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(57) A light reflection device comprises a reflection
member having a reflection surface that is formed in a
planar shape. The reflection surface reflects incident
light. The reflection member performs a revolution and a
rotation simultaneously. A direction of the revolution of
the reflection member and a direction of the rotation of
the reflection member are the same. Angular velocity of
the revolution of the reflection member is equal to twice
angular velocity of the rotation of the reflection member.
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Description

TECHNICAL FIELD

[0001] The present invention relates mainly to a light
reflection device that reflects incident light so as to deflect
it.

BACKGROUND ART

[0002] Conventionally, a technique for scanning light
from a light source along a straight scanning line has
been widely used in laser processing devices, image
forming devices, and the like. PTL 1 and 2 disclose a
device provided in this type of apparatus.
[0003] The mirror rotation device of PTL 1 is provided
with a light projection means and a light reflection means.
The light projection means is provided with a mirror ro-
tation device having a plurality of planar mirrors arranged
in a regular polygonal shape. By reflecting light incident
in a predetermined direction by one planar mirror in the
mirror rotation device which rotates, the planar mirror ro-
tation device radiates the light while moving angularly at
a constant angular velocity. The light reflection means
reflects the light emitted from the light projection means
by a plurality of reflectors and leads the light to an arbitrary
irradiated point on a predetermined scanning line.
[0004] The polygon mirror rotation device of PTL 2 has
a light projection means and a light reflection means. The
light projection means has a polygon mirror. Light inci-
dent in a predetermined direction is reflected by a reflec-
tion surface of each side of a regular polygon included
by the polygon mirror which rotates. Accordingly, the pol-
ygon mirror radiates the light while moving angularly at
a constant angular velocity. The light reflection means
reflects the light emitted from the light projection means
by a plurality of reflectors and leads the light to an arbitrary
irradiated point on a predetermined scanning line.
[0005] Regarding the mirror rotation device of PTL 1,
the light projection means has only a mirror rotation de-
vice. Accordingly, scanning distortion and the like occur
due to fluctuations in the reflection position of the light at
each planar mirror of the mirror rotation device as the
mirror rotation device rotates. Also, regarding the poly-
gon mirror rotation device of PTL 2, the light projection
means has only a polygon mirror rotation device. Accord-
ingly, scanning distortion and the like occur due to the
fact that the reflection position of the light at each side
reflection surface of the regular polygon included by the
polygon mirror fluctuates as the polygon mirror rotates.
[0006] Therefore, the mirror rotation device of PTL 1
is provided with a reciprocating motion mechanism that
sequentially reciprocates the planar mirror, and sup-
presses the fluctuation of the reflection position of the
light by reciprocating the planar mirror. In addition, the
polygon mirror rotation device of PTL 2 is provided with
a support member that rotatably supports the polygon
mirror and a reciprocating motion mechanism that recip-

rocates the support member. By reciprocating the poly-
gon mirror together with the support member, the reflec-
tion position of the light is suppressed from fluctuating.
[0007] Also known as the aforementioned apparatus
is an apparatus equipped with a mirror galvanometer
having a configuration in which a movable part including
a reflective mirror performs reciprocating oscillating mo-
tion. In this apparatus, the movable part of the mirror
galvanometer is oscillated while adjusting its oscillation
speed, thereby preventing the reflection position of light
from fluctuating.

PRIOR-ART DOCUMENTS

PATENT DOCUMENTS

[0008]

PTL 1: Japanese patent publication No.
2018-105903
PTL 2: Japanese patent publication No. 2018-97055

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] Although the mirror rotation device of PTL 1 and
the polygon mirror rotation device of PTL 2 described
above can suppress the fluctuation of the reflection po-
sition of the light, they cannot prevent it completely. In
addition, in the device with the mirror galvanometer, in
which the movable part of the mirror galvanometer has
to be accelerated and decelerated when oscillates, the
scanning area scanned by the device becomes narrower
and the processable range of the irradiated object to
which the light is irradiated decreases in order to prevent
the reflection position of the light from fluctuating.
[0010] The present invention has been made in view
of the circumstances described above, and an object of
the present invention is to prevent the reflection position
of light from fluctuating in a device for deflecting light
incident in a predetermined direction, without reducing
the processable range of an irradiated object to be irra-
diated by the light.

MEANS FOR SOLVING THE PROBLEMS

[0011] The problem to be solved by the present inven-
tion is as described above, and next, means for solving
the problem and effects thereof will be described.
[0012] A first aspect of the present invention provides
a light reflection device having the following configura-
tion. That is, the light reflection device comprises a re-
flection member having a reflection surface that is formed
in a planar shape for reflecting incident light. The reflec-
tion member performs a rotation and a revolution simul-
taneously. A direction of the rotation of the reflection
member and a direction of the revolution of the reflection
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member are the same. Angular velocity of the revolution
of the reflection member is equal to twice angular velocity
of the rotation of the reflection member.
[0013] A second aspect of the present invention pro-
vides an optical scanning device having the following
configuration. That is, the optical scanning device com-
prises a rotation mirror, a drive unit, and an irradiation
device. The drive unit rotates the rotation mirror. The ir-
radiation device irradiates light onto the rotation mirror.
The rotation mirror comprises a first regular polygon pyr-
amid and a second regular polygon pyramid. The second
regular polygon pyramid is arranged facing the first reg-
ular polygon pyramid with an axis coincident with the first
regular polygon pyramid. Side surfaces of each of the
first regular polygon pyramid and the second regular pol-
ygon pyramid are light reflection surfaces each of which
is formed in a planar shape. The number of sides of reg-
ular polygons is equal in a first base surface that the first
regular polygon pyramid has and a second base surface
that the second regular polygon pyramid has. The first
base surface and the second base surface are both ar-
ranged perpendicular to the axis. The first regular poly-
gon pyramid and the second regular polygon pyramid
are rotated integrally with each other around the axis as
a rotation axis by the drive unit while a phase of the reg-
ular polygon of the first base surface and a phase of the
regular polygon of the second base surface are matched
with each other. A base angle of the first regular polygon
pyramid is α° when the first regular polygon pyramid is
cut along a plane that includes the axis and a midpoint
of one of the sides of the regular polygon of the first base
surface. A base angle of the second regular polygon pyr-
amid is (90-α)° when the second regular polygon pyramid
is cut along a plane that includes the axis and a midpoint
of one of the sides of the regular polygon of the second
base surface. A distance between the first base surface
and the second base surface is equal to the sum of a
distance between the midpoint of one side of the regular
polygon of the first base surface and the rotation axis
multiplied by tan α and a distance between the midpoint
of one side of the regular polygon of the second base
surface and the rotation axis multiplied by tan(90-α). The
irradiation device irradiates the light toward a position so
that the light intersects the rotation axis of the rotation
mirror.
[0014] As a result, the reflection position of the light
relative to the incident light is constant in regards to the
reflection member, and thus the reflection position of the
light is prevented from fluctuating. Therefore, distortion
can be prevented when scanning is performed.

EFFECTS OF THE INVENTION

[0015] According to the present invention, in the light
reflection device that deflects light incident in a predeter-
mined direction, it is possible to prevent a reflection po-
sition of the light from fluctuating.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a diagonal view of a laser processing device
comprising a light guide device according to a first
embodiment of the present invention.
FIG. 2 is a schematic view of an example in which
the light guide device includes a single reflection unit.
FIG. 3 is a diagonal view of the reflection unit.
FIG. 4 is a cross-sectional view of the reflection unit.
FIG. 5 is a diagram illustrating a rotation 180° of the
reflection member while a revolution 360°.
FIG. 6 is a diagram illustrating the reflection of inci-
dent light by the reflection member.
FIG. 7 is a cross-sectional view of the reflection unit
cut along a plane perpendicular to a revolution axis
of the reflection member.
FIG. 8 is a diagram illustrating a relationship between
a position at which the incident light hits the reflection
member and angles of the revolution and the rota-
tion.
FIG. 9 is a cross-sectional view showing a first mod-
ification of the reflection unit.
FIG. 10 is a cross-sectional view showing a second
modification of the reflection unit.
FIG. 11 is a diagram showing a light guide device
according to a second embodiment when the first
reflection unit is in a reflecting state.
FIG. 12 is a diagram showing a situation where the
first reflection unit has changed to a passing state
and the second reflection unit has changed to a re-
flecting state, from the situation in FIG. 11.
FIG. 13 is a diagonal view of a rotation mirror ac-
cording to a third embodiment.

EMBODIMENT FOR CARRYING OUT THE INVENTION

[0017] Next, an embodiment of the present invention
will be described with reference to the drawings. Initially,
referring to FIG. 1, a configuration of a laser processing
device (optical scanning device) 1 comprising a light
guide device 13 according to a first embodiment of the
present invention will be described. FIG. 1 is a diagonal
view of the laser processing device 1.
[0018] The laser processing device 1 shown in FIG. 1
can process a workpiece 200 by irradiating a laser beam
onto the workpiece (object to be irradiated) 200 while
scanning the workpiece 200 by light.
[0019] In the present embodiment, the laser process-
ing device 1 can perform non-thermal processing. For
example, the non-thermal processing includes ablation
processing. The ablation processing is a processing in
which a part of the workpiece 200 is vaporized by irradi-
ating a laser beam to the part of the workpiece 200. The
laser processing device 1 may be configured to perform
thermal processing in which the workpiece 200 is melted
by the heat of the laser beam.
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[0020] The workpiece 200 is a plate-like member. The
workpiece 200 is made of, for example, CFRP (carbon
fiber reinforced plastic). The workpiece 200 is not limited
to a plate-like member, and may be, for example, a block-
like member. Also, the workpiece 200 may be made of
other materials.
[0021] The laser beam used in the laser processing
device 1 may be visible light or electromagnetic waves
in a wavelength band other than visible light. In this em-
bodiment, not only visible light but also various electro-
magnetic waves with a wider wavelength band than that
are included and referred to as "light".
[0022] As shown in FIG. 1, the laser processing device
1 includes a conveyance section 11, a laser generator
12, a light guide device 13.
[0023] The conveyance section 11 can move the work-
piece 200 in a direction (sub scanning direction) that is
substantially orthogonal to a main scanning direction of
the laser processing device 1. Laser processing is per-
formed while the workpiece 200 is moved by the convey-
ance section 11.
[0024] In this embodiment, the conveyance section 11
is a belt conveyor. The conveyance section 11 is not par-
ticularly limited. The conveyance section 11 may be a
roller conveyor, or may be a configuration in which the
workpiece 200 is grasped and conveyed. Also, the con-
veyance section 11 can be omitted and processing can
be performed by irradiating the laser beam to the work-
piece 200 which is fixed so as not to move.
[0025] The laser generator 12 is a light source of the
laser beam and can generate a pulsed laser with a short
time width by pulse oscillation. The time width of the
pulsed laser is not particularly limited. The time width is
a short time interval such as a nanosecond order, a pi-
cosecond order, or a femtosecond order, for example.
The laser generator 12 may be configured to generate a
CW laser by continuous wave oscillation.
[0026] The light guide device 13 guides the laser beam
generated by the laser generator 12 to irradiate the work-
piece 200. The laser beam guided by the light guide de-
vice 13 is irradiated to an irradiated point 202 on a scan-
ning line 201 defined on the surface of the workpiece
200. As will be described in detail below, the light guide
device 13 causes the irradiated point 202, to which the
workpiece 200 is irradiated by the laser beam, to move
at a substantially constant speed along the straight scan-
ning line 201. In this way, the light scanning is realized.
[0027] Next, referring to FIG. 2, the light guide device
13 will be described in detail. FIG. 2 is a schematic view
of the light guide device 13.
[0028] As shown in FIG. 2, the light guide device 13
includes at least one reflection unit (light reflection de-
vice) 20. In this embodiment, the light guide device 13
has one reflection unit 20. The reflection unit 20 is dis-
posed inside a housing 17 included by the light guide
device 13.
[0029] When the laser beam emitted from the laser
generator 12 enters into the reflection unit 20, the reflec-

tion unit 20 reflects the laser beam so as to guide the
laser beam to the workpiece 200. The laser beam incident
from the laser generator 12 to the reflection unit 20 is
hereinafter referred to as incident light. The reflection unit
20 is placed so as to be separated from the workpiece
200 by a predetermined distance.
[0030] The reflection unit 20 can scan optically by re-
flecting and deflecting the incident light. FIG. 1 and FIG.
2 show a scanning area 31, which is an area in which
the workpiece 200 is optically scanned by the reflection
unit 20. The scanning area 31 constitutes a scanning line
201. The scanning area 31 is scanned by the reflection
unit 20.
[0031] Next, referring to FIGS. 2 to 4, the reflection unit
20 will be described in detail. FIG. 3 is a diagonal view
of the reflection unit 20. FIG. 4 is a cross-sectional view
of the reflection unit 20.
[0032] As shown in FIG. 2, the reflection unit 20 in-
cludes a support plate (support member) 41, reflection
members 42, a motor 44, a prism 51, and a scanning
lens 53.
[0033] The support plate 41 is a disc-shaped member
and is rotatable with respect to a housing 63 described
below. A first rotation shaft 61 is rotatably supported by
the housing 63. The support plate 41 is fixed to an axial
end of the first rotation shaft 61. An output shaft of the
motor 44 is connected to the other end of the first rotation
shaft 61 in the axial direction.
[0034] As shown in FIG. 4, the reflection unit 20 in-
cludes a housing 63 in which the drive transmission
mechanism of the reflection unit 20 is housed. The hous-
ing 63 is fixed at a suitable location on the housing 17
shown in FIG. 2.
[0035] The housing 63 is formed in a hollow cylindrical
shape with one axial side open. The support plate 41 is
located so as to close the open side of the housing 63.
The first rotation shaft 61 is disposed so as to penetrate
the housing 63.
[0036] Each of the reflection members 42 is a member
formed in a block shape. The reflection member 42 is
rotatable with respect to the support plate 41. Second
rotation shafts 62 are rotatably supported by the support
plate 41. Each of the second rotation shafts 62 is directed
parallel to the first rotation shaft 61 and is arranged to
penetrate the support plate 41.
[0037] The reflection member 42 is supported by the
support plate 41 via a base portion 71 and the second
rotation shaft 62.
[0038] The base portion 71 is formed in a small disc
shape as shown in FIG. 3. The base portion 71 is fixed
to one end of the second rotation shaft 62 in the axial
direction as shown in FIG. 4. The other end of the second
rotation shaft 62 in the axial direction is located inside
the housing 63.
[0039] The above-described reflection member 42 is
fixed to the base portion 71. Accordingly, the reflection
member 42 can rotate together with the base portion 71
and the second rotation shaft 62.
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[0040] The reflection members 42 can orbit around the
first rotation shaft 61 together with the support plate 41
(revolution). At the same time, the reflection members
42 can rotate around the second rotation shaft 62 (rota-
tion). In the following, the axial center of the first rotation
shaft 61 may be referred to as a revolution axis, and the
axial center of each of the second rotation shafts 62 may
be referred to as a rotation axis. The drive mechanism
of the reflection members 42 will be described later.
[0041] In the present embodiment, three reflection
members 42 are provided. The three reflection members
42 are disposed on a surface in a side of the support
plate 41 that is far from the housing 63.
[0042] As shown in FIG. 2, the three reflection mem-
bers 42 are located in the support plate 41 so as to equally
divide a circle having the first rotation shaft 61 as a center.
Specifically, the three reflection members 42 are dis-
posed at equal intervals (120° intervals) in the circumfer-
ential direction of the support plate 41.
[0043] Each of the reflection members 42 reflects light
so as to guide it to the scanning area 31. As shown in
FIG. 4, the reflection member 42 has a first reflector 81
and a second reflector 82. The first reflector 81 and the
second reflector 82 are arranged in pairs across the sec-
ond rotation shaft 62 (rotation axis).
[0044] To explain concretely, the reflection member 42
is formed in a rectangular block shape. In this reflection
member 42, the first reflector 81 is disposed on one of
two opposing surfaces across the rotation axis, and the
second reflector 82 is disposed on the other surface. The
first reflector 81 and the second reflector 82 are formed
symmetrically with respect to each other.
[0045] As will be described in detail below, angular
speed of rotation of the support plate 41 is driven to be
equal to twice angular speed of rotation of the reflection
member 42. Accordingly, while the support plate 41 ro-
tates 360°, the reflection member 42 rotates 180°.
[0046] When viewing the reflection member 42 along
the rotation axis, the first reflector 81 and the second
reflector 82 are arranged to face opposite sides of each
other.
[0047] FIG. 5 depicts the revolution and the rotation of
the reflection member 42 when attention is focused on
only one of the three reflection members 42. To make
the orientation of the reflection member 42 easier to un-
derstand, in FIG. 5, an edge portion of the reflection mem-
ber 42 on the side close to the first reflector 81 is drawn
in a form with hatching. In FIG. 5, the direction of the
revolution and the direction of the rotation of the reflection
member 42 are both counterclockwise.
[0048] As shown in FIG. 5, the reflection member 42
rotates 180° in conjunction with the 360° rotation of the
support plate 41. Accordingly, every time the reflection
member 42 revolves 360°, it rotates 180° and the orien-
tation of the first reflector 81 and the second reflector 82
are swapped. Thus, for each 360° rotation of the support
plate 41, the surface on which the incident light is reflect-
ed is alternately switched between the first reflector 81

and the second reflector 82.
[0049] The first reflector 81 and the second reflector
82 each have a first reflection surface 85 and a second
reflection surface 86. The configurations of the first re-
flector 81 and the second reflector 82 are substantially
identical to each other. Therefore, the configuration of
the first reflector 81 will be described below as represent-
ative.
[0050] To explain concretely, a cross-sectional V-
shaped groove is formed in the reflection member 42 to
make the side far from the rotation axis open. The longi-
tudinal direction of the groove is directed perpendicular
to the rotation axis. The first reflection surface 85 and the
second reflection surface 86 are formed on the inner wall
of this groove. The first reflector 81 is made of the first
reflection surface 85 and the second reflection surface
86.
[0051] The first reflection surface 85 and the second
reflection surface 86 are both formed in a planar shape.
The first reflection surface 85 is disposed inclined with
respect to a virtual plane perpendicular to the second
rotation shaft 62. The second reflection surface 86 is dis-
posed inclined with respect to a virtual plane perpendic-
ular to the second rotation shaft 62.
[0052] As shown in FIG. 6, the first reflection surface
85 and the second reflection surface 86 are inclined with
respect to a virtual plane perpendicular to the second
rotation shaft 62 in opposite directions and at an angle θ
(specifically, 45°) equal to each other. Accordingly, the
first reflection surface 85 and the second reflection sur-
face 86 are symmetrical with respect to a symmetry plane
87 perpendicular to the second rotation shaft 62. The first
reflection surface 85 and the second reflection surface
86 are arranged to form a V-shape with an angle of 90°.
[0053] With this configuration, the incident light guided
into the light guide device 13 is bent by the prism 51 and
travels along a first light path L1 in a direction approach-
ing the reflection unit 20. The first light path L1 is orthog-
onal to the direction of the revolution axis of the reflection
member 42.
[0054] The three reflection members 42 are driven by
the motor 44 to perform the revolution and the rotation,
thereby moving across the first light path L1 in sequence.
Accordingly, the three reflection members 42 hit the in-
cident light along the first light path L1 in order and reflect
the light.
[0055] Around the timing when the reflection member
42 which revolves is closest to the upstream side of the
first light path L1, the first reflection surface 85 that be-
longs to the first reflector 81 or the second reflector 82
is positioned to overlap with the first light path L1 as
shown in FIG. 3. Accordingly, the incident light is reflected
by the first reflection surface 85, and then reflected by
the second reflection surface 86.
[0056] When the reflection member 42 performs the
revolution and the rotation with being hit by the incident
light as shown in FIG. 4, the directions of the first reflection
surface 85 and the second reflection surface 86 change
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continuously. Accordingly, the direction of the light emit-
ted from the second reflection surface 86 smoothly
changes as shown by the white arrow in FIG. 3. Thus, a
deflection of the emitted light is realized.
[0057] Since the first reflection surface 85 and the sec-
ond reflection surface 86 are arranged in a V-shape, as
the reflection member 42 performs the revolution and the
rotation, the emitted light from the reflection member 42
is deflected along a plane perpendicular to the rotation
axis. This plane is offset in the direction of the second
rotation shaft 62 (in other words, in the direction of the
first rotation shaft 61) with respect to the first light path
L1. This allows the light reflected by the second reflection
surface 86 to be directed to the workpiece 200 through
a second optical path L2, which is offset with respect to
the first light path L1.
[0058] The incident light enters into the reflection unit
20 in a direction perpendicular to the rotation axis and
the revolution axis. When a phase of the revolution of the
reflection member 42 is completely coincident with the
direction of the incident light, the first reflection surface
85 and the second reflection surface 86 are orthogonal
to the incident light when viewed along the second rota-
tion shaft 62. Accordingly, at this time, the incident light
is reflected twice by the reflection member 42 so as to
be folded back as shown in FIG. 3, and is emitted along
the second light path L2 which is parallel and opposite
to the direction of the first light path L1.
[0059] Thus, the incident light is deflected by being re-
flected by the first reflection surface 85 and the second
reflection surface 86. Here, as shown in FIG. 6, a mirror
image of the symmetry plane 87 about the first reflection
surface 85 and a mirror image of the symmetry plane 87
about the second reflection surface 86 are considered.
Both of the two mirror images equal to a plane 88 located
inside the reflection member 42. From the viewpoint of
light path length, the case where the incident light is re-
flected with offset by the first reflection surface 85 and
the second reflection surface 86 and the case where the
incident light is reflected without offset by the plane 88
are equivalent. In this sense, the virtual plane 88 de-
scribed above can be said to be an apparent reflection
surface.
[0060] The plane 88 will now be described from anoth-
er aspect. In the following, a light path from a point at
which the incident light is reflected by the first reflection
surface 85 to a point at which it is reflected by the second
reflection surface 86 is referred to as an intermediate
light path L3. The bisector point of the intermediate light
path L3 is located on the symmetry plane 87.
[0061] As shown by the dashed line in FIG. 6, consider
the case where the first light path L1 of the incident light
is extended from the first reflection surface 85 to plunge
into the inside of the reflection member 42. A point 77 at
the end of an extension line 76, which extends the first
light path L1 of the incident light by a length D1, which is
half the length of the intermediate light path L3, is located
on the plane 88.

[0062] Similarly, consider the case where the second
light path L2 of the incident light is extended from the
second reflection surface 86 to plunge into the inside of
the reflection member 42. A point 79 at the end of an
extension line 78, which extends the second light path
L2 of the incident light by the length D1, which is half the
length of the intermediate light path L3, is located on the
plane 88.
[0063] FIG. 6 shows a state in which the direction of
the second light path L2 is the center of the deflection
angle range. However, no matter in which direction the
incident light is deflected by the reflection member 42,
the ends of the extension lines 76, 78 are always located
in the plane 88.
[0064] This plane 88 is also the plane of reference in
which the first reflector 81 and the second reflector 82
are symmetrically arranged. Accordingly, although the
plane 88 is shown in FIG. 6 in relation to the first reflector
81, the plane 88 is common to both the first reflector 81
and the second reflector 82. And in the present embod-
iment, the rotation axis of the reflection member 42 (in
other words, the axial center of the second rotation shaft
62) is arranged to be included in this plane 88.
[0065] Accordingly, deflecting the incident light at the
first reflector 81 and the second reflector 82 of the reflec-
tion member 42 is substantially the same as deflecting
the incident light by reflection surfaces arranged on the
front and back sides of the zero-thickness plane 88 that
performs the rotation and the revolution integrally with
the reflection member 42. FIG. 2 illustrates the relation-
ship between the reflection member 42 which rotates and
revolves and the plane 88.
[0066] The prism 51 comprises a suitable optical ele-
ment. The prism 51 is disposed at an upstream side of
the first light path L1 than the reflection member 42. The
prism 51 allows the laser beam from the laser generator
12 to be guided to the reflection member 42.
[0067] The scanning lens 53 is a free-form surface
lens, for example, a known fθ lens can be used. The
scanning lens 53 is disposed between the reflection
member 42 and the scanning area 31. By this scanning
lens 53, a focal distance can be made constant in the
center and the peripheral portions of the scanning area.
[0068] The motor 44 generates a driving force for the
revolution and the rotation of the reflection member 42.
The driving force of the motor 44 is transmitted to a plan-
etary gear train through the output shaft of the motor 44,
thereby rotating the support plate 41 and the reflection
members 42. The motor 44 is an electric motor in this
embodiment, but is not limited thereto.
[0069] Next, referring to FIGS. 4 and 7, a drive mech-
anism for rotating the support plate 41 and the reflection
members 42 will be described. FIG. 7 is a cross-sectional
view of the reflection unit 20 cut along a plane perpen-
dicular to the revolution axis.
[0070] As shown in FIG. 4, the center of the support
plate 41 is fixed to an axial end of the first rotation shaft
61. The output shaft of the motor 44 is connected to the
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other end of the first rotation shaft 61 in the axial direction.
[0071] Second rotation shafts 62 are disposed at po-
sitions radially outside the center of the support plate 41.
Each of the second rotation shafts 62 is rotatably sup-
ported by the support plate 41. An axial end portion of
the second rotation shaft 62 is disposed outside the hous-
ing 63 and is fixed to the base portion 71. The other axial
end portion of the second rotation shaft 62 in the axial
direction is disposed inside the housing 63.
[0072] As shown in FIG. 7, a planetary gear 91 is fixed
to each of the second rotation shafts 62 inside the hous-
ing 63. The planetary gears 91 are coupled with a sun
gear 92 provided around the first rotation shaft 61 via
counter gears 93. The sun gear 92 is fixed to the housing
63. Each of the counter gear 93 is rotatably supported
by the support plate 41.
[0073] As a result, when the motor 44 is driven, the
driving force of the motor 44 is transmitted to the first
rotation shaft 61, causing the support plate 41 to rotate.
The rotation of the support plate 41 causes the shafts of
the counter gears 93 and the shafts of the planetary gears
91 (the second rotation shafts 62) to move around the
sun gear 92. At this time, the counter gears 93 meshing
with the sun gear 92 rotate, and the planetary gears 91
meshing with the counter gear 93 also rotate. According-
ly, the reflection members 42, which are fixed to the plan-
etary gears 91 via the second rotation shafts 62, perform
the revolution and the rotation simultaneously.
[0074] The sun gear 92 is fixed to the housing 63 and
the counter gears 93 are interposed between the plane-
tary gears 91 and the sun gear 92. Accordingly, a direc-
tion of rotation of the support plate 41, which is a planetary
carrier, and a direction of rotation of the second rotation
shafts 62 (the reflection members 42) are in the same
direction. In addition, the number of teeth of each of the
planetary gears 91 is twice the number of teeth of the
sun gear 92. As a result, the revolution angular velocity
of the reflection member 42 is equal to twice the rotation
angular velocity of the reflection member 42.
[0075] Next, with reference to FIG. 8, the relationship
between the revolution angular velocity and the rotation
angular velocity of the reflection members 42 will be de-
scribed in detail.
[0076] In FIG. 8, a trajectory of the second rotation
shaft 62 associated with the rotation of the support plate
41 is shown as a revolution circle 101. The center of the
revolution circle 101 is located at an intersection point
(origin O) of the X-axis and the Y-axis extending in a
direction perpendicular to each other. The origin O cor-
responds to the revolution axis of the reflection members
42. As described above, the deflection of the light at the
reflection member 42 can be considered to be substan-
tially the same as the deflection by reflecting the light at
the aforementioned plane 88. Accordingly, in FIG. 8, the
reflection member 42 is represented by a straight line
indicating the plane 88, which is an equivalent virtual re-
flection surface.
[0077] The rotation axis of the reflection member 42 is

located at an arbitrary point on the revolution circle 101.
Here, consider a state in which the rotation axis of the
reflection member 42 is at the position of a point P and
the orientation of the reflection surface of the reflection
member 42 is perpendicular to the X-axis. At this state,
light incident toward the origin O in the direction of the
X-axis is reflected by the reflection member 42 at the
point P. When viewed two-dimensionally as shown in
FIG. 8, the light path of the reflected light matches the
light path of the incident light.
[0078] Suppose that the position of the rotation axis of
the reflection member 42 changes by an angle θ and
moves from the point P to a point Q as the support plate
41 rotates. To ensure that the point at which the incident
light hits the reflection member 42 does not change from
the point P, even if the reflection member 42 revolves in
this manner, consider what the angle of the rotation of
the reflection member 42 must be in relation to the angle
of the revolution.
[0079] In order for the incident light to be reflected at
the point P even if the rotation axis of the reflection mem-
ber 42 is at the point Q, the orientation of the reflection
member 42 must match an orientation of the line drawn
from the point Q to the point P.
[0080] The midpoint of a straight line connecting the
point P and the point Q is defined as M. Also, consider
a straight line passing through the point Q and extending
parallel to the Y-axis, and the intersection point of this
line with the X-axis is defined as N.
[0081] Since the points P and Q are both on the cir-
cumference of the revolution circle 101, the triangle OPQ
is an isosceles triangle. Therefore, the angle OPM
formed by the line OP and the line PM is equal to the
angle OQM formed by the line OQ and the line QM. The
straight line OM and the straight line PQ are orthogonal.
Also, the straight line OP is orthogonal to the straight line
QN.
[0082] If we focus on the triangle OQM and the triangle
NQP, the two angles of the triangle are equal to each
other as described above. Therefore, triangle OQM and
triangle NQP are geometrically similar.
[0083] Therefore, the angle QOM, formed by the line
QO and the line OM, is equal to the angle PQN, formed
by the line PQ and the line QN. The angle QOP formed
by the straight line QO and the straight line OP is θ. There-
fore, the angle QOM is θ/2 and the angle PQN is also θ/2.
[0084] From this result, it can be seen that if the reflec-
tion member 42 performs the revolution and the rotation
simultaneously so that the revolution angular velocity is
twice the rotation angular velocity, the length of the optical
path can be kept constant because the reflection member
42 crosses the light path so that it always hits the incident
light at point P.
[0085] Thus, in the present embodiment, the incident
light is reflected and deflected by rotating the reflective
member 42 having the reflection surfaces 85, 86. The
reflection member 42 is rotatably driven at constant an-
gular velocity and does not perform a reciprocating mo-
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tion (acceleration/deceleration) like a mirror galvanome-
ter. Accordingly, it is possible to avoid narrowing the
scanning area 31 in which the movement speed of the
irradiated point 202 can be constant, and to suppress a
decrease in a processable range of the workpiece 200
by the light. Further, the combination of the revolution
and the rotation of the reflection members 42 can prevent
the fluctuations of the point at which the reflection mem-
ber 42 hits the incident light. Therefore, the light can be
guided to the scanning lens 53 in an ideal state in the
same way as with the mirror galvanometer. Thus, it is
possible to obtain a light reflection device having both a
high irradiation rate, which is an advantage of a polygon
mirror, and a resistance in reflection point fluctuation,
which is an advantage of a mirror galvanometer.
[0086] As described above, the reflection unit 20 of the
present embodiment comprises reflection members 42
having the reflection surfaces 85, 86 each of which is
formed in a planar shape. The reflection surfaces 85, 86
reflect incident light. Each of the reflection members 42
performs the revolution and the rotation simultaneously.
The direction of the revolution of the reflection member
42 and the direction of the rotation of the reflection mem-
ber 42 are the same. The angular velocity of the revolu-
tion of the reflection member 42 is equal to twice the
angular velocity of the rotation of the reflection member
42.
[0087] As a result, the reflection position of the light
relative to the incident light is constant in regards to the
reflection member 42, and the reflection position of the
light is prevented from fluctuating. Accordingly, the dis-
tortion of scanning can be reduced. In comparison with
the mirror galvanometer, the deflection is realized by ro-
tation of the reflection member 42 instead of reciprocating
motion. Therefore, it is easy to perform the scanning at
a constant speed.
[0088] In the reflection unit 20 of this embodiment, the
reflection surfaces 85, 86 are arranged in pairs across
the rotation axis of the reflection member 42.
[0089] The reflection member 42 changes its orienta-
tion by rotating 180° for every 360° of the revolution. The
reflection surfaces 85, 86, whose orientations are 180°
different from each other, are arranged in pairs on the
reflection member 42. As a result, when the reflection
member 42 crosses the light path of the incident light,
one of the two reflection surfaces effectively reflects the
light. Accordingly, the incident light can be efficiently
guided to the workpiece 200.
[0090] The reflection unit 20 of the present embodi-
ment is provided with three reflection members 42. The
revolution axes of the three reflection members 42 are
coincident. The three reflection members 42 are ar-
ranged to divide the circle centered on the revolution axis
at equal angular intervals.
[0091] This allows the incident light to be directed to
the workpiece 200 with even greater efficiency.
[0092] The reflection unit 20 of the present embodi-
ment comprises the planetary gear train. The planetary

gear train causes the reflection members 42 to perform
the revolution and the rotation.
[0093] As a result, a complex operation combining the
revolution and the rotation of the reflection members 42
can be realized with a simple configuration.
[0094] In the reflection unit 20 of the present embodi-
ment, the reflection member 42 reflects the light so as to
deflect the light along a plane perpendicular to the rota-
tion axis, as shown in FIG. 3. This plane is offset in the
direction of the rotation axis with respect to the incident
light which enters into the reflection member 42.
[0095] This allows for a layout in which the reflected
light reflected by the reflection member 42 does not in-
terfere with an optical member or the like used to guide
the incident light to the reflection unit 20.
[0096] In the present embodiment, the first reflection
surface 85 and the second reflection surface 86 are
formed on each of the reflection members 42. The first
reflection surface 85 is formed in a planar shape inclined
with respect to a plane perpendicular to the rotation axis
of the reflection member 42. The second reflection sur-
face 86 is formed in a planar shape inclined with respect
to a plane perpendicular to the rotation axis of the reflec-
tion member 42. The direction in which the first reflection
surface 85 is inclined with respect to the plane perpen-
dicular to the rotation axis and the direction in which the
second reflection surface 86 is inclined with respect to
the plane perpendicular to the rotation axis are opposite.
The incident light is reflected by the first reflection surface
85 and then reflected by the second reflection surface
86. The first reflection surface 85 and the second reflec-
tion surface 86 are formed to be symmetrical to each
other with respect to the symmetry plane 87. The mirror
image of the symmetry plane 87 with respect to the first
reflection surface 85 and the mirror image of the symme-
try plane 87 with respect to the second reflection surface
86 are identical to each other and in the plane 88. The
rotation axis of the reflection member 42 is included in
the plane 88 of the mirror images.
[0097] This allows for a simple configuration in which
the incident light is reflected while offset at the reflection
member 42 and the reflection position of the light with
respect to the incident light is constant in regards to the
reflection member 42.
[0098] In the light guide device 13 of the present em-
bodiment, the angle θ at which the first reflection surface
85 is inclined with respect to the plane perpendicular to
the rotation axis is 45°. The angle θ at which the second
reflection surface 86 is inclined with respect to the plane
88 perpendicular to the rotation axis is 45°.
[0099] This allows for a simple configuration of the re-
flection member 42.
[0100] The light guide device 13 of the present embod-
iment includes the reflection unit 20 of the above-de-
scribed configuration. The incident light is deflected by
the reflection unit 20 to scan the workpiece 200.
[0101] This allows for scanning with minimal distortion.
[0102] The light guide device 13 of the present embod-
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iment includes the scanning lens 53. The scanning lens
53 is placed on the light path from the reflection member
42 to the scanning area 31.
[0103] This allows the focal distance to be aligned over
the entire scanning area. Also, the light can be guided to
the scanning lens 53 in an ideal state.
[0104] Next, a first modification of the drive mechanism
of the support plate 41 and the reflection member 42 will
be described. In the description of this modification,
members identical or similar to those of the above-de-
scribed embodiment are given the same reference nu-
merals on the drawing, and descriptions thereof may be
omitted.
[0105] In the modification shown in FIG. 9, a ring gear
94 is fixed near the outer circumference of the support
plate 41. The ring gear 94 meshes with a drive gear 95
fixed to the output shaft of the motor 44. The rest of the
configuration is substantially the same as in FIG. 4.
[0106] In this modification, the support plate 41 can
also be rotated by driving the motor 44 to cause the re-
flection member 42 to perform the revolution and the ro-
tation.
[0107] Next, a second modification of the drive mech-
anism for the support plate 41 and the reflection member
42 will be described. In the description of this modifica-
tion, members identical or similar to those of the above-
described embodiment are given the same reference nu-
merals on the drawing, and descriptions thereof may be
omitted.
[0108] In the modification shown in FIG. 10, as similar
as in FIG. 9, a ring gear 94 is fixed near the outer circum-
ference of the support plate 41.
[0109] A two-diameter gear 96 is rotatably supported
inside the housing 63. The two-diameter gear 96 includes
a large diameter gear 96a and a small diameter gear 96b.
The large diameter gear 96a and the small diameter gear
96b rotate integrally with each other. The large diameter
gear 96a meshes with a drive gear 95 fixed to the output
shaft of the motor 44. The small diameter gear 96b mesh-
es with the ring gear 94.
[0110] A transmission gear 97 is rotatably supported
in the housing 63. The transmission gear 97 meshes with
the large diameter gear 96a included by the two-diameter
gear 96.
[0111] Unlike the above-described embodiment and
the like, the sun gear 92 is rotatably supported by the
housing 63. A transmission gear 97 is connected to the
sun gear 92 via a transmission shaft 98. The sun gear
92 rotates integrally with the transmission shaft 98.
[0112] In this modification, the counter gear 93 is omit-
ted. The sun gear 92 is directly engaged with the plane-
tary gear 91 without the counter gear 93.
[0113] With this configuration, when the motor 44 is
driven, the two-diameter gear 96 rotates. As a result, the
ring gear 94 is driven by the small diameter gear 96b,
and the support plate 41 rotates. At the same time, the
transmission gear 97 is driven by the large diameter gear
96a, and the sun gear 92 rotates.

[0114] The sun gear 92 rotates at greater angular ve-
locity than the support plate 41 and in the same direction
as the support plate 41. As a result, the planetary gear
91 can perform the rotation in the same direction as the
revolution. By determining the number of teeth of the two-
diameter gear 96 or the like according to a known formula,
the configuration can be made to perform the revolution
and the rotation simultaneously so that the angular ve-
locity of the revolution of the reflection member 42 is twice
the angular velocity of the rotation.
[0115] Next, with reference to FIGS. 11 and 12, a sec-
ond embodiment of the light guide device 13 will be de-
scribed. In the description of this embodiment, members
identical or similar to those of the above-described em-
bodiment are given the same reference numerals on the
drawing, and descriptions thereof may be omitted.
[0116] The present embodiment differs from the first
embodiment in that the light guide device 13 comprises
a plurality of reflection units 20. This embodiment is used,
for example, to process a workpiece 200 that is longer
in the main scanning direction than the first embodiment.
[0117] As shown in FIG. 11 and FIG. 12, the light guide
device 13 is provided with a plurality of the reflection units
20. Two reflection units 20 are placed in the light guide
device 13 of this embodiment. Each of the reflection units
20 reflects a laser beam incident from the laser generator
12 and guides it to the workpiece 200.
[0118] The two reflection units 20 are lined up in a
straight line along the main scanning direction. The di-
rection in which the reflection units 20 are lined up also
corresponds to the longitudinal direction of the scanning
line 201. Each of the two reflection units 20 is disposed
at a position where the distance from the scanning line
201 is substantially equal.
[0119] Hereafter, with respect to the plurality of reflec-
tion units 20, the reflection unit 20 located upstream side
in the traveling direction of the incident light (the side
which is close to the laser generator 12) may be referred
to as a first reflection unit 21. The reflection unit 20 located
downstream side in the traveling direction of the incident
light (the side which is far from the laser generator 12)
may be referred to as a second reflection unit 22.
[0120] Each of the reflection units 20 can scan optically
by reflecting and deflecting the laser beam. The area
(scanning area) 181 in which the workpiece 200 is opti-
cally scanned by the first reflection unit 21 is different
from the scanning area 182 by the second reflection unit
22. The two scanning areas 181, 182 are located in a
straight arrangement. A set of the two scanning areas
181, 182 constitutes a scanning line 201.
[0121] Each of the reflection units 20 can be iteratively
switched between a reflecting state, in which it reflects
the incident light and performs scanning, and a passing
state, in which it does not reflect the incident light and
passed the light downstream. When the reflection unit
20 is in the reflecting state, the corresponding scanning
area (e.g., the scanning area 181 in the case of the first
reflection unit 21) is scanned by light. When the reflection
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unit 20 is in the passing state, the corresponding reflec-
tion unit 20 does not perform the light scanning.
[0122] Timing at which each of the reflection units 20
is in the reflecting state differs among the plurality of the
reflection units 20. As a result, the plurality of scanning
areas are scanned respectively by switching the reflec-
tion units 20 that enter the reflecting state.
[0123] In the present embodiment, two reflection mem-
bers 42 are provided for one reflection unit 20. The two
reflection members 42 are respectively arranged to di-
vide 360° equally in the support plate 41. Specifically,
the two reflection members 42 are disposed such that
one reflection member 42 is displaced 180° with respect
to the other reflection member 42 in the circumferential
direction of the support plate 41.
[0124] On the support plate 41, the two reflection mem-
bers 42 are disposed at positions corresponding to mu-
tually opposite sides of a regular polygon (specifically, a
regular quadrilateral). Accordingly, in the two reflection
members 42, the central angle corresponding to one of
the reflection members 42 is 90°. The reflection member
42 is not disposed at a position corresponding to a side
other than the above-described opposing sides.
[0125] When the two reflection members 42 each
move in accordance with the rotation of the support plate
41, the state in which the reflection member 42 is hit by
the laser beam which enters into the reflection unit 20
and travels along the first light path L1 and the state in
which the reflection member 42 is not hit by the laser
beam are alternately switched. As shown in the first re-
flection unit 21 in FIG. 11, the state in which any of the
two reflection members 42 is hit by the incident light is
the reflecting state described above. As shown in the first
reflection unit 21 of FIG. 12, the state in which none of
the two reflection members 42 is hit by the incident light
is the passing state described above.
[0126] The first light path L1 is orthogonal to the first
rotation shaft 61 and the second rotation shaft 62. The
two reflection members 42 are arranged with a phase
difference of 180° with respect to each other. According-
ly, of the two reflection members 42 placed across the
first rotation shaft 61, only the reflection member 42 po-
sitioned on the side close to the upstream side of the first
light path L1 is to be hit by the incident light.
[0127] The light guide device 13 of the present embod-
iment is constituted by the two reflection units 20 config-
ured as described above being provided for the incident
light traveling from the laser generator 12 through appro-
priate prisms 51. In the two reflection units 20, the revo-
lution axis and the rotation axis of the reflection members
42 are parallel to each other. The reflection members 42
perform the revolution and the rotation in the same di-
rection. The angular velocity of the revolution of the re-
flection member 42 is equal to twice the angular velocity
of the rotation of the reflection member 42.
[0128] The reflection members 42 each perform the
revolution with angular velocity equal to that of the rev-
olution of the reflection member 42 in the other reflection

unit 20, in the same direction, and with a predetermined
angular difference of the rotational phase (90° in this em-
bodiment). This allows the timing at which the reflection
member 42 is hit by the incident light to be different be-
tween the two reflection units 20.
[0129] The above-described revolution and rotation of
the reflection members 42 in the plurality of reflection
units can be realized, for example, by controlling the mo-
tors(not shown) provided by each of the two reflection
units 20 to rotate synchronously. However, for example,
the two reflection units 20 can also be driven by a com-
mon motor.
[0130] FIG. 11 shows a case in which, of the two re-
flection units 20, the first reflection unit 21 enters the re-
flecting state and the second reflection unit 22 enters the
passing state. FIG. 12 shows a case in which, as a result
of the revolution and the rotation of the reflection mem-
bers 42 of each reflection unit 20 from the state of FIG.
11, the first reflection unit 21 enters the passing state and
the second reflection unit 22 enters the reflecting state.
In this way, the reflection unit 20 that performs light scan-
ning can be switched sequentially to realize light scan-
ning along the scanning line 201 that is longer than the
first embodiment as a whole.
[0131] As described above, in the laser processing de-
vice 1 of the present embodiment, the reflection members
42 of the reflection unit 20 perform the revolution and the
rotation simultaneously, so that the light guide device 13
is switched between the reflecting state in which the re-
flection surface 85 reflects the incident light by being hit
by the incident light and the passing state in which the
reflection surface 85 lets the incident light pass through
without being hit by the incident light. The timing of being
in the reflecting state differs among the plurality of light
guide devices 13. The single straight scanning line 201
is formed by the set of scanning areas 181, 182 corre-
sponding to the plurality of light guide devices 13.
[0132] This allows scanning along a long scanning line
to be realized.
[0133] Next, with reference to FIG. 13, a rotation mirror
250, which is a specially shaped reflection member, will
be described. In the description of this embodiment,
members identical or similar to those of the above-de-
scribed embodiment are given the same reference nu-
merals on the drawing, and descriptions thereof may be
omitted.
[0134] The rotation mirror 250 includes a first regular
polygon pyramid 251 and a second regular polygon pyr-
amid 252. In this embodiment, the two regular polygonal
pyramids 251, 252 are formed as regular octagonal pyr-
amids, but are not limited thereto.
[0135] The two regular polygonal pyramids 251, 252
are arranged facing each other with their axes 260 coin-
ciding with each other. The two regular polygonal pyra-
mids 251, 252 are coupled to each other by an interme-
diate portion 255. Accordingly, each of the two regular
polygonal pyramids 251, 252 is formed in a substantially
polygonal trapezoidal pyramid shape.
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[0136] A transmission shaft 259 is attached to the ro-
tation mirror 250. By transmitting a driving force of a drive
unit which is not shown (specifically, a motor) to this trans-
mission shaft 259, the rotation mirror 250 rotates. The
rotation mirror 250 and the drive unit constitute a reflect-
ing device that reflects light while deflecting the light. A
rotation axis is coincident with the axis 260 of the two
regular polygonal pyramids 251, 252.
[0137] The sides of the two regular polygonal pyramids
251, 252 are light reflection surfaces 257 each of which
is formed in a planar shape. The light reflection surfaces
257 are arranged side by side around the axis 260. Each
of the light reflection surfaces 257 is inclined with respect
to the axis 260.
[0138] The first regular polygon pyramid 251 includes
a first base surface 261. The second regular polygon
pyramid 252 includes a second base surface 262. The
first base surface 261 and the second base surface 262
are regular polygons and are perpendicular to the axis
260.
[0139] In this embodiment, the first regular polygon
pyramid 251 and the second regular polygon pyramid
252 are identical in shape. Since the two regular polyg-
onal pyramids 251, 252 are regular octagonal pyramids,
the first base surface 261 and the second base surface
262 are both regular octagons. Therefore, the number of
sides of the regular polygon is equal between the first
base surface 261 and the second base surface 262.
[0140] The two regular polygonal pyramids 251, 252
are coupled by an intermediate portion 255 such that the
phases of the regular octagons that the two base surfaces
261, 262 have are matched with each other.
[0141] FIG. 13 shows a virtual plane 270 along which
the rotation mirror 250 is cut. This virtual plane 270 is
defined to include the axis 260 and to include the mid-
points 271, 272 of one of the sides of the regular octagon
of the base surfaces 261, 262.
[0142] When the base angle in the case which the first
regular polygon pyramid 251 is cut along the virtual plane
270 is defined as α, and the base angle when the second
regular polygon pyramid 252 is cut along the virtual plane
270 is defined as β, the relationship α + β = 90° is estab-
lished in the rotation mirror 250 of the present embodi-
ment. In the present embodiment, α = β = 45°, but this
is not limited thereto. For example, the relationship may
be α = 30° and β = 60°, and the like.
[0143] When the distance between the first base sur-
face 261 and the second base surface 262 is defined as
D2, the distance between the midpoint 271 of one side
of the regular polygon of the first base surface 261 and
the axis 260 is defined as D3, and the distance between
the midpoint 272 of one side of the regular polygon of
the second base surface 262 and the axis 260 is defined
as D4, the relationship D2 = D3 3 tan α + D4 3 tan β is
established in the present embodiment.
[0144] With the above configuration, when considering
the contour of the rotation mirror 250 which is cut along
the virtual plane 270, the straight line 281 corresponding

to the light reflection surface 257 of the first regular pol-
ygon pyramid 251 and the straight line corresponding to
the light reflection surface 257 of the second regular pol-
ygon pyramid 252 are perpendicular to each other.
[0145] Furthermore, since the relationship of the above
equation is established between the distances D2, D3,
and D4, if the two straight lines 281 and 282 are extended
as shown by the chain lines in FIG. 13, their intersection
point will be located on the axis 260. This is evident by
considering two right-angled triangles and the relation-
ship between tan α and tan β.
[0146] By the way, in the reflection member 42 of FIG.
6 in the aforementioned embodiment, the rotation axis is
arranged to be included in the virtual plane 88, which is
the apparent reflection surface of the light. The configu-
ration of the rotation mirror 250 of FIG. 13 is an extension
of the above idea to a regular polygonal pyramid mirror.
[0147] In the rotation mirror 250 of FIG. 13, consider a
case where the light is irradiated from an irradiation de-
vice to a light reflection surface 257 so as to intersect an
axis 260. The incident light (e.g., laser beam) is reflected
by the light reflection surface 257 of the first regular pol-
ygon pyramid 251, and then reflected by the light reflec-
tion surface 257 of the second regular polygon pyramid
252, and then emitted.
[0148] Each of the light reflection surfaces 257 dis-
posed on a side of the rotation mirror 250 can be asso-
ciated with a respective side of the regular polygon in the
base surfaces 261, 262. In the following, the side of the
regular polygon described above that corresponds to the
light reflection surface 257 that is hit by the light may be
referred to as a corresponding side.
[0149] Here, virtually consider a plane 290 of zero
thickness that is located to include the axis 260 and ro-
tates with the rotation mirror 250. This plane 290 is par-
allel to the corresponding side described above. Deflect-
ing the incident light by two reflections with the rotation
mirror 250 including a pair of regular polygonal pyramid
portions is equivalent to deflecting the incident light by
one reflection by the plane 290.
[0150] Accordingly, the reflection position of the light
relative to the incident light is constant in regards to the
rotation mirror 250. As a result, it is possible to prevent
the reflection position of the light from fluctuating.
[0151] In the present embodiment, the rotation mirror
250 is simply rotated via the transmission shaft 259, and
the axis 260, which is the center of rotation, is not moved.
In the present embodiment, a large-scale rotating device
that combines the revolution and the rotation is unnec-
essary, so that simplification and downsizing of the con-
figuration can be easily realized.
[0152] This rotation mirror 250 can be used, for exam-
ple, together with the above-described motor 44, the
housing 17, the scanning lens 53, the laser generator 12,
and the like to configure the light guide device 13 and
the laser processing device 1 shown in FIG. 1. As de-
scribed above, in this laser processing device, the reflec-
tion position of the light by the rotation mirror 250 is sub-
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stantially constant. Therefore, by using an fθ lens as the
scanning lens 53, scanning at the irradiated point 202 at
a constant speed of the focus point is realized. In com-
parison with the mirror galvanometer, the deflection is
achieved by the rotation of the rotation mirror 250 instead
of reciprocating motion. Accordingly, it is easier to per-
form scanning at a constant speed.
[0153] As described above, the laser processing de-
vice of the present embodiment is provided with the ro-
tation mirror 250, the motor, and the irradiation device.
The motor rotates the rotation mirror 250. The irradiation
device irradiates the light onto the rotation mirror 250.
The rotation mirror 250 comprises the first regular poly-
gon pyramid 251 and the second regular polygon pyra-
mid 252. The second regular polygon pyramid 252 is ar-
ranged facing the first regular polygon pyramid 251 with
the axis 260 coincident with the first regular polygon pyr-
amid 251. Side surfaces of each of the first regular pol-
ygon pyramid 251 and the second regular polygon 252
are light reflection surfaces 257 each of which is formed
in a planar shape. The number of sides of the regular
polygons is equal in the first base surface 261 that the
first regular polygon pyramid 251 has and the second
base surface 262 that the second regular polygon pyra-
mid 252 has. The first base surface 261 and the second
base surface 262 are both arranged perpendicular to the
axis 260. The first regular polygon pyramid 251 and the
second regular polygon pyramid 252 are rotated integral-
ly with each other around the axis 260 as the rotation
axis by the motor while the phase of the regular polygon
of the first base surface 261 and the phase of the regular
polygon of the second base surface 262 are matched
with each other. The base angle of the first regular pol-
ygon pyramid 251 is defined as α° when the first regular
polygon pyramid 251 is cut along a virtual plane 270 that
includes the axis 260 and the midpoint 271 of one of the
sides of the regular polygon of the first base surface 261.
The base angle of the second regular polygon pyramid
252 is β = (90 - α)° when the second regular polygon
pyramid 252 is cut along a virtual plane 270 that includes
the axis 260 and the midpoint 272 of one of the sides of
the regular polygon of the second base surface 262. The
distance D2 between the first base surface 261 and the
second base surface 262 is equal to the sum of the dis-
tance D3 between the midpoint 271 of one side of the
regular polygon of the first base surface 261 and the axis
260 multiplied by tan α, and the distance D4 between the
midpoint of one side of the regular polygon of the second
base surface 262 and the axis 260 multiplied by tan(90-
α). The irradiation device irradiates the light in a direction
intersecting the axis 260 of the rotating mirror 250.
[0154] As a result, the reflection position of the light
relative to the incident light is constant in regards to the
rotation mirror 250, and the reflection position of the light
is prevented from fluctuating with rotation. Accordingly,
the distortion of scanning can be reduced.
[0155] In the light guide device of this embodiment, the
base angle α is 45°.

[0156] This allows the rotation mirror 250 to have a
simple shape. Also, a concise light path layout can be
realized.
[0157] Although the preferred embodiment and the
modifications of the present invention have been de-
scribed above, the configurations described above may
be modified as follows, for example.
[0158] The number of the reflection members 42 pro-
vided to the support plate 41 in the reflection unit 20 is
not limited to three as in the first embodiment, but can
be, for example, four or five.
[0159] The number of the reflection units 20 can be
determined according to the shape of the irradiated ob-
ject or the like, and can be, for example, three, four, or
five instead of two as in the second embodiment.
[0160] The first reflector 81 and the second reflector
82 in the reflection member 42 may be realized by a
prism.
[0161] The optical scanning device to which the light
guide device 13 is applied is not limited to the laser
processing device 1, but may be, for example, an image
forming device.
[0162] In the third embodiment, instead of the regular
8-pyramid, for example, a regular 6-pyramid, a regular
9-pyramid, or the like can be used as the first regular
polygon pyramid 251 and the second regular polygon
252. The sizes of the first base surface 261 and the sec-
ond base surface 262 can be configured to be different
from each other.
[0163] In the rotation mirror 250 of the third embodi-
ment, any shape can be adopted for the portion that does
not reflect light. Although the first regular polygon pyra-
mid 251 and the second regular polygon pyramid 252
shown in FIG. 13 are actually regular polygonal trapezoi-
dal pyramid shapes, they are included in the regular po-
lygonal pyramid as long as the portions that reflect light
are regular polygonal pyramid shapes. The designations
"base surface" and "base angle" are not intended to limit
the orientation of the regular polygonal pyramid. The ro-
tation mirror 250 may be used with its axis 260 in any
orientation.
[0164] In view of the foregoing teachings, it is apparent
that the present invention can take many modified and
variant forms. Accordingly, it is to be understood that the
present invention may be practiced in ways other than
those described herein within the scope of the appended
claims.

DESCRIPTION OF THE REFERENCE NUMERALS

[0165]

1 laser processing device (optical scanning device)
13 light guide device
20 reflection unit (light reflection device)
31 scanning area
42 reflection member
53 scanning lens
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61 first rotation shaft (rotation axis of support plate)
62 second rotation shaft (rotation axis of reflection

member)
81 first reflector (reflector)
82 second reflector (reflector)
85 first reflection surface
86 second reflection surface
200 workpiece (object to be irradiated)
201 scanning line
202 irradiated point
250 rotation mirror (reflection member)
251 first regular polygon pyramid
252 second regular polygon pyramid
257 light reflection surface
260 axis (rotation axis)
261 first base surface
262 second base surface
α, β base angle

Claims

1. A light reflection device comprising

a reflection member having a reflection surface
that is formed in a planar shape for reflecting
incident light, the reflection member performing
a revolution and a rotation simultaneously,
wherein
a direction of the revolution of the reflection
member and a direction of the rotation of the
reflection member are the same, and
angular velocity of the revolution of the reflection
member is equal to twice angular velocity of the
rotation of the reflection member.

2. The light reflection device according to claim 1,
wherein
the reflection surfaces are arranged in pairs across
a rotation axis of the reflection member.

3. The light reflection device according to claim 1 or 2,
including

a plurality of the reflection members, wherein
revolution axes of the plurality of the reflection
members are coincident, and
the plurality of the reflection members are ar-
ranged to divide a circle centered on the revo-
lution axis at equal angular intervals.

4. The light reflection device according to any one of
claims 1 to 3, comprising
a planetary gear train that causes the reflection
member to perform the revolution and the rotation.

5. The light reflection device according to any one of
claims 1 to 4, wherein

the reflection member reflects light so as to de-
flect the light along a plane perpendicular to a
rotation axis, and
the plane is offset in a direction of the rotation
axis with respect to the incident light which en-
ters into the reflection member.

6. The light reflection device according to claim 5,
wherein
the reflection surface includes:

a first reflection surface formed in a planar shape
inclined with respect to a plane perpendicular to
the rotation axis; and
a second reflection surface formed in a planar
shape inclined with respect to a plane perpen-
dicular to the rotation axis,
a direction in which the first reflection surface is
inclined with respect to the plane perpendicular
to the rotation axis and a direction in which the
second reflection surface is inclined with respect
to the plane perpendicular to the rotation axis
are opposite,
the incident light is reflected by the first reflection
surface and then reflected by the second reflec-
tion surface,
the first reflection surface and the second reflec-
tion surface are formed to be symmetrical to
each other with respect to a symmetry plane,
a mirror image of the symmetry plane with re-
spect to the first reflection surface and a mirror
image of the symmetry plane with respect to the
second reflection surface are identical to each
other and in a plane, and
the rotation axis is included in the plane of the
mirror images.

7. The light reflection device according to claim 6,
wherein

an angle at which the first reflection surface is
inclined with respect to the plane perpendicular
to the rotation axis is 45°, and
an angle at which the second reflection surface
is inclined with respect to the plane perpendic-
ular to the rotation axis is 45°.

8. A light guide device comprising

the light reflection device according to any one
of claims 1 to 7, wherein
the incident light is deflected by the light reflec-
tion device to scan an object to be irradiated.

9. The light guide device according to claim 8, compris-
ing

a scanning lens, wherein

23 24 
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the scanning lens is placed on a light path from
the reflection member to the object to be irradi-
ated.

10. An optical scanning device comprising

a plurality of the light guide devices according
to claim 8 or 9, wherein
in each of the light guide devices, the reflection
member of the light reflection device performs
the revolution and the rotation simultaneously
so that the light guide device is switched be-
tween a reflecting state in which the reflection
surface reflects the incident light by being hit by
the incident light and a passing state in which
the reflection surface lets the incident light pass
through without being hit by the incident light,
timing of being in the reflecting state differs
among the plurality of the light guide devices,
and
a single straight scanning line is formed by a set
of scanning areas corresponding to a plurality
of the light guide devices.

11. An optical scanning device comprising:

a rotation mirror;
a drive unit for rotating the rotation mirror; and
an irradiation device that irradiates light onto the
rotation mirror, wherein
the rotation mirror comprises:

a first regular polygon pyramid; and
a second regular polygon pyramid arranged
facing the first regular polygon pyramid with
an axis coincident with the first regular pol-
ygon pyramid,
side surfaces of each of the first regular pol-
ygon pyramid and the second regular poly-
gon pyramid are light reflection surfaces
each of which is formed in a planar shape,
the number of sides of regular polygons is
equal in a first base surface that the first
regular polygon pyramid has and a second
base surface that the second regular poly-
gon pyramid has,
the first base surface and the second base
surface are both arranged perpendicular to
the axis,
the first regular polygon pyramid and the
second regular polygon pyramid are rotated
integrally with each other around the axis
as a rotation axis by the drive unit while a
phase of the regular polygon of the first base
surface and a phase of the regular polygon
of the second base surface are matched
with each other,
a base angle of the first regular polygon pyr-

amid is α° when the first regular polygon
pyramid is cut along a plane that includes
the axis and a midpoint of one of the sides
of the regular polygon of the first base sur-
face,
a base angle of the second regular polygon
pyramid is (90-α)° when the second regular
polygon pyramid is cut along a plane that
includes the axis and a midpoint of one of
the sides of the regular polygon of the sec-
ond base surface,
a distance between the first base surface
and the second base surface is equal to the
sum of a distance between the midpoint of
one side of the regular polygon of the first
base surface and the rotation axis multiplied
by tan α and a distance between the mid-
point of one side of the regular polygon of
the second base surface and the rotation
axis multiplied by tan(90-α), and
the irradiation device irradiates the light to-
ward a position so that the light intersects
the rotation axis of the rotation mirror.

12. The optical scanning device according to claim 11,
wherein
the base angle α° is 45°.
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