéaire vibrant (100) selon l’une
quelconque des revendications 1 à 3; et
une lame mobile (32) qui sert de pièce d’usinage
(32)
une lame fixe (31) qui frotte contre la lame mo-
bile (32).
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