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(57) Abstract: [Technical Problem] To provide separate structural units for an inner gear and a housing, that suppress vibration trans-
mitted from a planetary gear mechanism and suppress noise produced by the planetary gear device. [Solution to Problem] Separate
structural units for an inner gear and a housing comprising: an inner gear wherein a first raised portion that extend towards a direction
that is inclined in respect to the axial direction is formed on the outer peripheral surface; and a housing wherein a second raised portion
that extends in a direction that is inclined in respect to the axial direction is formed on the inner peripheral surface, and that contains
the inner gear in a state wherein there is a gap from the inner peripheral surface. The movement of the inner gear within the interior of
the housing is limited through linear contact of the first raised portion and the second raised portion.
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Description

Title of Invention: A GEAR HOUSING FOR A PLANETARY
GEAR DEVICE THAT STRUCTURALLY ISOLATES AN INNER

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

GEAR
Technical Field

The present invention relates to separate structural units for an inner gear and a
housing, a planetary gear device comprising said separate structural units, and an

actuator comprising said planetary gear device.

Background Art

Planetary gear devices are used in a variety of technologies, such as automobiles,
robots, and the like. Because planetary gear devices are structured through a com-
bination of a plurality of gears, noise and vibration is produced during operation. Tech-
nologies have been proposed to suppress the production of noise and vibration when
the planetary gear device is operating.

As one of such technologies that has been proposed, Patent Document 1 discloses a
planetary gear device with a structure that separates the inner gear and the housing,
with a gap between the two. Using a structure wherein the inner gear and the housing
are separate makes transmission of vibrations from the inner gear to the housing more

difficult, reducing the noise that is produced from the vibrations.
Citation List
Patent Literature

[Patent Document 1] Japanese Unexamined Patent Application Publication
H06-074835

Summary of Invention

Technical Problem

In the planetary gear device of Patent Document 1, the outer peripheral surface of
the inner gear and the inner peripheral surface of the housing are formed with shapes
that fit together. Because of this, when the inner gear moves during operation of the
planetary gear device, there is contact between the outer peripheral surface of the inner
gear and the inner peripheral surface of the housing, in a range that has some degree of
width. Through this, in the state wherein there is contact between the inner gear and
the housing, the vibration of the planetary gear mechanism that propagates to the inner
gear is readily transmitted to the housing, so there is a problem in that there is a
tendency for the planetary gear device to also produce noise.

The present invention is to solve problem areas such as described above, and the
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[0008]

[0009]

object is to provide separate structural units for the inner gear and the housing, able to
suppress transmission of the vibrations from the planetary gear mechanism and noise
that is produced by the planetary gear device, and to provide a planetary gear device
equipped with the separate structural units, and an actuator equipped with the planetary
gear device.

Solution to Problem

Separate structural units for an inner gear and a housing according to the present
invention comprise: an inner gear having a first raised portion, that extends from one
side in the axial direction to the other side in the axial direction, formed on the outer
peripheral surface thereof, in a direction that is inclined in respect to the axial
direction; and a housing, wherein a second raised portion that extends in a direction
that is inclined in respect to the axial direction is formed on the inner peripheral
surface thereof, for containing the inner gear in a state wherein a gap is provided from
the inner peripheral surface, wherein: the movement of the inner gear within the
interior of the housing is limited through linear contact between the first raised portion
and the second raised portion.

In another aspect of the present invention, separate structural units for an inner gear
and a housing comprise: an inner gear with a plurality of first raised portions and a
contacting portion that is located between adjacent first raised portions, formed on the
outer peripheral surface thereof; and a housing wherein a second raised portion is
formed on the inner peripheral surface thereof, for containing the inner gear in a state
wherein a gap is provided from the inner peripheral surface, wherein: movement of the
inner gear within the housing is limited through contact of the first raised portion and
the second raised portion, and movement within the housing is limited through contact
of the contacting portion and the inner peripheral surface of the housing; and an
opening that is provided in the axial direction is formed on the inside of the contacting
portion of the inner gear.

In another aspect of the present invention, separate structural units for an inner gear
and a housing comprise: an inner gear wherein a plurality of first raised portions that
extend in a prescribed direction is formed on the outer peripheral surface; and a
housing wherein a plurality of second raised portions, which extend in the prescribed
direction, is formed on the inner peripheral surface thereof, for containing the inner
gear in a state wherein a gap is provided from the inner peripheral surface, wherein: the
movement of the inner gear within the housing is limited through linear contact of the
first raised portion with the corresponding second raised portion; and the plurality of
first raised portions and the plurality of second raised portions are disposed with each

equally spaced.
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[0010] In another aspect of the present invention, separate structural units for an inner gear
and a housing comprise: an inner gear wherein a plurality of first raised portions that
extend in a prescribed direction is formed on the outer peripheral surface; and a
housing wherein a plurality of second raised portions, which extend in the prescribed
direction, is formed on the inner peripheral surface thereof, for containing the inner
gear in a state wherein a gap is provided from the inner peripheral surface, wherein: the
movement of the inner gear within the housing is limited through linear contact of the
first raised portion with the corresponding second raised portion; and the plurality of
first raised portions and the plurality of second raised portions are disposed with each
adjacent raised portion unequally spaced.

[0011] Of the first raised portion and the second raised portion, one raised portion may be
formed in a pair with a space therebetween, and the other raised portion may be
disposed so as to be inserted between the one raised portion that is formed in a pair;
and of the location of contact of the one raised portion and the location of contact of
the other raised portion, which contact each other, at least one may be a curved surface.

[0012] The one raised portion may be the second raised portion and the other raised portion
may be the first raised portion; and the first raised portion may have a cross-section
that is triangular when sectioned by a plane that is perpendicular to the axial direction,
and may contact the second raised portion at an inclined surface that is formed in a
plane.

[0013] The one raised portion may be the first raised portion and the other raised portion
may be the second raised portion; and the second raised portion may have a cross-
section that is triangular when sectioned by a plane that is perpendicular to the axial
direction, and may contact the first raised portion at an inclined surface that is formed
in a plane.

[0014] Of the location of contact of the first raised portion and the location of contact of
the second raised portion, which contact each other, one may be a convex curved
surface and the other may be a plane.

[0015] The location of contact of the first raised portion and the location of contact of the
second raised portion, which contact each other, may be convex curved surfaces.

[0016] Of the location of contact of the first raised portion and the location of contact of
the second raised portion, which contact each other, one may be a convex curved
surface and the other may be a concave curved surface.

[0017] The first raised portion may be structured from an outer tooth that is cut along the
axial direction or an outer tooth that is cut along a direction that is inclined in respect
to the axial direction, on the outer peripheral surface of the inner gear; and the second
raised portion may be structured from an inner tooth that is cut along the axial

direction or an inner tooth that is cut along a direction that is inclined in respect to the
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axial direction, on the inner peripheral surface of the housing.
One corresponding second raised portion may be provided for each of the plurality

of first raised portions, where of the plurality of second raised portions, a portion may
contact the corresponding first raised portion when the inner gear is rotated in a first
direction, and the remaining portion may contact the corresponding first raised portion
when the inner gear is rotated in a second direction.

The inner gear and the housing may be made from a synthetic resin; and the inner
gear may be formed from a synthetic resin of a hardness that is less than that of the
synthetic resin for forming the housing.

A planetary gear device according to the present invention comprises: separate
structural units for an inner gear and a housing as set forth above; one or more
planetary gears that mesh with the inner gear; a sun gear that meshes with the one or
more planetary gears, positioned at the center of the one or more planetary gears; and a
carrier that supports the one or more planetary gears rotatably.

The structure may further comprise a second sun gear that rotates similarly to the
rotation of the carrier accompanying rotation of the carrier; one or more second
planetary gears that are disposed on the periphery of the second sun gear, and that
mesh with the second sun gear; a second carrier that supports one or more second
planetary gears rotatably; and a second housing whereon is formed, on the inner pe-
ripheral surface thereof, inner teeth that mesh with the one or more second planetary
gears, wherein: the housing and the second housing may be formed integrally.

In another aspect of the present invention, a planetary gear device comprises at least
two stages of planetary gear mechanisms that each comprises: a sun gear; one or more
planetary gears, arranged on the periphery of the sun gear, for meshing with the sun
gear; and a carrier that supports the one or more planetary gears rotatably, wherein: of
the at least two stages of planetary gear mechanisms, the planetary gear mechanism
that operates at the highest speed comprises separate structural units for an inner gear
and a housing as set forth above, where the one or more planetary gears of the
planetary gear mechanism and the inner gear mesh; and of the at least two stages of the
planetary gear mechanism, the planetary gear mechanism that operates at the lowest
speed comprises a housing wherein inner teeth that mesh with the one or more
planetary gears of the planetary gear mechanism are formed on the inner peripheral
surface.

An actuator according the present invention comprises: a planetary gear device as
set forth above; and a motor, connected to the planetary gear device, for driving the

planetary gear device.

Advantageous Effects of Invention
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In the present invention, the range of contact between the inner gear and the
housing is narrower than in the prior art, thus reducing the transmission, to the
housing, of vibrations caused by the planetary gear mechanism. This can suppress the
transmission of vibrations from the planetary gear mechanism, and can suppress the
noise that is produced from the planetary gear device accompanying vibration of the
planetary gear mechanism.

Brief Description of Drawings

[fig. 1]FIG. 1 is a perspective diagram of an actuator according to a first embodiment
according to the present invention.

[fig.2]FIG. 2 is a front view of an actuator viewed from the arrow All in FIG. 1.
[fig.3]FIG. 3 is a cross-sectional diagram of an actuator, sectioned on the section line
III-1IT in FIG. 2.

[fig.4]FIG. 4 is an assembly perspective diagram of an actuator according to a first em-
bodiment according to the present invention.

[fig.5]FIG. 5 is a cross-sectional diagram of a second housing according to a first em-
bodiment according to the present invention.

[fig.6]FIG. 6 is a perspective diagram of a second housing according to a first em-
bodiment according to the present invention.

[fig.7]F1G. 7 is a perspective diagram of a first planetary gear mechanism according to
a first embodiment according to the present invention.

[fig.8]FIG. 8 is a perspective diagram of a second planetary gear mechanism according
to a first embodiment according to the present invention.

[fig.9]FIG. 9 is a diagram for explaining the relationship between the second housing
and the internal gear according to a first embodiment according to the present
invention.

[fig.10]FIG. 10 is an explanatory diagram focusing on a stopper that is formed in the
second housing depicted in FIG. 9.

[fig. 11]FIG. 11 is an explanatory diagram focusing on a movement limiting raised
portion that is formed on the inner gear depicted in FIG. 9.

[fig.12]FIG. 12 is a diagram for explaining the state of contact with the second housing
through rotation of the inner gear, depicted in FIG. 9, around the axis.

[fig.13]FIG. 13 is a diagram for explaining the state of contact with the second housing
through movement of the inner gear, depicted in FIG. 9, in the direction that is per-
pendicular to the axis.

[fig.14]FIG. 14 is a diagram for explaining the state of contact between the second
housing and the inner gear, when viewed from the arrow XIV in FIG. 12.

[fig.15]FIG. 15 is a schematic diagram comparing the movement limiting raised
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portion, depicted in FIG. 11, with another example of a movement limiting raised
portion.

[fig.16]FIG. 16 is a diagram depicting an inner gear according to a second embodiment
according to the present invention.

[fig.17]FIG. 17 is a cross-sectional diagram of a second housing according to a second
embodiment according to the present invention.

[fig.18]FIG. 18 is a diagram depicting an inner gear according to a third embodiment
according to the present invention.

[fig. 19]FIG. 19 is a diagram depicting the state wherein the inner gear is housed in the
second housing according to the third embodiment according to the present invention.
[fig.20]FIG. 20 is a diagram depicting an inner gear according to a fourth embodiment
according to the present invention.

[fig.21]FIG. 21 is a diagram depicting the state wherein the inner gear is housed in the
second housing according to the fourth embodiment according to the present invention.
[fig.22]FIG. 22 is a diagram depicting an inner gear according to a fifth embodiment
according to the present invention.

[fig.23]FIG. 23 is a diagram depicting the state wherein the inner gear is housed in the
second housing according to the fifth embodiment according to the present invention.
[fig.24]FIG. 24 is an explanatory diagram focusing on the location of contact between
the inner gear and the second housing according to the fifth embodiment according to
the present invention.

[fig.25]FIG. 25 is a diagram depicting an inner gear according to a sixth embodiment
according to the present invention.

[fig.26]FIG. 26 is a diagram depicting a second housing according to a sixth em-
bodiment according to the present invention.

[fig.27]FIG. 27 is a diagram depicting the state wherein the inner gear is housed in the
second housing according to the sixth embodiment according to the present invention.
[fig.28]FIG. 28 is a diagram depicting an inner gear according to a seventh em-
bodiment according to the present invention.

[fig.29]FIG. 29 is a diagram depicting a second housing according to the seventh em-
bodiment according to the present invention.

[fig.30]FIG. 30 is a diagram depicting the state wherein the inner gear is housed in the
second housing according to the seventh embodiment according to the present
invention.

[fig.31]FIG. 31 is a diagram depicting an inner gear according to an eighth em-
bodiment according to the present invention.

[fig.32]FIG. 32 is a diagram depicting a second housing according to the eighth em-

bodiment according to the present invention.
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[fig.33]FIG. 33 is a diagram depicting the state wherein the inner gear is housed in the
second housing according to the eighth embodiment according to the present invention.
[fig.34]FIG. 34 is a diagram depicting an inner gear according to a ninth embodiment
according to the present invention.

[fig.35]FIG. 35 is a diagram depicting a second housing according to the ninth em-
bodiment according to the present invention.

[fig.36]FIG. 36 is a diagram depicting the state wherein the inner gear is housed in the
second housing according to the ninth embodiment according to the present invention.
Description of Embodiments

Separate structural units for an inner gear and a housing, a planetary gear device,
and an actuator according to an ideal embodiment according to the present invention
will be explained below in reference to the drawings. Note that for ease in under-
standing the drawings, in each of the drawings an orthogonal coordinate system is
depicted with an X axis that is parallel to the axial direction of the actuator 1 according
to the embodiment according to the present invention, and a Y axis and a Z axis that
are perpendicular to the X axis.

Example 1
(Structure of the Actuator 1)

As illustrated in FIG. 1 and FIG. 2, the actuator 1 comprises, for example, a motor
10, and a planetary gear device 20 that is connected to the motor 10.

The motor 10 has, for example, a motor main unit 11 and a rotary shaft 12, as il-
lustrated in FIG. 3 and FIG. 4. The motor 10 rotates the rotary shaft 12, under the
control of a controlling portion, not shown, to drive the planetary gear device 20.

The planetary gear device 20 reduces, by a prescribed reduction ratio, the rotation
that is inputted from the motor 10, directed in FIG. 1, and outputs it to an output gear
86a. The planetary gear device 20 comprises, for example, a housing 50, which has a
first housing 30 and a second housing 40, and a planetary gear mechanism 60 that is
contained within the housing 50, as depicted in FIG. 3 and FIG. 4.

The first housing 30 is a member for, for example, attaching the motor 10 to the
planetary gear device 20. Moreover, the first housing 30 is assembled together with the
second housing 40 to form a containing space S, depicted in FIG. 5, for containing the
planetary gear mechanism 60. As illustrated in FIG. 4, an opening 30a is formed in the
center of the first housing 30, and the rotary shaft 12 of the motor 10 passes
therethrough. The rotary shaft 12 that passes through the opening 30a is secured
(connected) to a sun gear 71, described below, of the planetary gear mechanism 60.
The first housing 30 is formed through injection molding, made from, for example, a

synthetic resin.
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[0032]
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The second housing 40 is open on the side (the "one side") that is connected to the
first housing 30, as illustrated in FIG. 5 and FIG. 6, for example, and the planetary gear
mechanism 60, depicted in FIG. 4, can be contained therein from this open part. The
planetary gear mechanism 60, as depicted in FIG. 4, for example, has a first planetary
gear mechanism 70, a second planetary gear mechanism 80, and an output gear 86a,
arranged along the axial direction. The planetary gear mechanism 60 reduces, in two
stages, the (inputted) rotation produced by the motor 10, and outputs it from the output
gear 86a. The second housing 40, as illustrated in FIG. 5, for example, has a first
position 41 wherein the first planetary gear mechanism 70 is contained, a second
position 42 wherein the second planetary gear mechanism 80 is contained, and a third
position 43 wherein the output gear 86a of the second planetary gear mechanism 80
protrudes to the outside.

The first position 41 of the second housing 40, as depicted in FIG. 5 and FIG. 6, for
example, has a round cylinder 44 and a stopper (second raised portion) 45 that extends
along the axial direction (from one side in the axial direction toward the other side).
The stopper 45 has a cross-section of a chevron shape when sectioned with a cross-
section that is perpendicular to the axial direction, where the shape and size thereof are
constant in the axial direction. The stopper 45 is formed in the range of a portion of the
first position 41, in the axial direction, but may instead be formed across the entire
range thereof. The stopper 43, as illustrated in FIG. 9, for example, is disposed so as to
form a pair, in the circumferential direction of the inner wall 44a of the round cylinder
44. Pairs of stoppers 45 are provided in six locations, with equal spacing, on the inner
wall 44a of the round cylinder 44, for example. The cross-sectional shape of each
stopper 43, as illustrated in FIG. 10, for example, has a standing portion 45a that forms
an arc that gradually rises from the inner wall 44a of the round cylinder 44, a rounded
apex 45c, and a connecting portion 45b, for connecting the standing portion 45a and
the apex 45¢ while bulging. Note that the shape and size of the cross-section of the
stopper 45 are constant in the axial direction. Because of this, as can be appreciated
from FIG. 6, for example, the standing portion 45a, the connecting portion 45b, and the
apex 45c are curved surfaces that have no curve in the direction that is parallel to the
axis. A movement limiting raised portion 75 of the inner gear 74, depicted in FIG. 9
and described below, is inserted between the pair of stoppers 45, to limit the movement
of the inner gear 74 within the second housing 40.

The second position 42 of the second housing 40, as illustrated in FIG. 5 and FIG.
6, for example, has a round cylinder 46 and an inner tooth portion 47 that is formed on
the inner wall of the round cylinder 46. The inner tooth portion 47 is at an incline, with
an angle in respect to the axial direction, for example. That is, the second position 42

where the inner tooth portion 47 exists is structured as, for example, a helical gear.
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The third position 43 of the second housing 40 forms, for example, a cylinder, and
has an opening 43a through which passes the output gear 86a of the planetary gear
mechanism 60, depicted in FIG. 4. The torque outputted from the output gear 8§6a can
be transmitted to an external mechanism thereby. The second housing 40 is formed
through injection molding, made from, for example, a synthetic resin.

Additionally, for convenience in the present specification, in FIG. 4 through FIG. 6
the side of the second housing 40 that is open so as to attach to the first housing 30 is
termed the "one side" (the -X direction side), and the side of the second housing 40 that
has the opening 43a of the third position 43, which is the opposite side, is termed the
"other side" (the +X direction side). However, the present invention is not limited
thereto, and the side of the second housing 40 that has the opening 43a of the third
position 43 may be read and interpreted as the one side, and the side of the second
housing 40 that is open for attaching the first housing 30 may be read and interpreted
as the other side.

The planetary gear mechanism 60, as illustrated in FIG. 4, for example, is contained
within the housing 50, and reduces the rotation transmitted from the motor 10 and
outputs it from the output gear 86a. The planetary gear mechanism 60 has, for
example, a first planetary gear mechanism 70 and a second planetary gear mechanism
80, disposed along the axial direction.

The first planetary gear mechanism 70, as illustrated in FIG. 7, for example,
comprises: a sun gear 71; three (a plurality of) planetary gears 72 that are disposed
around the periphery centered on the sun gear 71; a carrier 73 for supporting rotatably
the three (plurality of) planetary gears 72; and an inner gear 74. Note that while, for
convenience in the perspective diagram in FIG. 7, only two planetary gears 72 are il-
lustrated, another planetary gear 72 is provided at a position that is on the back side,
hidden by the carrier 73.

The sun gear 71 is an outer gear having sun tooth portions 71a formed on the outer
peripheral surface thereof, and a rotary shaft 12 of the motor 10, depicted in FIG. 4, is
secured (connected) thereto. Through this, the sun gear 71 is rotated by the operation
of the motor 10. The sun tooth portions 71a have, for example, helical teeth that are cut
at an angle in respect to the axis of the sun gear 71. That is, the sun gear 71 is, for
example, a helical gear.

The planetary gear 72 is, for example, an outer gear wherein planetary tooth
portions 72a are formed on the outer peripheral surface thereof. The planetary tooth
portions 72a have, for example, helical teeth that are cut at an angle in respect to the
axis of the planetary gear 72. That is, the planetary gear 72 is, for example, a helical
gear. Three planetary gears 72 are disposed at equal spacing on the same circle

centered on the axis of the first planetary gear mechanism 70. The sun gear 71 is po-
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sitioned between the three planetary gears 72, where the sun tooth portions 71a mesh
with the respective planetary tooth portions 72a of the three planetary gears 72.

The carrier 73 is formed in, for example, a cylindrical shape, where three containing
openings 73a, for containing the planetary gears 72, are formed in the outer peripheral
surface thereof. Each of the individual planetary gears 72 is supported rotatably, by a
pin 76 that faces in the axial direction, within the respective containing opening 73a, as
illustrated in FIG. 3. The planetary gears 72 are attached in a state wherein, for
example, a portion of the planetary tooth portion 72a protrudes from the outer pe-
ripheral surface of the carrier 73. Through this, the planetary tooth portion 72a can
mesh with the inner tooth portion 74a of the inner gear 74, described below.

Inner tooth portions 74a are formed on the inner peripheral surface of the inner gear
74, as illustrated in, for example, FIG. 3 and FIG. 7. The inner tooth portion 74a is, for
example, a helical gear having helical teeth that are cut at an angle in respect to the
axis of the inner gear 74. The tooth tip rounding diameter for the inner gear 74 is
greater than the diameter of the cylindrical carrier 73. Because of this, the carrier 73
that holds the planetary gear 72 is contained in the interior of the inner gear 74. The
planetary tooth portions 72a that protrude from the outer peripheral surface of the
carrier 73 are meshed with the inner tooth portions 74a of the inner gear 74.

Moreover, movement limiting raised portions (first raised portions) 75, which enter
into the gap between the pairs of stoppers 45 that are formed on the inner wall 44a of
the second housing 40, for example, are formed on the outer peripheral surface of the
inner gear 74, as illustrated in FIG. 9. The movement limiting raised portions 75 are
provided corresponding to, for example, the pairs of stoppers 45, formed in six
locations, similar to the pairs of stoppers 45. The movement limiting raised portions 75
have cross-sections that are essentially triangular when sectioned with a plane that is
perpendicular to the axial direction. The movement limiting raised portions 75, as
depicted in FIG. 11, have, for example, slanted edge portions 75a that are straight,
rising from the outer peripheral surface 74b of the inner gear 74, and rounded apexes
75b, positioned at locations wherein the slanted edge portions 75a, which arise from
both sides, intersect. Note that, as illustrated in FIG. 7, the cross-sectional shape and
size of the movement limiting raised portion 75 is constant in the axial direction (with
a constant extension from one side to the other side in the axial direction), and thus the
slanted edge portion 75a of the movement limiting raised portion 75 structures a plane
region. Note that while the movement limiting raised portions 75 are formed across the
entire width of the inner gear 74, they may instead be formed in only a portion of the
range thereof. Moreover, a hemispherical protrusion 74b, as illustrated in FIG. 7, is
formed on an end face, on the +X direction side of the inner gear 74. A hemispherical

protrusion 74b is formed in each of the gaps between neighboring movement limiting
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raised portions 75, formed in a total of six locations. When the inner gear 74 is
contained in the first position 41 of the second housing 40, depicted in FIG. 5, the
apexes of the six protrusions 74b will contact the stepped surface 46a (FIG. 5 and 6)
that is the boundary between the first position 41 and the second position 42 of the
second housing 40. The form of contact between the protrusion 74b and the stepped
surface 46a is that of a point contact, given that it is a contact between a spherical
surface and a plane. The inner gear 74 is made from, for example, a synthetic resin.
Note that, as described below, the inner gear 74 is formed from a synthetic resin of a
hardness that is less than that of the synthetic resin from which the second housing 40,
depicted in FIG. 9, is formed.

As illustrated in FIG. 9, the second housing 40 and the inner gear 74 are physically
separate, and when the actuator 1 is not operating, a gap is formed therebetween.
Because of this, the inner gear 74 is in a floating state within the second housing 40,
allowing rotation around the axial direction, and movement in the direction that is per-
pendicular to the axial direction, within the second housing 40, in an amount com-
mensurate with the gap that is provided between the inner gear 74 and the second
housing 40. Additionally, through the movement limiting raised portion 75 that is
formed on the inner gear 74 contacting the pair of stoppers 45, further movement of the
inner gear 74 is prevented.

The second planetary gear mechanism 80, which is another planetary gear
mechanism, comprises, for example, a sun gear 81, three planetary gears 82, a carrier
83 that supports the three planetary gears 82 rotatably, and an output shaft 86, as
depicted in FIG. 8. Note that while, for convenience in the perspective diagram in FIG.
8, only two planetary gears 82 are illustrated, another planetary gear 82 is provided at a
position that is on the back side, hidden by the carrier 83.

The sun gear 81 is an outer gear whereon sun tooth portions 81a are formed on the
outer peripheral surface, for example, and is secured (connected), in a state wherein the
axes are aligned together, to the carrier 73 of the first planetary gear mechanism 70,
depicted in FIG. 7. Through this, with the rotation of the carrier 73 of the first
planetary gear mechanism 70, the sun gear 81 will rotate identically to the rotation of
the carrier 73 of the first planetary gear mechanism 70 (linked so as to be syn-
chronized). That is, the sun gear 81, accompanying rotation of the carrier 73 of the first
planetary gear mechanism 70, rotates at the same rotational speed as the carrier 73 of
the first planetary gear mechanism 70, in that the same rotational direction as the
carrier 73 of the first planetary gear mechanism 70. The sun tooth portions 81a have,
for example, helical teeth that are cut at an angle in respect to the axis of the sun gear
81. That is, the sun gear 81 is, for example, a helical gear.

The planetary gear 82 is, for example, an outer gear wherein planetary tooth
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portions 82a are formed on the outer peripheral surface thereof. The planetary tooth
portions 82a have, for example, helical teeth that are cut at an angle in respect to the
axis of the planetary gear 82. That is, the planetary gear 82 is, for example, a helical
gear. Three planetary gears 82, for example, are disposed at equal spacing on the same
circle centered on the axis of the second planetary gear mechanism 80. The sun gear 81
is positioned between the three planetary gears 82, where the sun tooth portions 81a
mesh with the respective planetary tooth portions 82a of the three planetary gears 82.
Additionally, the planetary gear 82 meshes with the inner tooth portions 47 that are
formed on the second housing 40, depicted in FIG. 5 and FIG. 6.

The carrier 83 has, for example, a gear retaining portion 84 for holding the
planetary gears 82, and an output shaft retaining portion 85 for holding the output shaft
86. The gear retaining portion 84 is formed in, for example, a cylindrical shape, where
three containing openings 84a, for containing the planetary gears 82, are formed in the
outer peripheral surface thereof. Each of the individual planetary gears 82 is attached
rotatably, by a pin 87 that faces in the axial direction, within the respective containing
opening 84a, as illustrated in FIG. 3. The planetary gears 82 are attached in a state
wherein a portion of the planetary tooth portion 82a protrudes from the outer pe-
ripheral surface of the carrier 83. This makes it possible to mesh the planetary tooth
portions 82a with the inner tooth portions 47 that are formed on the second housing 40.
Moreover, the output shaft retaining portion 85, as illustrated in FIG. 8, is formed as a
cylinder with a diameter that is smaller than that of the gear retaining portion 84, and a
fitting hole 85a, for holding the output shaft 86, is formed in the center portion of the
output shaft retaining portion 85.

The output shaft 86 is, for example, held on the carrier 83, and rotates together with
the carrier 83. The output shaft 86 has an output gear 86a that has, on the shaft, teeth of
a knurled shape. That is, the output shaft 86 structures, for example, a gear that has
teeth of a knurled shape.

(Operation of the Actuator 1)

An example of the operation of the actuator 1 will be explained next. First, when
the motor 10, depicted in FIG. 4, operates, the rotary shaft 12 rotates in a first direction
or a second direction. The explanation below will be for the case wherein the rotary
shaft 12 rotates in the first direction.

Note that the first direction, in relation to the directions of rotation of each of the
members, is the clockwise direction for the case when all of the members are viewed
from the direction indicated by the arrow AIl shown in FIG. 1. On the other hand the
second direction, in relation to the directions of rotation of each of the members, is the
counterclockwise direction for the case when all of the members are viewed from the

direction indicated by the arrow All shown in FIG. 2.
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When the rotary shaft 12 rotates in the first direction, the sun gear 71, depicted in
FIG. 3 and FIG. 7, rotates in the first direction, accompanying the rotation of the rotary
shaft 12. Accompanying rotation of the sun gear 71 in the first direction, the three
planetary gears 72 that mesh with the sun gear 71 each rotate in the second direction.
Moreover, because the planetary gears 72 mesh with the inner gear 74, they rotate
(revolve) in the first direction around the axis of the first planetary gear mechanism 70,
through the rotation in the second direction. Accompanying the rotation (revolution) of
the planetary gears 72, the carrier 73 rotates in the first direction, centered on its own
axis.

In this way, when the carrier 73 rotates in the first direction, the sun gear 81,
depicted in FIG. 3 and FIG. 8, which is secured by the carrier 73, will rotate in the first
direction. Accompanying rotation of the sun gear 81 in the first direction, the three
planetary gears 82 that mesh with the sun gear 81 each rotate in the second direction.
Moreover, because the planetary gears 82 mesh with the inner tooth portions 47,
depicted in FIG. 5 and FIG. 6, they rotate (revolve) in the first direction around the
axis of the second planetary gear mechanism 80, through the rotation in the second
direction. Accompanying the rotation (revolution) of the planetary gears 82 in the first
direction, the carrier 83 rotates in the first direction, centered on its own axis. Given
this, the rotation of the carrier 83 is transmitted to the output shaft 86 that is held on the
carrier 83.

While the description above was an explanation for the case wherein the rotary shaft
12 rotated in the first direction, if the rotary shaft 12 were rotated in the second
direction, then the explanation of the operation of the actuator 1 would be identical,
with only the directions of rotation of each of the gears being reversed.

As described above, the second housing 40 and the inner gear 74 are physically
separated. Additionally, when the actuator 1 is not operating, a gap is formed between
the second housing 40 and the inner gear 74. Given this, when the actuator 1 operates,
the inner gear 74 can rotate around the axis of the second housing 40, or move in a
direction that is perpendicular to the axis, by an amount commensurate with the gap
that is provided. For example, when the inner gear 74 is rotated in the first direction
(clockwise) from the state shown in FIG. 9, each of the plurality of movement limiting
raised portions 75, formed on the inner gear 74, will soon make linear contact with the
corresponding stoppers 45 that are formed on the second housing 40, as depicted in
FIG. 12. Through this, the inner gear 74 will be unable to rotate further in the
clockwise direction. Because the stoppers 45 are formed in pairs, the rotation of the
inner gear 74, around the axis, will be limited through the same linear contact even if
the inner gear 74 were rotated in the second direction (the counterclockwise direction).

Moreover, the inner gear 74 moves, from the state depicted in FIG. 9, in a direction
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that is perpendicular to the axis, moving, for example, upward in the figure. Given this,
as depicted in FIG. 13, the movement limiting raised portions 75 in the upper portion
in the figure, formed on the inner gear 74, make linear contact with the pairs of
stoppers 45 that are formed on the second housing 40. Through this, the inner gear 74
will be unable to move further in the upward direction, and the movement in the
direction perpendicular to the axis will be limited. Moreover, in this case, the apexes
75b of the inner gear 74 (more specifically, the apexes 75b of the movement limiting
raised portions 75) will not contact the second housing 40 (or, more specifically, the
inner wall 44a of the round cylinder 44). Note that the limitation on the movement of
the inner gear 74 in the directions perpendicular to the axis is not limited to upward
movement of the inner gear 74. Because the six movement limiting raised portions 75
and pairs of stoppers 45 are arranged with equal spacing in the circumferential
direction, they are able to limit movement of the inner gear 74 in a variety of di-
rections, such as the vertical direction, crosswise direction, and diagonal direction in
Fig. 9.

(Effects)

Given the embodiment set forth above, even if, in the structural unit wherein the
inner gear 74 and the second housing 40 are separated, the inner gear 74 were to move
during operation of the actuator 1, the stoppers 45 and the movement limiting raised
portions 75 would make linear contact, limiting the movement of the inner gear 74.
FIG. 12 shows the state of linear contact between the inner gear 74 and the second
housing 40 through rotation of the inner gear 74 around the axis. In this case the pairs
of stoppers 45 and the movement limiting raised portions 75 make contact in all six
locations, and the forms of contact are the same for all. Because of this, a single
contact location, wherein the contact is at the top in the figure, will be explained ref-
erencing the enlarged view in FIG. 12. As illustrated in the figure, the location of
contact between the connecting portion 45b of the stopper 45, illustrated through a
bulging convex curve, and the slanted edge portion 75a of the movement limiting
raised portion 75, illustrated by a straight line, can be depicted as a contact point P1.
That is, the contact will be in an extremely limited range. Note that the cross-section of
the second housing 40 and the cross-section of the inner gear 74 are of constant shapes
and sizes in the axial direction. Because of this, the contact between the connecting
portion 45b and the slanted edge portion 75a will be a contact between a convex
curved surface that does not have a curve in the direction that is parallel to the axis,
and a plane that is parallel to the axis. Because of this, the contact between the inner
gear 74 and the second housing 40 will be linear contact, along the axial direction that
is parallel to the X axis, as with the contact region 90 shown in FIG. 14.

Moreover, FIG. 13 shows the state of contact between the second housing 40 and
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the inner gear 74 through movement of the inner gear 74 in a direction that is per-
pendicular to the axis, for example, movement in the upward direction in the figure. As
depicted in FIG. 13, the locations of contact between the second housing 40 and the
inner gear 74 are the four locations indicated by the contact points P2 through P5. As
shown in the enlarged view in FIG. 13, the contact points P2 and P3 are the locations
of contact between the connecting portion 45b of the stopper 45, illustrated through a
bulging convex curve, and the slanted edge portion 75a of the movement limiting
raised portion 75, illustrated by a straight line. In the same manner as with the above,
such locations of contact are linear contact between the two, given that it is contact of a
convex curved surface, which has no curve in a direction that is parallel to the axis, and
a plane that is parallel to the axis. Moreover, the contacts between the stoppers 45 and
the movement limiting raised portions 75 at the contact points P4 and P5 will also be
linear contacts, because they are contacts between convex curved surfaces and planes.

In this way, through providing pairs of stoppers 45 having chevron shapes that have
convex curved surfaces, and structuring so as to insert, therebetween, triangular
movement limiting raised portions 75 that have planar inclined surfaces, the contacts
between the outer peripheral surfaces of the inner gear 74 and the inner peripheral
surfaces of the second housing 40 can be caused to be linear contacts, even when the
inner gear 74 has rotated around the axis, and even when it has moved in a direction
perpendicular to the axis. Because the contact area between the outer peripheral
surface of the inner gear 74 and the inner peripheral surface of the second housing 40,
which, in this way, make linear contact, is small, the transmission to the second
housing 40 of the vibration from the inner gear 74 during operation will be reduced.
The vibration of the second housing 40 that is produced through transmission from the
first planetary gear mechanism 70 is suppressed thereby, thus making it possible to
suppress the noise that is produced from the planetary gear device 20 accompanying
vibration caused by the first planetary gear mechanism 70.

Note that the "linear contact” described in the present specification is a state of
contact wherein the contacting part forms a line, and does not indicate only a state of
contact that would be illustrated by a single point or a plurality of points that are the
contact points in each individual cross-section, but rather, as depicted in FIG. 14, a
state of contact in a form wherein the width W is considered to be adequately small,
when compared to the length L in the contact region 90 is included. Moreover, the
"linear contact" used in the present specification further includes a state of contact
wherein the contact is discontinuous (contacting sporadically) so that the width W in
the contact region 90 will form a line when an imaginary line is drawn along the axial
direction. Moreover, the "linear contact” used in the present specification further

includes a state of contact wherein the width W in the contact region 90 forms a line
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that describes an angled line, rather than being in the axial direction. Moreover, the
"linear contact" used in the present specification further includes a state of contact
wherein the contact is discontinuous (contacting sporadically) so that the width W in
the contact region 90 will form a line when an imaginary line is drawn as an angled
line, rather than along the axial direction. While in the embodiment described above
the explanation described a form wherein the first raised portions and the second raised
portions made linear contact, the present invention is not limited thereto, but rather the
method of contact may be selected as appropriate depending on the form, and may be a
form wherein there is point contact or a form wherein there is facial contact between
the first raised portions and the second raised portions.

Moreover, in the present embodiment a hemispherical protrusion 74b is formed on
the end face of the inner gear 74 in the +X direction side, where the protrusion 74b
contacts the stepped surface 46a of the second housing 40 (FIG. 5 and 6). The form of
contact between the protrusion 74b and the stepped surface 46a can be kept to a
contact in a limited range, that is, a point contact. This can reduce the transmission, to
the second housing 40, of vibration from the inner gear 74 that is in operation.

Moreover, as depicted in FIG. 11, having the cross-section of the movement
limiting raised portion 75, sectioned by a plane that is perpendicular to the axis, be a
triangle, to structure with the apex 75b, which is narrow at the tip, facing outward,
allows the inner gear 74 to be removed easily from the mold during injection molding.
This can improve the yield.

Moreover, as depicted in FIG. 15, the movement limiting raised portions 75 are
formed with straight slanted edge portions 75a on both sides in a cross-section that is
sectioned by a plane that is perpendicular to the axial direction. Moreover, FIG. 15 il-
lustrates, as a reference example for a movement limiting raised portion 75, a
movement limiting raised portion 100 of a shape wherein both sides are bulged, il-
lustrated by the double dotted lines. Comparing the two, the cross-sectional area of the
movement limiting raised portion 75 is smaller than the cross-sectional area of the
movement limiting raised portion 100 by an amount commensurate with the area of the
region indicated by the hatching. Given this, the present embodiment is able to reduce
the load on the motor 10, and also reduce the manufacturing cost, by reducing the
weight of the inner gear 74. Furthermore, because the of the reduction in weight of the
inner gear 74 that will operate, the present invention can reduce (suppress) the impact
when the inner gear 74 contacts the second housing 40, thus making it possible to
reduce (suppress) the vibration of the second housing as well.

Moreover, the inner gear 74 is formed from a synthetic resin of a hardness that is
less than that of the synthetic resin for forming the second housing 40. From the per-

spectives of mechanical strength, wear resistance, thermal durability, and the like,
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preferably the synthetic resin for forming the inner gear 74 and the second housing 40
uses an engineering plastic or a super engineering plastic. These synthetic resins may
be, for example, ultrapolymer polyethylene (UHPE), polyphenylene sulfide (PPS), pol-
yarylate (PAR), polyacetal (POM), polyamide (PA), polycarbonate (PC), polybutylene
terephthalate (PBT), polyether sulfone (PES), polyether ether ketone (PEEK), or the
like.

The synthetic resin for forming the inner gear 74 and the second housing 40 may be
identical materials or may be different materials. They may be selected as appropriate
in a range that produces the effects of the present invention.

Among the synthetic resins described above, the synthetic resin that is relatively
soft, suitable for forming the inner gear 74, preferably uses, for example, an ul-
trapolymer polyethylene (UHPE), polyphenylene sulfide (PPS), polyarylate (PAR),
polyacetal (POM), or polyamide (PA). Moreover, preferably the relatively hard
synthetic resin that is suitable for forming the second housing 40 uses, for example,
polycarbonate (PC), polybutylene terephthalate (PBT), polyether sulfone (PES)
polyphenylene sulfide (PPS), polyether ether ketone (PEEK), polyacetal (POM), or
polyamide (PA). Moreover, when synthetic resin materials having identical main
components are used for the synthetic resin materials for forming the inner gear 74 and
the second housing 40, preferably the synthetic resin for forming the second housing
40 will be harder, through changing, for example, the density of the synthetic resin.

By forming the inner gear 74 from a synthetic resin of a hardness that is less than
that of the second housing 40, in this way, the impact when the inner gear 74 contacts
the second housing 40 can be ameliorated, making it possible to reduce (suppress) the
vibration produced in the second housing 40. Through this, the present invention is
able to reduce (suppress) the noise caused by vibration of the second housing 40,
enabling also a further reduction (suppression) in the noise when the inner gear 74
collides with the second housing 40. It is thus possible to suppress the noise produced
from the planetary gear device 20 accompanying vibration caused by the first planetary
gear mechanism 70.

Moreover, in the present embodiment the structure wherein the housing and the
inner gear are separated is applied to only the first planetary gear mechanism that
rotates at a high speed, and is not applied to the second stage planetary gear
mechanism that rotates at a low speed. That is, in the present embodiment the structure
wherein the inner gear is caused to float is used in the mechanism that rotates at a high
speed, and which tends to produce large vibration and noise, where a housing structure
wherein inner teeth are formed is used in the mechanism that rotates at a low speed,
wherein the vibration and noise tends to be relatively less. Through this, the present

embodiment not only suppresses the vibration and noise of the planetary gear device
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caused by the planetary gear mechanism, but also can prevent an increase in the
number of components, beyond that which is necessary, in the planetary gear device,
and prevent an increase in the assembly operations and assembly cost. Thus it is able to
achieve a reduction in manufacturing cost of the planetary gear device. In this way,
two mechanisms having different structures may be employed, as appropriate,
depending on the form of rotation of the planetary gear mechanism, where the two

mechanisms may be used in parallel.
Other embodiments according to the present invention will be explained next.

However, because many of these structures are the same as those in the first em-
bodiment, the explanations below will center on those structures that are different,
where identical structures are assigned identical reference symbols, and detailed ex-
planations thereof will be omitted.

Example 2

In the second embodiment the directions of extension of the pairs of stoppers are
formed on the second housing and the movement limiting raised portions that are
formed on the inner gear are different from those in the first embodiment. Note that the
other structures are identical to the structures in the first embodiment.

As depicted in FIG. 16, six movement limiting raised portions 275, which extend
diagonally in respect to the X axial direction, are formed with equal spacing on the
outer peripheral surface of the inner gear 274. The angles with which the six
movement limiting raised portions 275 are inclined, in respect to the X axial direction,
are all identical. The cross-section of the movement limiting raised portion 275, when
sectioned by a plane that is perpendicular to the direction of extension thereof (the
direction that is inclined in respect to the X axial direction) is the same shape as the
cross-section wherein the movement limiting raised portion 75 of the first embodiment
(FIG. 7) was sectioned by a plane that is perpendicular to the direction of extension
thereof (the X axial direction). That is, the movement limiting raised portion 275 has a
triangular cross-section, as depicted in FIG. 11.

The movement limiting raised portions 275 that are formed on the inner gear 274
are inserted between pairs of stoppers 245 that are formed at a first position 241 of a
second housing 240 that is depicted in FIG. 17. The direction in which the pairs of
stoppers 245 extend is the same as the direction of extension of the movement limiting
raised portions 275 of the inner gear 274 that is contained in the second housing 240, a
direction that is inclined in respect to the X axial direction. The cross-section of the
pair of stoppers 245, when sectioned by a plane that is perpendicular to the direction of
extension thereof (the direction that is inclined in respect to the X axial direction) is the

same shape as the cross-section wherein the pair of stoppers 45 of the first embodiment
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(FIG. 6) was sectioned by a plane that is perpendicular to the direction of extension
thereof (the X axial direction). That is, the pairs of stoppers 245 have cross sections of

chevron shapes, as depicted in FIG. 10.
In this way, the cross-sectional shapes of the movement limiting raised portions 275

and the cross-sectional shapes of the stoppers 245 are the same shapes as in the first
embodiment, thus causing the form of contact between the two to be linear contact.
Moreover, the contact between the movement limiting raised portions 275 and the
pairs of stoppers 245 will be linear contact along a direction that is inclined in respect
to the X axial direction. In this way, the area of contact between the movement limiting
raised portions 275 and the pairs of stoppers 245, which contact with linear contact,
reducing the transmission of vibration from the inner gear 274, during operation, to the
second housing 240. This suppresses the vibration of the second housing 240, which
can suppress the noise that is produced from the planetary gear device.

Moreover, there is no particular limitation on the angle of the incline of the
movement limiting raised portions 275 and the pairs of stoppers 245, in respect to the
X axial direction, which may be inclined to the same angle as the angle of the teeth in
the case of the inner gear being a helical gear, for example, or may be inclined at an
angle that is opposite of the angle of the teeth, or may be inclined to some different
angle. The angle of inclination of the movement limiting raised portions 275 and of the
pairs of stoppers 245 being the same as the angle of the helical gear of the inner gear
can reduce the thrusting force that is produced within the planetary gear device.
Example 3

A third embodiment will be explained next in reference to FIG. 18 and FIG. 19. In
the third embodiment, the number of pairs of stoppers formed on the second housing
and the number of movement limiting raised portions formed on the inner gear is set to
3, reduced by half from the first embodiment wherein six of each were formed.

As depicted in FIG. 18, three movement limiting raised portions 375 that extend in
the X axial direction are formed, with equal spacing, on the outer peripheral surface of
the inner gear 374. The cross sections of the movement limiting raised portions 375 are
the same shapes as the cross sections of the movement limiting raised portions 75 in
the first embodiment, having triangular cross-sectional shapes, as depicted in FIG. 11.
Three arc portions 376 that structure the outer peripheral surface of the inner gear 374
are formed between the movement limiting raised portions 375. On the insides of each
of these three arc portions 376 are formed bow-shaped openings 376a that pass through
the inner gear 374 in the X axial direction. These three arc portions 376 function as
contacting portions for contacting the inner wall 344a of the second housing 340.

As depicted in FIG. 19, three pairs of stoppers 345 are also formed with equal
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spacing on the inner wall 344a of the second housing 340, inserted between the
movement limiting raised portions 375. The cross sections of the pairs of stoppers 345
are the same shapes as the cross sections of the pairs of stoppers 45 in the first em-
bodiment, having chevron cross-sectional shapes, as depicted in FIG. 10. Note that
when the inner gear 374 moves within the second housing 340, the movement limiting
raised portions 375 and the pairs of stoppers 345 make linear contact, limiting the
movement of the inner gear 374, where, additionally, the movement of the inner gear
374 is limited through the arc portions 376 of the inner gear 374 contacting the inner
wall 344a of the second housing 340. The arc portions 376 and the inner wall 344a
make facial contact. However, the formation of the openings 376a forms parts wherein
vibrations do not propagate within the inner gear 374, and also reduce the rigidity of
the arc portion 376. This makes it possible to reduce the propagation of vibration
through the arc portions 376 to the second housing 340. This makes it possible to
suppress the noise that is produced from the planetary gear device, through suppressing
the transmission of vibration to the second housing 340, even when the inner gear 374
is in contact with the second housing 340 through the movement limiting raised
portions 375, and even when it is in contact with the second housing 340 through the
arc portions 376. Note that protrusions may be provided protruding on the outside of
the arc portions 376, to contact the inner wall 344a of the second housing 340 through
the protrusions. This makes it possible to limit, into a narrow range, the range of
contact between the arc portions 376 and the second housing 340.
Example 4

A fourth embodiment will be explained next in reference to FIG. 20 and FIG. 21.
As depicted in FIG. 20, three movement limiting raised portions 475 that extend in the
X axial direction are formed, with equal spacing, on the outer peripheral surface of the
inner gear 474. The movement limiting raised portion 475 has a triangular cross-
section that has an apex 475b and slanted edge portions 475a formed on both sides of
the apex 475b. Three arc portions 476 that structure the outer peripheral surface of the
inner gear 474 are formed between the movement limiting raised portions 475. These
three arc portions 476 are formed in a state further pulled in toward the axis side (the
inside) than with the arc portions 376 of the third embodiment, depicted in FIG. 19.

As depicted in FIG. 21, three pairs of stoppers 445 are also formed with equal
spacing on the inner wall 444a of the second housing 440, inserted between the
movement limiting raised portions 475. The cross sections of the pairs of stoppers 445
are the same shapes as the cross sections of the pairs of stoppers 45 in the first em-
bodiment, having chevron cross-sectional shapes, as depicted in FIG. 10. Note that

when the inner gear 474 moves within the second housing 440, the movement limiting
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raised portions 475 and the pairs of stoppers 445 make linear contact, limiting the
movement of the inner gear 474. On the other hand, the arc portions 476 are formed in
a state that is pulled in toward the axis side (inside), as described above, and thus do
not make contact with the inner wall 444a of the second housing 440. In this way, the
number of locations wherein there is contact between the movement limiting raised
portions 475 and the pairs of stoppers 445 is reduced to 3 locations, and linear contact
is made between the two, making it possible to reduce the area of contact when
compared to the forms described above, reducing the transmission of vibration from
the inner gear 474 that is operating to the second housing 440. This suppresses the
vibration of the second housing 440, which can suppress the noise that is produced
from the planetary gear device.

Example 5

A fifth embodiment will be explained next in reference to FIG. 22 through FIG. 24.
As depicted in FIG. 22, three movement limiting raised portions 575 that extend in the
X axial direction are formed, with equal spacing, on the outer peripheral surface of the
inner gear 574. The movement limiting raised portion 575 has a chevron shape that
bulges outward. Three arc portions 576 that structure the outer peripheral surface of the
inner gear 574 are formed between the movement limiting raised portions 575. These
three arc portions 576 are formed in a state pulled in toward the axis side (the inside) in
the same way as with the arc portions 476 of the fourth embodiment, depicted in FIG.
21.

As depicted in FIG. 23, three pairs of stoppers 545 are also formed with equal
spacing on the inner wall 544a of the second housing 540, inserted between the
movement limiting raised portions 575. The cross sections of the pairs of stoppers 545
are the same shapes as the cross sections of the pairs of stoppers 45 in the first em-
bodiment, having chevron cross-sectional shapes, as depicted in FIG. 10. Note that
when the inner gear 574 moves within the second housing 540, the movement limiting
raised portions 575 and the pairs of stoppers 545 make contact, limiting the movement
of the inner gear 574.

Here the contact between each of the movement limiting raised portions 575 that
have the chevron cross-sectional shapes and the pairs of stoppers for 545 will be
explained in reference to FIG. 24. In FIG. 24, the inner gear 574, when the actuator is
not operating, is indicated by the solid line. Moreover, the inner gear 574, depicted by
the double dotted line, is in the state wherein it has moved upward, through the
operation of the actuator, to contact the second housing 540. The contact between the
pair of stoppers 545 and the movement limiting raised portions 575 is contact between

convex curved surfaces, so will be linear contact at the contact points P6 and P7
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between the pairs of stoppers 545 and the movement limiting raised portions 575. On
the other hand, the arc portions 576 are formed in a state that is pulled in toward the
axis side (inside), as described above, and thus do not make contact with the inner wall
544a of the second housing 540. In this way, the area of contact between the
movement limiting raised portions 575 and the pairs of stoppers 545, which contact
with linear contact, reducing the transmission of vibration from the inner gear 574,
during operation, to the second housing 540. This suppresses the vibration of the
second housing 540, which can suppress the noise that is produced from the planetary
gear device.

Example 6

A sixth embodiment will be explained next in reference to FIG. 25 through FIG. 27.
As depicted in FIG. 25, a plurality of movement limiting raised portions 675,
structured from external teeth that are cut along the X axial direction is formed with
equal spacing on the outer peripheral surface of the inner gear 674. The movement
limiting raised portions 675 have a cross-sectional shape that is essentially trapezoidal.

As depicted in FIG. 26, a plurality of stoppers 645 that are inserted between the
movement limiting raised portions 675 (FIG. 25) are structured from inner teeth that
are cut along the X axial direction on the inner wall 644a of the second housing 640.
The stoppers 645 have a cross-sectional shape that is essentially trapezoidal. Note that,
as depicted in FIG. 27, the inner gear 674 is contained within the second housing 640,
and when the inner gear 674 moves from this state, the plurality of movement limiting
raised portions 675 contact the plurality of stoppers 645. The movement of the inner
gear 674 is limited thereby. Note that the movement limiting raised portions 675 and
stoppers 645 are formed in more locations when compared to the forms described
above. Because of this, while the movement limiting raised portions 675 and the
stoppers 645 make contact in many locations, each individual contact location is
limited to a narrow range. Because of this, the propagation to the second housing 640
of the vibrations from the inner gear 674 during operation is reduced. This suppresses
the vibration of the second housing 640, which can suppress the noise that is produced
from the planetary gear device.

Moreover, the outer teeth that are formed on the outer peripheral surface of the
inner gear 674 are not limited to outer teeth that are cut along the X axial direction, but
rather may be outer teeth that are cut along a direction that is inclined in respect to the
X axial direction. The inner teeth that are formed on the inner wall 644a of the second
housing 640 are not limited to inner teeth that are cut along the X axial direction, but
rather may be inner teeth that are cut along a direction that is inclined in respect to the

X axial direction.
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If the outer teeth that are formed on the outer peripheral surface of the inner gear
674 and the inner teeth that are formed on the inner wall 644a of the second housing
640 are cut along a direction that is inclined in respect to the X axial direction, there is
no particular limitation on the angle thereof, and, for example, if the inner gear is a
helical gear, the incline may be at an angle that is the same as the angle of the teeth, or
may be an incline at an angle that is opposite of the angle of the teeth, or may be

inclined at some different angle.
If the angle of the outer teeth that are formed on the outer peripheral surface of the

inner gear 674 and of the inner teeth that are formed on the inner wall 644a of the
second housing 640 is the same as the angle of the helical gear of the inner gear, this
can reduce the amount of thrust produced within the planetary gear device.
Example 7

A seventh embodiment will be explained next in reference to FIG. 28 through FIG.
30. In the seventh embodiment, the locations wherein the pairs of stoppers and the
movement limiting raised portions are provided are switched, where the movement
limiting raised portions are provided on the inner peripheral surface of the second
housing and the pairs of stoppers are provided on the outer peripheral surface of the
inner gear.

As depicted in FIG. 28, six stoppers 745 that extend in the X axial direction are
formed, with equal spacing, on the outer peripheral surface of the inner gear 774. The
cross sections of the pairs of stoppers 745 are the same shapes as the cross sections of
the pairs of stoppers 45 in the first embodiment, having chevron cross-sectional shapes,
as depicted in FIG. 10. Movement limiting raised portions 775, formed on the second
housing 740, depicted in FIG. 29, are inserted between the pairs of stoppers 745.

As depicted in FIG. 29, six movement limiting raised portions 775 that extend in the
X axial direction are formed, with equal spacing, on the second housing 740. The cross
sections of the movement limiting raised portions 775 are the same shapes as the cross
sections of the movement limiting raised portions 75 in the first embodiment, having
triangular cross-sectional shapes, as depicted in FIG. 11. Note that, as depicted in FIG.
30, the inner gear 774 is contained within the second housing 740, and when the inner
gear 774 moves from this state, the plurality of movement limiting raised portions 775
contact the pairs of stoppers 745, constraining the movement of the inner gear 774. At
this time, the contact between the movement limiting raised portions 775 and the pairs
of stoppers 745 can be linear contact, the same as the form of contact in the first em-
bodiment. Because of this, the propagation to the second housing 740 of the vibrations
from the inner gear 774 during operation is reduced. This suppresses the vibration of

the second housing 740, which can suppress the noise that is produced from the
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planetary gear device.
Example 8

An eighth embodiment will be explained next in reference to FIG. 31 through FIG.
33. In the eighth embodiment, the spacing with which the pairs of stoppers and the
movement limiting raised portions are laid out is with unequal spacing rather than with
equal spacing.

As depicted in FIG. 31, three movement limiting raised portions 875 that extend in
the X axial direction are formed on the outer peripheral surface of the inner gear §74.
The movement limiting raised portions 875 are arranged with unequal spacing. The
cross sections of the movement limiting raised portions 875 are the same shapes as the
cross sections of the movement limiting raised portions 75 in the first embodiment,
having triangular cross-sectional shapes, as depicted in FIG. 11.

As depicted in FIG. 32, three pairs of stoppers 845 are also formed with unequal
spacing on the inner wall 844a of the second housing 840, inserted between the
movement limiting raised portions 875. The cross sections of the pairs of stoppers 845
are the same shapes as the cross sections of the pairs of stoppers 45 in the first em-
bodiment, having chevron cross-sectional shapes, as depicted in FIG. 10. Note that, as
depicted in FIG. 33, the inner gear 874 is contained within the second housing 840, and
when the inner gear 874 moves from this state, the plurality of movement limiting
raised portions 875 contact the pairs of stoppers 845, constraining the movement of the
inner gear 874. At this time, the contact between the movement limiting raised portions
875 and the pairs of stoppers 845 can be linear contact, the same as the form of contact
in the first embodiment. Because of this, the propagation to the second housing 840 of
the vibrations from the inner gear 874 during operation is reduced. This suppresses the
vibration of the second housing 840, which can suppress the noise that is produced
from the planetary gear device.

Note that the arc portions 376 depicted in FIG. 18 may be formed at locations
wherein there are spaces through the arrangement, with unequal spacing, of the
movement limiting raised portions 875 and the pairs of stoppers 845. This makes it
possible to limit the movement of the inner gear 874 while suppressing transmission of
vibration from the inner gear 874.

Example 9

A ninth embodiment will be explained next in reference to FIG. 34 through FIG. 36.
In the ninth embodiment, the stoppers that contact the movement limited raised
portions are laid out with a one-to-one relationship with the movement limited raised
portions, rather than being laid out in pairs.

As depicted in FIG. 34, six movement limiting raised portions 975 that extend in the
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X axial direction are formed, with equal spacing, on the outer peripheral surface of the
inner gear 974. The cross sections of the movement limiting raised portions 975 are the
same shapes as the cross sections of the movement limiting raised portions 75 in the
first embodiment, having triangular cross-sectional shapes, as depicted in FIG. 11.

As depicted in FIG. 35, three first stoppers 945a are formed with equal spacing, and
three second stoppers 945b are formed with equal spacing, on the inner wall 344a of
the second housing 340. The positions wherein the first stoppers 945a are arranged and
the positions wherein the second stoppers 945b are arranged are shifted from each
other in the circumferential direction. The cross sections of the first stoppers 945a and
the cross sections of the second stoppers 945b are the same shapes as the cross sections
of the pairs of stoppers 45 in the first embodiment, having chevron cross-sectional
shapes, as depicted in FIG. 10.

Note that, as depicted in FIG. 36, when the inner gear 974 is contained within the
second housing 940, the first stopper 945a is disposed on one of the two sides of the
nearest movement limiting raised portion 975. On the other hand, a second stoppers
945b is disposed on the other of the two sides of the nearest movement limiting raised
portion 975. Here, explaining an example of a movement limiting raised portion 975
that protrudes upward in FIG. 36, the "one side" is the left side of the movement
limiting raised portion 975 in the figure, the side wherein the first stopper 945a is
disposed. Moreover, the "other side" is the right side in the figure of the movement
limiting raised portion 975 that protrudes upward.

When the inner gear 974 rotates in the counterclockwise direction in the figure (the
second direction) from the state depicted in FIG. 36, the movement limiting raised
portion 975 makes contact with the first stopper 945a, limiting the rotation of the inner
gear 974. Additionally, when the inner gear 974 rotates in the clockwise direction in
the figure (the first direction), the movement limiting raised portion 975 makes contact
with the second stopper 945b, limiting the rotation of the inner gear 974. Moreover,
when the inner gear 974 moves in the radial direction, the movement limiting raised
portion 975 makes contact with the first stopper 945a and the second stopper 945b,
limiting the movement of the inner gear 974. The contact of limiting raised portion 975
with the first stopper 945a and the second stopper 945b in this way can be linear
contact, the same as the form of contact in the first embodiment. Because of this, the
propagation to the second housing 940 of the vibrations from the inner gear 974 during
operation is reduced. This suppresses the vibration of the second housing 940, which
can suppress the noise that is produced from the planetary gear device.

Modified Examples
The present invention is not limited to the embodiments described above, but rather

a variety of modifications and applications are possible. While in the embodiments set
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forth above, the cross sections of the pairs of stoppers 45 were chevron shapes and the
cross sections of the movement limiting raised portions 75 were triangular, instead the
cross-sectional shapes may be switched, with the cross sections of the pairs of stoppers
being triangular and the cross sections of the movement limited raised portions that are
inserted between the stoppers being chevron shapes.

Moreover, there is no particular limitation on the number of locations wherein the
pairs of stoppers 45 and the corresponding movement limiting raised portions 75 are
disposed, where it may be a larger number of locations than the six locations given in
the embodiments described above, or a smaller number of locations. When the number
of locations is small, arc portions 376, depicted in FIG. 18, may be provided so as to
complement the functioning thereof. This makes it possible to stabilize the orientation
of the inner gear during operation, making it possible to suppress the noise that is
produced from the planetary gear device.

Moreover, there is no limitation thereto, where the linear contact may be achieved
through the second housing 40 having locally concave parts with large curvature, the
inner gear 74 having convex curved surfaces with less curvature, where the concave
curved surfaces with high curvature contact the convex curved surfaces that are
bulging. The actual structure for achieving linear contact is arbitrary.

Note that in another example for achieving the linear contact described above, the
configuration of the inner gear in the location that makes linear contact may be
swapped with the configuration of the second housing.

Moreover, while the actuator 1 was provided with a two-stage planetary gear
mechanism of a first planetary gear mechanism 70 and a second planetary gear
mechanism 80, as the reduction mechanism for reducing the rotation of the motor 10,
the number of stages can be set arbitrarily. For example, the reduction ratio may be
increased through providing three or more stages of planetary gear mechanisms, or the
structure may include only a single-stage planetary gear mechanism.

Moreover, in the embodiments set forth above, a configuration was used wherein
the structure wherein the housing and the inner gear were separate was applied only to
the first planetary gear mechanism 70, which is the first-stage mechanism that rotates
at a high speed, and a housing that was formed with inner teeth on the inner peripheral
surface thereof was used in the second planetary gear mechanism 80, which is the
second-stage mechanism that rotates at a low speed. However, a structure wherein the
housing and the inner gear are separated may be used also in the second planetary gear
mechanism 80 that is the second-stage mechanism, to achieve a reduction in vibration
and noise.

Moreover, while in the embodiments set forth above the explanation was for a case

wherein a reduction gear was used for reducing the rotation of the motor 10 and
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outputting it from an output gear 86a, there is no limitation to this application. For
example, the part that is provided with the output shaft 86, depicted in FIG. 8, may be
used as the input side and connected to the rotary shaft of a motor, and the part that is
provided with the sun gear 71, depicted in FIG. 7, may be used as the output side, and
connected to the output shaft. This would increase and output the rotation of the motor,
to be used as an increasing the mechanism. In this case as well, preferably the structure
wherein the inner gear and the housing are separated is employed due to the higher-
speed operation of the first planetary gear mechanism 70 that is shown in FIG. 7.
Moreover, because the rotation of the motor is transmitted directly to the second
planetary gear mechanism 80 that is depicted in FIG. 8, preferably the structure
wherein the inner gear and the housing are separated is employed, as necessary.
Moreover, the present invention may also be applied to industrial equipment such as
robots and machine tools, and to playground equipment such as so-called "teacups.”

When using the present invention in various applications, the separate structural
units for the inner gear and the housing are applied to the planetary gear mechanism
that operates at the highest speed, when planetary gear mechanisms are provided in
three or more stages. This can reduce effectively the vibration and noise that is
produced. Moreover, because there is little vibration and noise produced by the
planetary gear mechanism that operates at the lowest speed, a structure is applied that
is equipped with a housing where inner teeth are formed on the inner peripheral
surface. This eliminates the need for the separate structures, more than necessary, for
the inner gear and the housing, making it possible to avoid increases in the number of
components and increases in the assembly operation and assembly costs, thus making
it possible to suppress production costs.

Moreover, while in the embodiments set forth above the explanation was for each of
the gears used for transmitting the power from the motor 10 to the output shaft 86
being helical gears, other gears may be used instead. Spur gears, for example, may be
used. While this tends to produce more play at the locations wherein the teeth mesh,
when compared to the case of using helical gears, the structure of the present invention
can be used even in such a case to reduce (suppress) vibration and noise of the
planetary gear device.

Moreover, while the explanations were for cases wherein they separate structural
units for the inner gear and the housing were used in a portion of the planetary gear
device, the application is not limited thereto, but may be used as a portion of another
gear mechanism.

In the embodiment set forth above the planetary gear mechanism of the planetary
gear device was achieved through three planetary gears; however, the present invention

is not limited thereto. In the present invention, the planetary gear device may be
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achieved through the use of a planetary gear mechanism that uses, for example, a

single planetary gear or a plurality, other than three, of planetary gears.
Moreover, the planetary gear device to which the present invention is applied may

be applied to a variety of machines and apparatuses that use reducing mechanisms or
increasing mechanisms, such as automobiles, robots, industrial equipment, playground
equipment, or the like.

Moreover, instead of a structure that limits the movement within the housing
through producing linear contact, along the axial direction, between the movement
limiting raised portions (first raised portions) and pairs of stoppers (second raised
portions) in the embodiments described above, the structure may be one wherein the
movement is limited within the housing through point contact between the movement
limiting raised portions (first raised portions) and the pairs of stoppers (second raised
portions). More specifically, the pairs of stoppers in FIG. 5 (second raised portions) 45
may be of a shape that is discontinuous in the axial direction (with a plurality of gaps),
and the movement limiting raised portions (first raised portions) 75 in FIG. 7 may be
of a shape that is discontinuous in the axial direction (with a plurality of gaps).

The present invention can have a variety of embodiments or modifications that do
not deviate from the scope of the spirit of the broad definition of the present invention.
Moreover, the embodiments set forth above are to explain this invention, and do not
limit the scope of the present invention. That is, the scope of the present invention is
defined by the claims, not the embodiments. Given this, various modifications that are
within the patent claims, or within the scope of the broad meaning of the inventions

that are equivalent thereto, are viewed as being within the scope of the invention.

Reference Signs List
1: Actuator
10: Motor
11: Motor Main Unit
12: Rotary Shaft
20: Planetary Gear Device
30: First Housing
30a: Opening
40: Second Housing
41: First Position
42: Second Position
43: Third Position
43a: Opening
44: Round Cylinder
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44a: Inner Wall

45: Stopper (Second Raised Portion)
45a: Standing Portion

45b: Connecting Portion

45c: Apex

46: Round Cylinder

47: Inner Tooth Portion

50: Housing

60: Planetary Gear Mechanism

70: First Planetary Gear Mechanism
71: Sun Gear

71a: Sun Tooth Portion

72: Planetary Gear

72a: Planetary Tooth Portion

73: Carrier

73a: Containing Opening

74: Inner Gear

74a: Inner Tooth Portion

74b: Outer Peripheral Surface

75: Movement Limiting Raised Portion (First Raised Portion)
75a: Slanted Edge Portion

75b: Apex

75¢c: Notched Portion

76: Pin

80: Second Planetary Gear Mechanism
81: Sun Gear

8la: Sun Tooth Portion

82: Planetary Gear

82a: Planetary Tooth Portion

83: Carrier

84: Gear Retaining Portion

84a: Containing Opening

85: Output Shaft Retaining Portion
85a: Fitting Hole

86: Output Shaft

86a: Output Gear

87: Pin

90: Contact Region
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140: Second Housing

141: Concave Part

174: Inner Gear

175: Movement Limiting Raised Portion (First Raised Portion)
240, 340, 440, 540, 640, 740, 840, 940: Second Housings

245, 345, 445, 545, 645, 745, 845: Stoppers

274,374, 474, 574, 674, 774, 874, 974: Inner Gears

275, 375, 475, 575, 675, 775, 875, 975: Movement Limiting Raised Portions
376: Arc Portion

376a: Opening

475a: Slanted Edge Portion

475b: Apex

476: Arc Portion

576: Arc Portion

945a: First Stopper

945b: Second Stopper
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Claims

An apparatus for suppressing noise produced in a planetary gear
device, comprising:
an inner gear having a first raised portion formed on an outer peripheral
surface of the inner gear, the first raised portion extending in the axial
direction from one side of the inner gear to another side of the inner
gear, wherein the first raised portion is formed in a first direction that is
inclined in respect to the axial direction; and
a housing having a second raised portion formed on an inner surface of
the housing that extends in a second direction that is inclined in respect
to the axial direction is, wherein the housing is configured to contain
the inner gear in an interior of the housing such that a gap is created
between the inner peripheral surface of the housing and the outer pe-
ripheral surface of the inner gear, and
wherein movement of the inner gear within the interior of the housing
is limited through linear contact between the first raised portion and the
second raised portion.
An apparatus for suppressing noise produced in a planetary gear device,
comprising:
an inner gear with a plurality of first raised portions and a contacting
portion that is located between adjacent first raised portions, wherein
both the plurality of first raised portions and the contacting portion are
formed on an outer peripheral surface of the inner gear; and
a housing with a second raised portion formed on an inner peripheral
surface of the housing, wherein the housing is configured to contain the
inner gear such that a gap is provided between the inner peripheral
surface of the housing and the outer peripheral surface of the inner
gear,
wherein movement of the inner gear within the housing is limited
through contact of the first raised portion and the second raised portion,
and movement within the housing is limited through contact of the
contacting portion and the inner peripheral surface of the housing, and
wherein an opening is formed on an inside of the contacting portion of

the inner gear and is oriented in an axial direction of the inner gear.

An apparatus for suppressing noise produced in a planetary gear

device, comprising:
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an inner gear with a plurality of first raised portions formed on an outer
peripheral surface of the inner gear, each of the plurality of first raised
portions extending in a direction; and

a housing with a plurality of second raised portions formed on an inner
peripheral surface of the housing, each of the plurality of second raised
portions extending in the direction, wherein the housing is configured
to contain the inner gear such that a gap is formed between the inner
peripheral surface and the outer peripheral surface,

wherein movement of the inner gear within the housing is limited by
linear contact of the first raised portion with the corresponding second
raised portion; and

wherein the plurality of first raised portions and the plurality of second
raised portions are substantially equally spaced around the inner gear

and the housing, respectively.

An apparatus for suppressing noise produced in a planetary gear
device, comprising:
an inner gear with a plurality of first raised portions formed on an outer
peripheral surface of the inner gear that extend in a direction; and
a housing with a plurality of second raised portions formed on an inner
peripheral surface of the housing, the second raised portions extending
in the direction, wherein the housing is configured to contain the inner
gear such that a gap is provided between the inner peripheral surface
and the outer peripheral surface,
wherein the movement of the inner gear within the housing is limited
through linear contact of the first raised portion with the corresponding
second raised portion, and
wherein the plurality of first raised portions and the plurality of second
raised portions are unequally spaced around the inner gear and the

housing, respectively.

The apparatus of any one of claims 1 through 4, wherein one of the
first raised portion and the second raised portion is formed in a pair
with a space therebetween, and the other raised portion is disposed so
as to be inserted between the one raised portion that is formed in a pair,
and
wherein a surface on one of the first raised portion and the second

raised portion that contacts a surface on the other raised portion is a
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curved surface.

The apparatus of claim 5, wherein the second raised portion is formed
in a pair with the space therebetween and the first raised portion is
disposed so as to be inserted between the second raised portion, and
wherein the first raised portion has a cross-section that is triangular
when sectioned by a plane that is perpendicular to the axial direction,
and contacts the second raised portion at an inclined surface that is

formed in a plane.

The apparatus of claim 5, wherein the first raised portion is formed in
a pair with the space therebetween,
wherein the second raised portion is disposed so as to be inserted
between the first raised portion, and
wherein the second raised portion has a cross-section that is triangular
when sectioned by a plane that is perpendicular to the axial direction,
and contacts the first raised portion at an inclined surface that is formed

in a plane.

The apparatus of any one of claims 1 through 4, wherein at a location
of contact between the first raised portion and the second raised
portion, a surface of one of the first raised portion and the second raised
portion is a convex curved surface and a surface of the other of the first

raised portion and the second raised portion is a plane.

The apparatus in any one of claims 1 through 4, wherein at a location
of contact between the first raised portion and the second raised portion
a surface of the first raised portion and a surface of the second raised

portion are convex curved surfaces.

The apparatus in any one of claims 1 through 4, wherein at a location
of contact between the first raised portion and the second raised
portion, a surface of one of the first raised portion and the second raised
portion is a convex curved surface and a surface of the other of the first

raised portion and the second raised portion is concave curved surface.

The apparatus in any one of claims 1 through 4, wherein the first
raised portion comprises an outer tooth that is cut along the axial

direction or an outer tooth that is cut along a direction that is inclined in
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respect to the axial direction, and
wherein the second raised portion comprises an inner tooth that is cut
along the axial direction or an inner tooth that is cut along a direction

that is inclined in respect to the axial direction.

The apparatus of claim 3 or 4, wherein a corresponding second raised
portion is provided for each of the plurality of first raised portions,
where of the plurality of second raised portions, a second raised portion
contacts the corresponding first raised portion when the inner gear is
rotated in a first direction, and a different second raised portion
contacts the corresponding first raised portion when the inner gear is

rotated in a second direction.

The apparatus of any one of claims 1 through 4, wherein, the inner
gear and the housing are made from a synthetic resin, and
wherein the inner gear is formed from a synthetic resin of a hardness

that is less than that of the synthetic resin for forming the housing.

A planetary gear device, comprising:
the apparatus for suppressing noise produced in a planetary gear device
of any one of claims 1 through 13;
at least one planetary gear that meshes with the inner gear;
a sun gear that meshes with the one or more planetary gears and is po-
sitioned at the center of the one or more planetary gears; and

a carrier that rotatably supports the one or more planetary gears.

The planetary gear device of claim 14, further comprising:
a second sun gear that rotates similarly to the rotation of the carrier ac-
companying rotation of the carrier;
one or more second planetary gears that are disposed on the periphery
of the second sun gear and that mesh with the second sun gear;
a second carrier that supports one or more second planetary gears
rotatably; and
a second housing whereon is formed, on the inner peripheral surface
thereof, inner teeth that mesh with the one or more second planetary
gears, wherein the housing and the second housing are formed in-

tegrally.
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A planetary gear device, comprising:
at least two stages of planetary gear mechanisms that each comprises:
a sun gear;
one or more planetary gears, arranged on the periphery of the sun gear,
for meshing with the sun gear; and
a carrier that supports the one or more planetary gears rotatably,
wherein of the at least two stages of planetary gear mechanisms, the
planetary gear mechanism that operates at a higher speed comprises the
apparatus for suppressing noise produced in a planetary gear device of
any of claims 1 through 13,
wherein the one or more planetary gears of the planetary gear
mechanism and the inner gear mesh, and
wherein of the at least two stages of the planetary gear mechanism, the
planetary gear mechanism that operates at a lower speed comprises a
second housing wherein inner teeth that mesh with the one or more
planetary gears of the planetary gear mechanism are formed on an inner

peripheral surface of the second housing.

An actuator, comprising:

a planetary gear device as set forth in any one of claims 14 through
16; and

a motor, connected to the planetary gear device, for driving the

planetary gear device.
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