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(57) ABSTRACT

A robot includes a base, a first arm coupled to the base and
rotating about a first rotation axis, and a second arm coupled
to the first arm and rotating about a second rotation axis,
wherein the first arm has a first portion coupled to the base,
a second portion coupled to the second arm, and a third
portion located between the first portion and the second
portion and having an internal space, and a liquid exhaust
hole communicating between the internal space and an
outside of the first arm and exhausting a liquid entering the
internal space to the outside of the first arm is provided in the
third portion.

9 Claims, 7 Drawing Sheets
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ROBOT ARM HAVING A LIQUID EXHAUST
HOLE

The present application is based on, and claims priority
from JP Application Serial Number 2019-119691, filed Jun.
27,2019, the disclosure of which is hereby incorporated by
reference herein in its entirety.

BACKGROUND
1. Technical Field

The present disclosure relates to a robot.
2. Related Art

JP-A-8-290385 discloses an arm for industrial robot hav-
ing a hollow internal structure for weight reduction.

However, when water enters the arm disclosed in JP-A-
8-290385, the water is not exhausted to the outside, but
accumulated inside and may cause e.g. degradation of the
arm, failure in electrical system, or the like.

SUMMARY

A robot according to an aspect of the present disclosure
includes a base, a first arm coupled to the base and rotating
about a first rotation axis, and a second arm coupled to the
first arm and rotating about a second rotation axis, wherein
the first arm has a first portion coupled to the base, a second
portion coupled to the second arm, and a third portion
located between the first portion and the second portion and
having an internal space, and a liquid exhaust hole commu-
nicating between the internal space and an outside of the first
arm and exhausting a liquid entering the internal space to the
outside of the first arm is provided in the third portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view showing a robot according to a first
embodiment of the present disclosure.

FIG. 2 is a perspective view showing a first arm of the
robot in FIG. 1.

FIG. 3 is an exploded perspective view showing a second
arm.

FIG. 4 is a plan view showing the first arm.

FIG. 5 is a sectional view showing the first arm.

FIG. 6 is a plan view showing a first arm of a robot
according to a second embodiment of the present disclosure.

FIG. 7 is a plan view showing a first arm of a robot
according to a third embodiment of the present disclosure.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

As below, a robot of the present disclosure will be
explained in detail based on embodiments shown in the
accompanying drawings.

First Embodiment

FIG. 1 is the side view showing the robot according to the
first embodiment of the present disclosure. FIG. 2 is the
perspective view showing the first arm of the robot in FIG.
1. FIG. 3 is the exploded perspective view showing the
second arm. FIG. 4 is the plan view showing the first arm.
FIG. 5 is the sectional view showing the first arm.

w

10

15

20

25

35

40

45

50

55

60

65

2

Note that upward and downward directions in FIG. 1
coincide with vertical directions and the upside in FIG. is
also referred to as “upper”, the downside is also referred to
as “lower”, the right side is also referred to as “proximal
end” or “proximal end portion”, and the left side is also
referred to as “distal end” or “distal end portion”. Further, in
this specification, “horizontal” refers to not only the case
that coincides with horizontal but also the cases with incli-
nations relative to horizontal as long as effects of the present
disclosure may be exerted. Similarly, in this specification,
“vertical” refers to not only the case that coincides with
vertical but also the cases with inclinations relative to
vertical as long as the effects of the present disclosure may
be exerted. Furthermore, in this specification, “parallel”
refers to not only the case where two objects are parallel but
also the cases with inclinations relative to parallel as long as
the effects of the present disclosure may be exerted.

A robot 1 shown in FIG. 1 is a horizontal articulated robot
(scalar robot) and used for respective work of e.g. holding,
transport, assembly, inspection, etc. of works including
electronic components. Note that the usage of the robot 1 is
not particularly limited.

The robot 1 has a base 2, an arm 3 coupled to the base 2,
and a pipe 9 coupling the base 2 and the arm 3. The arm 3
has a first arm 4 with a proximal end portion coupled to the
base 2 and being rotatable about a first rotation axis J1
relative to the base 2, and a second arm 5 with a proximal
end portion coupled to a distal end portion of the first arm
4 and being rotatable about a second rotation axis J2 parallel
to the first rotation axis J1 relative to the first arm 4. Further,
a working head 6 is provided in a distal end portion of the
second arm 5. The first rotation axis J1 and the second
rotation axis J2 are respectively along the vertical directions.

The base 2 is fixed to e.g. a floor surface (not shown) by
bolts or the like. Within the base 2, a driver 71 that rotates
the first arm 4 about the first rotation axis J1 relative to the
base 2 is provided and, within the second arm 5, a driver 72
that rotations the second arm 5 about the second rotation axis
J2 relative to the first arm is provided. The drivers 71, 72
respectively include motors M as drive sources, controllers
C that control driving of the motors M, encoders E that
detect amounts of rotation of the motors M, etc.

The working head 6 has a spline nut 61 and a ball screw
nut 62 coaxially placed in the distal end portion of the
second arm 5, and a spline shaft 63 inserted through the
spline nut 61 and the ball screw nut 62. The spline shaft 63
is rotatable about a third rotation axis J3 as a center axis
thereof relative to the second arm 5 and and movable upward
and downward in directions along the third rotation axis J3.
The third rotation axis J3 is parallel to the first rotation axis
J1 and the second rotation axis J2 and along the vertical
directions.

Within the second arm 5, a driver 73 that rotates the spline
shaft 63 about the third rotation axis J3 by rotating the spline
nut 61, and a driver 74 that moves the spline shaft 63 upward
and downward in the directions along the third rotation axis
J3 by rotating the ball screw nut 62 are provided. The drivers
73, 74 respectively include motors M as drive sources,
controllers C that control driving of the motors M, encoders
E that detect amounts of rotation of the motors M, etc.

A payload 64 for attachment of an end effector 65 is
provided in the lower end portion of the spline shaft 63. The
end effector 65 attached to the payload 64 is not particularly
limited to, but includes e.g. a hand holding an object and a
working tool processing an object.

Within the base 2, a robot control apparatus 75 that
controls driving of the drivers 71, 72, 73, 74 based on
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commands from a host computer (not shown) is provided.
Further, a group of wires 76 having a plurality of wires 761
electrically coupling the robot control apparatus 75 and the
drivers 72, 73, 74 are routed from the base 2 to the second
arm 5 through the pipe 9. Thereby, routing via a joint Q1
coupling the base 2 and the first arm 4 or a joint Q2 coupling
the first arm 4 and the second arm 5 is unnecessary, and
routing of the group of wires 76 is easier.

The robot control apparatus 75 includes e.g. a computer
having a processor (CPU) that processes information, a
memory communicably connected to the processor, and an
external interface. Further, various programs executable by
the processor are stored in the memory and the processor
may read and execute various programs stored in the
memory etc.

As above, the overall configuration of the robot 1 is
briefly explained. Note that the configuration of the robot 1
is not particularly limited. For example, at least another arm
rotatable about an axis extending in the vertical directions
may intervene between the first arm 4 and the second arm 5.

Next, the first arm 4 is explained in detail. As shown in
FIGS. 2 and 3, the first arm 4 has a housing 41 coupled to
the base 2 in the proximal end portion and coupled to the
second arm 5 in the distal end portion, and a cover 42
covering the housing 41. The cover 42 has a first cover 421
covering the side of the housing 41 and a second cover 422
covering the upside of the housing 41. The side and the
upside of the housing 41 are covered by the cover 42, and
the downside is not covered by the cover 42, but exposed to
the outside of the first arm 4. That is, the bottom surface as
a lower surface of the housing 41 is exposed to the outside
of the first arm 4 from the cover 42.

Further, as shown in FIG. 3, the housing 41 has a first
portion 411 located at the proximal end side and coupled to
the base 2, a second portion 412 located at the distal end side
and coupled to the second arm 5, and a third portion 413
located between the first portion 411 and the second portion
412. In the third portion 413, a recessed part 414 opening in
the upper surface of the housing 41 is formed. That is, the
recessed part 414 is formed by the side surface of the
housing 41 and the bottom surface of the housing 41.
Thereby, the housing 41 may be hollowed out and the weight
of the first arm 4 may be reduced. An internal space S
surrounded by the housing 41 and the cover 42 is formed
within the first arm 4.

Furthermore, the housing 41 has a rib 415 provided within
the recessed part 414. The strength of the housing 41 may be
increased by the rib 415. That is, the strength of the housing
41 lowered due to the formation of the recessed part 414 and
the weight reduction of the first arm 4 may be reinforced by
the rib 415. The rib 415 is a wall stood from the bottom
surface of the recessed part 414 and, in the embodiment, has
a first rib 415a that divides the recessed part 414 in the
substantially rectangular shape into two pieces in a direction
of'the length of the first arm 4, a second rib 4154 that divides
the recessed part 414 into two pieces in a direction of the
width of the first arm 4, a third rib 415¢ that divides the
recessed part 414 into two pieces on one diagonal line, and
a fourth rib 4154 that divides the recessed part 414 into two
pieces on the other diagonal line. These first to fourth ribs
415a to 415d cross each other in the center portion of the
recessed part 414.

By the rib 415, the interior of the recessed part 414, i.e.,
the internal space S is partitioned into a plurality of spaces.
Specifically, the internal space S has a first space S1 and a
second space S2 partitioned by the first rib 4154 and the
third rib 415¢, a third space S3 and a fourth space S4
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partitioned by the first rib 4154 and the fourth rib 4154, a
fifth space S5 and a sixth space S6 partitioned by the second
rib 41556 and the third rib 415¢, and a seventh space S7 and
an eighth space S8 partitioned by the second rib 4155 and
the fourth rib 4154d.

Note that the configuration of the rib 415 is not particu-
larly limited. For example, one, two, or three of the first to
fourth ribs 4154 to 4154 may be omitted, or one or more ribs
may be added. The shapes, postures, etc. of the first to fourth
ribs 415a to 4154 are not particularly limited. Or, the rib 415
may be omitted.

As shown in FIG. 4, in the third portion 413 of the
housing 41, liquid exhaust holes 49 communicating between
the internal space S and the outside of the first arm 4 and
exhausting a liquid L from the internal space S to the outside
of the first arm 4 are provided. For example, depending on
the usage environment of the robot 1, a sprinkler may be
placed around and water, i.e., a fire extinguishing liquid
injected from the sprinkler may enter the first arm 4 from a
gap Al between the housing 41 and the cover 42 and be
accumulated in the internal space S. When a liquid e.g. an oil
is used in the work by the robot 1 or a liquid is transported,
the liquid L may be accumulated in the internal space S.

As described above, when the liquid L is accumulated in
the internal space S, corrosion and degradation of the first
arm 4 and various components mounted on the first arm 4
may be caused. Accordingly, the liquid exhaust holes 49 are
provided in the third portion 413 as a main part of the first
arm 4, the liquid L within the internal space S is exhausted
via the liquid exhaust holes 49, and thereby, the possibility
that the above described problems occur is sufficiently
lower. Therefore, the more reliable robot 1 may be obtained.

The liquid exhaust holes 49 are formed in the bottom part
as the lower part in the vertical direction of the third portion
413, particularly, in the bottom portion of the recessed part
414. More specifically, the liquid exhaust holes 49 penetrate
the bottom surface of the housing and the bottom surface of
the recessed part 414, the lower ends thereof open in the
bottom surface of the housing 41 and the upper ends thereof
open in the bottom surface of the recessed part 414. As
described above, the liquid exhaust holes 49 are formed in
the bottom portion of the recessed part 414, and thereby, the
liquid L. may be exhausted from the liquid exhaust holes 49
to the outside of the first arm 4 using its own weight.
Accordingly, the liquid L within the internal space S may be
exhausted via the liquid exhaust holes 49 to the outside of
the first arm 4 more reliably by the simpler configuration.

A plurality of the liquid exhaust holes 49 are provided.
Thereby, even when the liquid L enters the internal space S,
the liquid L. may be exhausted to the outside of the first arm
4 more efficiently. Particularly, in the embodiment, the liquid
exhaust hole 49 is provided in each of the first to eighth
spaces S1 to S8 formed by partitioning of the internal space
S. Specifically, the plurality of the liquid exhaust holes 49
include a liquid exhaust hole 491 communicating between
the first space S1 and the outside of the first arm 4, a liquid
exhaust hole 492 communicating between the second space
S2 and the outside of the first arm 4, a liquid exhaust hole
493 communicating between the third space S3 and the
outside of the first arm 4, a liquid exhaust hole 494 com-
municating between the fourth space S4 and the outside of
the first arm 4, a liquid exhaust hole 495 communicating
between the fifth space S5 and the outside of the first arm 4,
a liquid exhaust hole 496 communicating between the sixth
space S6 and the outside of the first arm 4, a liquid exhaust
hole 497 communicating between the seventh space S7 and
the outside of the first arm 4, and a liquid exhaust hole 498
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communicating between the eighth space S8 and the outside
of the first arm 4. The respective spaces S1 to S8 are
partitioned by the rib 415 and the liquid exhaust holes 491
to 498 are formed in the respective spaces S1 to S8, and
thereby, the liquid L. within the internal space S may be
exhausted via these liquid exhaust holes 491 to 498 to the
outside of the first arm 4 more reliably.

Note that, in the embodiment, the single liquid exhaust
hole 49 is provided with respect to each of the first to eighth
spaces S1 to S8 and the number of liquid exhaust holes 49
with respect to each of the first to eighth spaces S1 to S8 is
not particularly limited. The number may be two or more.
Or, the numbers of liquid exhaust holes 49 may be different
among the first to eighth spaces S1 to S8.

Of the liquid exhaust holes 491 to 498, the liquid exhaust
holes 492, 494, 496, 498 as first liquid exhaust holes 49A
provided in the second, fourth, sixth, eighth spaces S2, S4,
S6, S8 located at the proximal end side within the internal
space S are respectively unevenly distributed at the first
portion 411 side, i.e., the base 2 side. That is, the liquid
exhaust holes 492, 494, 496, 498 are respectively provided
so that separation distances from the proximal end of the
internal space S may be shorter than separation distances
from a center O in a plan view from the upside in the vertical
direction.

On the other hand, of the liquid exhaust holes 491 to 498,
the liquid exhaust holes 491, 493, 495, 497 as second liquid
exhaust holes 49B provided in the first, third, fifth, seventh
spaces S1, S3, S5, S7 located at the distal end side within the
internal space S are respectively unevenly distributed at the
second portion 412 side, i.e., the second arm 5 side. That is,
the liquid exhaust holes 491, 493, 495, 497 are respectively
provided so that separation distances from the distal end of
the internal space S may be shorter than separation distances
from the center O in the plan view from the upside in the
vertical direction.

As described above, the liquid exhaust holes 491 to 498
are unevenly distributed at the first portion 411 side and the
second portion 412 side, and thereby, the liquid exhaust
holes 491 to 498 may be dispersedly placed within the
internal space S. Accordingly, the liquid L within the internal
space S may be exhausted via the liquid exhaust holes 491
to 498 to the outside of the first arm 4 more reliably and
more effectively.

The entry of the liquid L into the first arm 4 is mainly from
the portion in which the housing 41 is exposed from the
cover 42 and, in the embodiment, the coupling portion of the
first portion 411 to the base 2 and the coupling portion of the
second portion 412 to the second arm 5. Accordingly, the
liquid exhaust holes 492, 494, 496, 498 are unevenly dis-
tributed at the first portion 411 side, and thereby, the liquid
L entering the first arm 4 from the first portion 411 may be
quickly and efficiently exhausted to the outside of the first
arm 4. The liquid exhaust holes 491, 493, 495, 497 are
unevenly distributed at the second portion 412 side, and
thereby, the liquid L entering the first arm 4 from the second
portion 412 may be quickly and efficiently exhausted to the
outside of the first arm 4. Further, a region in which none of
the liquid exhaust holes 491 to 498 is formed may be secured
in the center part of the internal space S, i.e., near the center
O, and a guide part 48, which will be described later, may
be easily provided in the portion.

As shown in FIGS. 4 and 5, the respective liquid exhaust
holes 49 (491 to 498) penetrate the bottom part of the
housing 41 in the thickness directions and the upper end
portions are funnel-shaped or tapered. That is, the respective
liquid exhaust holes 49 have tapered portions 490 with inner
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diameters to be smaller from the upside toward the down-
side, i.e., from the internal space S toward the outside of the
first arm 4 at the upper end portions thereof the internal
space S side. Thereby, the liquid L within the internal space
S may be easily led into the liquid exhaust holes 49 and the
liquid L within the internal space S may be efficiently
exhausted via the liquid exhaust holes 49 to the outside of
the first arm 4. The lower end portions of the respective
liquid exhaust holes 49 (491 to 498) have inner diameters r
constant in the thickness directions. The inner diameters r of
the liquid exhaust holes 49 are not particularly limited, but
preferably from 2 mm to 20 mm and more preferably from
5 mm to 10 mm, for example. Thereby, the respective liquid
exhaust holes 49 have suitable sizes for exhausting the liquid
L. Note that, unlike the illustrated configuration, the tapered
portions 490 may be provided in the whole liquid exhaust
holes 49.

Further, as shown in FIG. 4, the guide part 48 for guiding
the liquid L within the internal space S to the liquid exhaust
holes 491 to 498 is provided in the housing 41. That is, the
guide part 48 is provided in the third portion 413. The guide
part 48 is provided, and thereby, the liquid L within the
internal space S may be exhausted via the liquid exhaust
holes 491 to 498 to the outside of the first arm 4.

The guide part 48 has convex portions 481 projecting in
dome shapes from the bottom surface of the recessed part
414 into the internal space S, and grooves 482 provided in
the bottom surface of the recessed part 414.

The convex portions 481 are located in the center portion
of'the recessed part 414, i.e., near the center O and provided
to overlap with the respective first to eighth spaces S1 to S8
in the plan view from the upside in the vertical direction.
That is, the convex portions 481 are provided in the respec-
tive first to eighth spaces S1 to S8. Further, the liquid
exhaust holes 491 to 498 are placed around the convex
portions 481.

Accordingly, an inclined surface 48la of the convex
portion 481 is inclined toward the liquid exhaust hole 491
within the first space S1, and the liquid L entering the first
space S1 is guided by the inclined surface 481a, flows
toward the liquid exhaust hole 491, and is efficiently
exhausted from the liquid exhaust hole 491. Similarly, an
inclined surface 4814 of the convex portion 481 is inclined
toward the liquid exhaust hole 492 within the second space
S2, and the liquid L entering the second space S2 is guided
by the inclined surface 4815, flows toward the liquid exhaust
hole 492, and is efficiently exhausted from the liquid exhaust
hole 492. Further, an inclined surface 481c¢ of the convex
portion 481 is inclined toward the liquid exhaust hole 493
within the third space S3, and the liquid L entering the third
space S3 is guided by the inclined surface 481c, flows
toward the liquid exhaust hole 493, and is efficiently
exhausted from the liquid exhaust hole 493. Furthermore, an
inclined surface 481d of the convex portion 481 is inclined
toward the liquid exhaust hole 494 within the fourth space
S4, and the liquid L entering the fourth space S4 is guided
by the inclined surface 4814, flows toward the liquid exhaust
hole 494, and is efficiently exhausted from the liquid exhaust
hole 494.

An inclined surface 481e of the convex portion 481 is
inclined toward the liquid exhaust hole 495 within the fifth
space S5, and the liquid L entering the fifth space S5 is
guided by the inclined surface 481e, flows toward the liquid
exhaust hole 495, and is efficiently exhausted from the liquid
exhaust hole 495. Further, an inclined surface 481f of the
convex portion 481 is inclined toward the liquid exhaust
hole 496 within the sixth space S6, and the liquid L entering
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the sixth space S6 is guided by the inclined surface 481/,
flows toward the liquid exhaust hole 496, and is efficiently
exhausted from the liquid exhaust hole 496. Furthermore, an
inclined surface 481g of the convex portion 481 is inclined
toward the liquid exhaust hole 497 within the seventh space
S7, and the liquid L entering the seventh space S7 is guided
by the inclined surface 481g, flows toward the liquid exhaust
hole 497, and is efficiently exhausted from the liquid exhaust
hole 497. Moreover, an inclined surface 481/ of the convex
portion 481 is inclined toward the liquid exhaust hole 498
within the eighth space S8, and the liquid L entering the
eighth space S8 is guided by the inclined surface 481/, flows
toward the liquid exhaust hole 498, and is efficiently
exhausted from the liquid exhaust hole 498.

On the other hand, the grooves 482 have a groove 482a
provided within the first space S1 and leading the liquid L
within the first space S1 to the liquid exhaust hole 491, a
groove 482bh provided within the second space S2 and
leading the liquid L within the second space S2 to the liquid
exhaust hole 492, a groove 482¢ provided within the third
space S3 and leading the liquid L. within the third space S3
to the liquid exhaust hole 493, a groove 4824 provided
within the fourth space S4 and leading the liquid L within the
fourth space S4 to the liquid exhaust hole 494, a groove 482¢
provided within the fifth space S5 and leading the liquid L
within the fifth space S5 to the liquid exhaust hole 495, a
groove 482f provided within the sixth space S6 and leading
the liquid L within the sixth space S6 to the liquid exhaust
hole 496, a groove 482g provided within the seventh space
S7 and leading the liquid L within the seventh space S7 to
the liquid exhaust hole 497, and a groove 482/ provided
within the eighth space S8 and leading the liquid L. within
the eighth space S8 to the liquid exhaust hole 498. Thereby,
the liquid L within the respective spaces S1 to S8 may be
excluded via the liquid exhaust holes 491 to 498 to the
outside of the first arm 4.

The groove 482a is formed in an annular shape along the
wall partitioning the first space S1 and the liquid exhaust
hole 491 is provided in the middle thereof. Accordingly, the
liquid L entering the first space S1 may be efficiently
collected in the groove 482a and the collected liquid L may
be effectively exhausted via the liquid exhaust hole 491 to
the outside of the first arm 4.

Similarly, the groove 4825 is formed in an annular shape
along the wall partitioning the second space S2 and the
liquid exhaust hole 492 is provided in the middle thereof.
The groove 482¢ is formed in an annular shape along the
wall partitioning the third space S3 and the liquid exhaust
hole 493 is provided in the middle thereof. The groove 4824
is formed in an annular shape along the wall partitioning the
fourth space S4 and the liquid exhaust hole 494 is provided
in the middle thereof. The groove 482¢ is formed in an
annular shape along the wall partitioning the fifth space S5
and the liquid exhaust hole 495 is provided in the middle
thereof. The groove 482fis formed in an annular shape along
the wall partitioning the sixth space S6 and the liquid
exhaust hole 496 is provided in the middle thereof. The
groove 482¢g is formed in an annular shape along the wall
partitioning the seventh space S7 and the liquid exhaust hole
497 is provided in the middle thereof. The groove 482/ is
formed in an annular shape along the wall partitioning the
eighth space S8 and the liquid exhaust hole 498 is provided
in the middle thereof.

Note that the configuration of the guide part 48 is not
particularly limited as long as the guide part may guide the
liquid L within the internal space S to the liquid exhaust
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holes 491 to 498. For example, one of the convex portion
481 and the groove 482 may be omitted or the guide part 48
may be omitted.

As above, the robot 1 is explained in detail. As described
above, the robot 1 includes the base 2, the first arm 4 coupled
to the base 2 and rotating about the first rotation axis J1, and
the second arm 5 coupled to the first arm 4 and rotating about
the second rotation axis J2, and the first arm 4 has the first
portion 411 coupled to the base 2, the second portion 412
coupled to the second arm 5, and the third portion 413
located between the first portion 411 and the second portion
412 and having the internal space S. Further, in the third
portion 413, the liquid exhaust holes 49 communicating
between the internal space S and the outside of the first arm
4 and exhausting the liquid L entering the internal space S
to the outside of the first arm 4 are provided. As described
above, the internal space S is formed within the first arm 4,
and thereby, the weight of the first arm 4 may be reduced.
Further, with the liquid exhaust holes 49, the liquid L
entering the first arm 4 may be exhausted to the outside of
the first arm 4 and degradation and driving failure of the first
arm 4 due to the liquid L may be effectively suppressed.

Further, as described above, the first rotation axis J1 and
the second rotation axis J2 are respectively along the vertical
directions and the liquid exhaust holes 49 are provided in the
bottom part of the third portion 413. Thereby, the liquid L is
exhausted from the liquid exhaust holes 49 to the outside of
the first arm 4 under its own weight.

As described above, the third portion 413 has the rib 415
as the partitioning part that partitions the internal space S
into the plurality of the first to eighth spaces S1 to S8.
Further, the liquid exhaust hole 49 is provided with respect
to each of the plurality of the first to eighth spaces S1 to S8.
The rib 415 is provided, and thereby, the first arm 4 may be
reinforced. The liquid exhaust hole 49 is provided with
respect to each of the plurality of the first to eighth spaces
S1 to S8, and thereby, the liquid L. may be exhausted from
the respective first to eighth spaces S1 to S8 via the liquid
exhaust holes 49 more reliably.

As described above, the third portion 413 has the guide
part 48 that guides the liquid L to the liquid exhaust holes 49.
Thereby, the liquid L. within the internal space S may be
efficiently exhausted via the liquid exhaust holes 49 to the
outside of the first arm 4.

As described above, the guide part 48 has the inclined
surfaces 481a to 481/ inclined toward the liquid exhaust
holes 49. Thereby, the guide part 48 having the simpler
configuration may be obtained.

As described above, the guide part 48 has the grooves 482
leading the liquid L to the liquid exhaust holes 49. Thereby,
the guide part 48 having the simpler configuration may be
obtained.

As described above, the liquid exhaust holes 49 are
unevenly distributed at the first portion 411 side or the
second portion 412 side in the third portion 413. Particularly,
in the embodiment, the liquid exhaust holes have the first
liquid exhaust holes 49A unevenly distributed at the first
portion 411 side and the second liquid exhaust holes 49B
unevenly distributed at the second portion 412 side. The first
liquid exhaust holes 49A unevenly distributed at the first
portion 411 side are provided, and thereby, the liquid L
entering the first arm 4 from the first portion 411 may be
quickly and efficiently exhausted via the first liquid exhaust
holes 49A to the outside of the first arm 4. The second liquid
exhaust holes 49B unevenly distributed at the second portion
412 side are provided, and thereby, the liquid L entering the
first arm 4 from the second portion 412 may be quickly and
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efficiently exhausted via the second liquid exhaust holes 49B
to the outside of the first arm 4.

As described above, the liquid exhaust holes 49 have the
tapered portions 490 with the inner diameters to be smaller
from the internal space S toward the outside at the internal
space S side. Thereby, the liquid L within the internal space
S may be easily led into the liquid exhaust holes 49 and the
liquid L within the internal space S may be efficiently
exhausted via the liquid exhaust holes 49 to the outside of
the first arm 4.

Note that, in the present disclosure, conditions including
the shapes, placements, and dimensions of the liquid exhaust
holes 49 and the guide part 48 are not limited to those
described as above.

Second Embodiment

FIG. 6 is the plan view showing the first arm of the robot
according to the second embodiment of the present disclo-
sure.

The robot 1 according to the embodiment is the same as
that of the above described first embodiment except that the
configurations of the liquid exhaust holes 49 are different. In
the following description, the robot 1 of the second embodi-
ment will be explained with a focus on the differences from
the above described first embodiment and the explanation of
the same items will be omitted. Further, in FIG. 6, the same
configurations as those of the above described first embodi-
ment have the same signs.

As shown in FIG. 6, in the first arm 4 of the embodiment,
the first liquid exhaust holes 49A and the second liquid
exhaust holes 49B are different in hole size. Particularly, the
second liquid exhaust holes 49B have the larger hole diam-
eters than the first liquid exhaust holes 49A. Specifically, a
diameter (inner diameter) R2 of the liquid exhaust holes 491,
493, 495, 497 as the second liquid exhaust holes 49B is
larger than a diameter (inner diameter) R1 of the liquid
exhaust holes 492, 494, 496, 498 as the first liquid exhaust
holes 49A. That is, R2>R1. Note that the diameters R1, R2
refer to the minimum values of the diameters of the first,
second liquid exhaust holes 49A, 49B, i.e., the diameters of
the portions having the minimum diameters.

As described above, the entry of the liquid L into the first
arm 4 is mainly from the coupling portion of the first portion
411 to the base 2 and the coupling portion of the second
portion 412 to the second arm 5. Particularly, the coupling
portion of the second portion 412 to the second arm 5 faces
upward in the vertical direction and, on the other hand, the
coupling portion of the first portion 411 to the base 2 faces
downward in the vertical direction. Accordingly, the liquid
L enters the inside from the coupling portion of the second
portion 412 to the second arm 5 more easier than that from
the coupling portion of the first portion 411 to the base 2.
Therefore, R2>R1 and the exhaust efficiency of the liquid
exhaust holes 491, 493, 495, 497 as the second liquid
exhaust holes 49B is made higher, and thereby, the liquid L.
entering the internal space S may be effectively exhausted to
the outside of the first arm 4. Further, excessive increase in
diameter of the liquid exhaust holes 492, 494, 496, 498 as
the first liquid exhaust holes 49A is suppressed and, for
example, entry of foreign matter into the first arm 4 via the
liquid exhaust holes 492, 494, 496, 498 may be effectively
suppressed.

The relationship between R2 and R1 is not particularly
limited. When the numbers of the first, second liquid exhaust
holes 49A, 49B are the same, for example, 1.2<R2/R1<10is
preferable, 1.5<R2/R1<5.0 is more preferable, and 2.0<R2/
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R1<3.0 is even more preferable. Thereby, the above
described effects become more remarkable, and reduction of
the strength of the first arm 4 and entry of foreign matter into
the first arm 4 via the first, second liquid exhaust holes 49A,
49B due to excessive increase of the diameter R2 may be
effectively suppressed.

As described above, in the robot 1 of the embodiment, the
liquid exhaust holes 49 have the first liquid exhaust holes
49A unevenly distributed at the first portion 411 side in the
third portion 413 and the second liquid exhaust holes 49B
unevenly distributed at the second portion 412 side in the
third portion 413. Further, the diameter R2 of the second
liquid exhaust holes 49B is larger than the diameter R1 of
the first liquid exhaust holes 49A. Thereby, the liquid L
entering the internal space S may be effectively exhausted
via the liquid exhaust holes 49 to the outside of the first arm
4.

According to the second embodiment, the same effects as
those of the above described first embodiment may be
exerted.

Third Embodiment

FIG. 7 is the plan view showing the first arm of the robot
according to the third embodiment of the present disclosure.

The robot 1 according to the embodiment is the same as
that of the above described first embodiment except that the
configurations of the liquid exhaust holes 49 are different. In
the following description, the robot 1 of the third embodi-
ment will be explained with a focus on the differences from
the above described first embodiment and the explanation of
the same items will be omitted. Further, in FIG. 7, the same
configurations as those of the above described first embodi-
ment have the same signs.

As shown in FIG. 7, in the first arm 4 of the embodiment,
the number of the liquid exhaust holes 491, 493, 495, 497 as
the second liquid exhaust holes 49B is larger than the
number of the liquid exhaust holes 492, 494, 496, 498 as the
first liquid exhaust holes 49A. In the embodiment, twos of
the respective liquid exhaust holes 491, 493, 495, 497 are
provided and ones of the respective liquid exhaust holes 492,
494, 496, 498 are provided. That is, the number of the
second liquid exhaust holes 49B is eight and the number of
the first liquid exhaust holes 49A is four. Note that the
numbers of the first, second liquid exhaust holes 49A, 49B
are respectively not particularly limited.

As described above, the entry of the liquid L into the first
arm 4 is mainly from the coupling portion of the first portion
411 to the base 2 and the coupling portion of the second
portion 412 to the second arm 5. Particularly, the coupling
portion of the second portion 412 to the second arm 5 faces
upward in the vertical direction and, on the other hand, the
coupling portion of the first portion 411 to the base 2 faces
downward in the vertical direction. Accordingly, the liquid
L enters the inside from the coupling portion of the second
portion 412 to the second arm 5 more easier than that from
the coupling portion of the first portion 411 to the base 2.
The number of the second liquid exhaust holes 49B is made
larger than the number of the first liquid exhaust holes 49A
and the exhaust efficiency of the liquid exhaust holes 491,
493, 495, 497 as the second liquid exhaust holes 49B is
made higher, and thereby, the liquid L entering the internal
space S may be effectively exhausted to the outside of the
first arm 4. Further, the number of the liquid exhaust holes
492, 494, 496, 498 as the first liquid exhaust holes 49A
larger than necessary is suppressed and, for example, entry
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of foreign matter into the first arm 4 via the liquid exhaust
holes 492, 494, 496, 498 may be effectively suppressed.

When the number of second liquid exhaust holes 49B is
N2 and the number of first liquid exhaust holes 49A is N1,
the relationship between N1 and N2 is not particularly
limited. When the diameters R2, R1 are the same, for
example, 1.2<N2/N1<10 is preferable, 1.5=sN2/N1<5.0 is
more preferable, and 2.0=sN2/N1<3.0 is even more prefer-
able. Thereby, the above described effects become more
remarkable, and reduction of the strength of the first arm 4
and entry of foreign matter into the first arm 4 via the first,
second liquid exhaust holes 49A, 49B due to excessive
increase of the value of N2 may be effectively suppressed.

As described above, in the robot 1 of the embodiment, the
liquid exhaust holes 49 have the first liquid exhaust holes
49A unevenly distributed at the first portion 411 side in the
third portion 413 and the second liquid exhaust holes 49B
unevenly distributed at the second portion 412 side in the
third portion 413. Further, the number N2 of the second
liquid exhaust holes 49B is larger than the number N1 of the
first liquid exhaust holes 49 A. Thereby, the liquid L entering
the internal space S may be effectively exhausted via the
liquid exhaust holes 49 to the outside of the first arm 4.

According to the third embodiment, the same effects as
those of the above described first embodiment may be
exerted.

As above, the robot according to the present disclosure is
explained based on the illustrated embodiments, however,
the present disclosure is not limited to those. The configu-
rations of the respective parts may be replaced by arbitrary
configurations having the same functions. Or, another arbi-
trary configuration may be added. Or, the present disclosure
may be a combination of arbitrary two or more configura-
tions of the above described respective embodiments.

What is claimed is:

1. A robot comprising:

a base;

a first arm coupled to the base and rotating about a first

rotation axis; and
a second arm coupled to the first arm and rotating about
a second rotation axis, wherein

the first arm has a first connector coupled to the base, a
second connector coupled to the second arm, and a
frame segment connecting the first connector with the
second connector, the frame segment including a recess
defining an internal space, and

a liquid exhaust hole disposed in a bottom surface of the

recess in the frame segment, the liquid exhaust hole
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communicating between the internal space and an
outside of the first arm and exhausting a liquid entering
the internal space to the outside of the first arm, the
liquid exhaust hole tapering from a larger diameter on
an internal space side of the frame segment to a smaller
diameter on the outside of the frame segment.

2. The robot according to claim 1, wherein

the liquid exhaust hole is provided in a bottom part of the
third portion.

3. The robot according to claim 1, wherein

the third portion has a partitioning part that partitions the
internal space into a plurality of spaces, and

the liquid exhaust hole is provided with respect to each of
the plurality of spaces.

4. The robot according to claim 1, wherein

the third portion has a guide part that guides the liquid to
the liquid exhaust hole.

5. The robot according to claim 4, wherein

the guide part has an inclined surface inclined toward the
liquid exhaust hole.

6. The robot according to claim 4, wherein

the guide part has a groove leading the liquid to the liquid
exhaust hole.

7. The robot according to claim 1, wherein

the liquid exhaust hole is one of a plurality of liquid
exhaust holes, and

the plurality of liquid exhaust holes are unevenly distrib-
uted in the first portion side or the second portion side
in the third portion.

8. The robot according to claim 7, wherein

the plurality of liquid exhaust holes have first liquid
exhaust holes unevenly distributed in the first portion
side in the third portion and second liquid exhaust holes
unevenly distributed in the second portion side in the
third portion, and

a diameter of the second liquid exhaust holes is larger than
a diameter of the first liquid exhaust holes.

9. The robot according to claim 7, wherein

the plurality of liquid exhaust holes have first liquid
exhaust holes unevenly distributed in the first portion
side in the third portion and second liquid exhaust holes
unevenly distributed in the second portion side in the
third portion, and

a number of the second liquid exhaust holes is larger than
a number of the first liquid exhaust holes.
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