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(54) INSTALLING DEVICE AND ROBOT

(57) An installing device includes a connection mem-
ber and a linear motion support. The connection member
is disposed at a base end portion of a hollow arm having
a hollow extending in an extension direction in which the
hollow arm extends, and a linear object passing through

the hollow is connectable to the connection member. The
linear motion support supports the connection member
slidably in the extension direction relative to the hollow
arm.
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Description

BACKGROUND

FIELD OF THE INVENTION

[0001] The present invention relates to an installing de-
vice and a robot.

DISCUSSION OF THE BACKGROUND

[0002] JP 2018-122404A discloses a robot that in-
cludes a plurality of joints. The robot makes a motion by
driving the plurality of joints. At the leading end portion
of the robot, an end effector is mounted. The end effector
varies depending on the application in which the robot is
used, such as welding and holding, so that the robot is
capable of performing various kinds of work such as ma-
chining and moving of workpieces.
[0003] The end effector is connected with linear objects
such as cables, and these linear objects are guided from
the base of the robot to the end effector along the outer
surface of the robot.
[0004] The contents of JP 2018-122404A are incorpo-
rated herein by reference in their entirety.
[0005] In JP 2018-122404A, there is room for improve-
ment in service life of linear objects such as cables.
[0006] It is an object of embodiments of the present
invention to provide an installing device and a robot that
make linear objects’ service life longer.

SUMMARY

[0007] According to one aspect of the present inven-
tion, an installing device includes a connection member
and a linear motion support. The connection member is
disposed at a base end portion of a hollow arm having a
hollow extending in an extension direction in which the
hollow arm extends, and a linear object passing through
the hollow is connectable to the connection member. The
linear motion support supports the connection member
slidably in the extension direction relative to the hollow
arm.
[0008] According to another aspect of the present in-
vention, a robot includes a base, a first arm, a second
arm, a third arm, a fourth arm, and the above-described
installing device. The base is rotatable about a base axis
perpendicular to a ground surface. The first arm is sup-
ported by the base, and is turnable about a first axis per-
pendicular to the base axis. The second arm is supported
by a leading end portion of the first arm at a base end
portion of the second arm, and is turnable about a second
axis parallel to the first axis. The third arm is supported
by a leading end portion of the second arm at a base end
portion of the third arm, and is rotatable about a third axis
perpendicular to the second axis. The fourth arm is sup-
ported by a leading end portion of the third arm at a base
end portion of the fourth arm, and is turnable about a

fourth axis orthogonal to the third axis. The hollow arm
includes the second arm and the third arm.
[0009] The embodiments of the present invention pro-
vide an installing device and a robot that make linear
objects’ service life longer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete appreciation of the present
invention and many of the attendant advantages thereof
will be readily obtained as the same becomes better un-
derstood by reference to the following detailed descrip-
tion when considered in connection with the accompa-
nying drawings, wherein:

FIG. 1 illustrates an outline of an installing device
according to an embodiment;
FIG. 2 is a perspective view of a robot;
FIG. 3 is a side view of the robot;
FIG. 4 is a perspective view of the installing device;
FIG. 5A is a schematic illustrating a first example
arrangement of a rotatable support;
FIG. 5B is a schematic illustrating a second example
arrangement of the rotatable support;
FIG. 6 is a perspective view of an intermediate mem-
ber; and
FIG. 7 is a block diagram illustrating a configuration
of a robot system.

DESCRIPTION OF THE EMBODIMENTS

[0011] By referring to the accompanying drawings, an
installing device and a robot according to embodiments
will be described in detail below. It is noted that the fol-
lowing embodiments are provided for example purposes
only and are not intended in a limiting sense. While in
the following description the robot performs work using
an end effector to apply sealing material, application of
sealing material type of work is not intended as limiting
the type of work to be performed. Other examples of work
include, but are not limited to, picking, coating, and weld-
ing with respect to workpieces.
[0012] As used herein, the term "orthogonal" means,
in a broad sense, exactly orthogonal or approximately
orthogonal within some tolerance from exactly orthogo-
nal. As used herein, the term "perpendicular" means, in
a broad sense, exactly perpendicular or approximately
perpendicular within some tolerance from exactly per-
pendicular. As used herein, the term "parallel" means, in
a broad sense, exactly parallel or approximately parallel
within some tolerance from exactly parallel. As used
herein, the term "vertical" means, in a broad sense, ex-
actly vertical or approximately vertical within some toler-
ance from exactly vertical. As used herein, the term
"same" means, in a broad sense, exactly the same or
approximately the same within some tolerance from ex-
actly the same. As used herein, the term "identical"
means, in a broad sense, exactly identical or approxi-
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mately identical within some tolerance from exactly iden-
tical. As used herein, the term "equal" means, in a broad
sense, exactly equal or approximately equal within some
tolerance from exactly equal. As used herein, the phrase
"in line with" means, in a broad sense, exactly overlap-
ping or approximately overlapping within some tolerance
from exactly overlapping. Thus, these terms and phrase
are used taking into consideration production-related, in-
stallation-related, processing-related, and detection-re-
lated tolerances and errors.
[0013] An installing device 40 according to this embod-
iment will be outlined by referring to FIG. 1. FIG. 1 illus-
trates an outline of the installing device 40 according to
this embodiment. FIG. 1 corresponds to a side view of a
hollow arm 100.
[0014] For ease of understanding of the following de-
scription, FIG. 1 is appended with a three-dimensional
orthogonal coordinate system. In the coordinate system,
the vertically upward direction corresponds to the positive
direction of Z axis, and the extension direction of the hol-
low arm 100 is parallel to X axis. As used herein, the term
"extension direction" of the hollow arm 100 is intended
to include the direction toward the positive X side of the
length of the hollow arm 100 and the direction toward the
negative X side of the length of the hollow arm 100. The
direction of the X axis toward a base end portion of the
hollow arm 100 is the negative X direction, and the di-
rection of the X axis toward a leading end portion of the
hollow arm 100 is the positive X direction. As used herein,
the term "base end portion" of the hollow arm 100 is in-
tended to include the end of the hollow arm 100 on the
negative X side and a portion offset from and proximate
to the end of the hollow arm 100 on the negative X side.
As used herein, the term "leading end portion" of the hol-
low arm 100 is intended to include the end of the hollow
arm 100 on the positive X side and a portion offset from
and proximate to the end of the hollow arm 100 on the
positive X side. This orthogonal coordinate system may
also be illustrated in some other drawings referred to in
the following description.
[0015] As illustrated in FIG. 1, the installing device 40
is disposed at the base end portion of the hollow arm 100
(on the negative X side). The hollow arm 100 has a hollow
shape with a hollow 100c formed in the hollow arm 100
and extending in the extension direction of the hollow
arm 100.
[0016] Specifically, the hollow arm 100 has a hollow
cylindrical shape with the hollow 100c constituting the
inner surface of the hollow arm 100. As illustrated in FIG.
1, CL indicates the center line of the hollow arm 100. The
center line CL is parallel to the extension direction of the
hollow arm 100, that is, parallel to the X axis illustrated
in FIG. 1. A linear object 200 passes through the hollow
100c of the hollow arm 100.
[0017] As illustrated in FIG. 1, the installing device 40
includes a connection member 50 and a linear motion
support 60. The connection member 50 is connected with
the linear object 200. The linear motion support 60 slid-

ably supports the connection member 50. The linear ob-
ject 200 is an elastic hose through which a fluid such as
sealing material is flowable.
[0018] While in this embodiment the linear object 200
is a hose, a hose is not intended as limiting the linear
object 200. Other examples of the linear object 200 in-
clude, but are not limited to, a cable such as an electric
cable, a conduit cable (which is a combination of a plu-
rality of kinds of cables), and a cable for a welding wire
to pass through.
[0019] The connection member 50 is connected with
a base end portion of the linear object 200. As used here-
in, the term "base end portion" of the linear object 200 is
intended to include the end of the linear object 200 on
the negative X side and a portion offset from and proxi-
mate to the end of the linear object 200 on the negative
X side. Thus, the connection member 50 is disposed at
the base end portion of the hollow arm 100 (which in-
cludes the hollow 100c, which extends in the extension
direction (which is parallel to the X axis)), and is connect-
ed with the linear object 200, which passes through the
hollow arm 100.
[0020] The linear motion support 60 is disposed on the
end surface or a side surface of the hollow arm 100 at
the base end portion of the hollow arm 100, and supports
the connection member 50 slidably in the extension di-
rection (which is parallel to the X axis) relative to the
hollow arm 100. For reference purposes, FIG. 1 is ap-
pended with slide directions DS (which are parallel to the
X axis) of the connection member 50.
[0021] That is, the installing device 40 has a linear mo-
tion mechanism that makes a linear motion in the exten-
sion direction of the hollow arm 100. In this embodiment,
the linear motion support 60 corresponds to a linear
guide, and the connection member 50 corresponds to a
slider. It is to be noted that details of the installing device
40 will be described later by referring to FIG. 4.
[0022] When the linear object 200 is a hose (as in this
embodiment), the hose may expand radially when the
pressure of the internal fluid increases, resulting in a
shortened total length of the hose. When the pressure of
the internal fluid lowers, the hose contracts radially, mak-
ing the total length of the hose back to its total length.
That is, the hose is expandable and contractable in its
length directions depending on the pressure of the fluid
flowing through the hose.
[0023] In some applications, the hose may be fixed at
both ends so that the hose is kept at a length small
enough to keep the hose unloosened. When the pressure
of the fluid in such hose keeps changing, the hose is
constantly exposed to a force of making the hose expand
and contract. This may cause fatigue to accumulate in
the hose, occasionally resulting in a cracked or ruptured
hose.
[0024] In light of this, the installing device 40 is provided
with the connection member 50, which is slidable in di-
rections parallel to the length of the linear object 200. By
making the connection member 50 slide appropriately
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based on expansion and contraction of the hose, the
force involved with the expansion and contraction of the
hose is minimized, making the hose’s service life longer.
[0025] While in this embodiment the linear object 200
is a hose that is expandable and contractable in the length
direction of the hose (which is the direction in which the
hose extends), the linear object 200 may be a non-elastic
or less elastic object. For example, when the linear object
200 is a non-elastic object, the linear object 200 may
equally be exposed to external force (such as twisting,
or tension and/or pressing at a leading end portion of the
linear object 200) in the length direction of the linear ob-
ject 200. As used herein, the term "length direction" of
the linear object 200 is intended to include the direction
toward the positive X side of the length of the linear object
200 and the direction toward the negative X side of the
length of the linear object 200.
[0026] Even in this case, the external force acting on
the linear object 200 is released by the installing device
40 with the connection member 50, which is freely slid-
able in the length direction of the linear object 200. This
makes the linear object 200’s service life longer.
[0027] It is to be noted that the installing device 40 may
include a rotation mechanism that is rotatable about a
rotation axis parallel to the extension direction of the hol-
low arm 100, which will be described later by referring to
FIGs. 4, 5A, and 5B. It is also to be noted that the installing
device 40 may include an intermediate mechanism that
connects the linear object 200 to a leading end portion
of the hollow arm 100, which will be described later by
referring to FIG. 6. As used herein, the term "leading end
portion" of the hollow arm 100 is intended to include the
end of the hollow arm 100 on the positive X side and a
portion offset from and proximate to the end of the hollow
arm 100 on the positive X side.
[0028] By referring to FIG. 2, description will be made
with regard to an example configuration of a robot to
which the installing device 40 illustrated in FIG. 1 is ap-
plicable. FIG. 2 is a perspective view, from a diagonally
upward position, of a robot 10. In FIG. 2, the installing
device 40 illustrated in FIG. 1 is omitted.
[0029] As illustrated in FIG. 2, the robot 10 is a "vertical
multi-articular robot" having seven axes, namely, vertical
axis A0, first axis A1, second axis A2, third axis A3, fourth
axis A4, fifth axis A5, and sixth axis A6. Also, the robot
10 includes (in increasing order of distance from the base
end) a base 10B, a turnable member 10S, a first arm 11,
a second arm 12, a third arm 13, a fourth arm 14, and a
wrist 15. As used herein, the term "base end portion" of
each of the elements of the robot 10 (including the above-
described elements) is intended to include the end of the
element on the side closer to the base 10B and a portion
offset from and proximate to the end of the element on
the side closer to the base 10B. As used herein, the term
"leading end portion" of each of the elements of the robot
10 (including the above-described elements) is intended
to include the end of the element on the side closer to
the wrist 15 and a portion offset from and proximate to

the end of the element on the side closer to the wrist 15.
[0030] As illustrated in FIG. 2, the third arm 13 and the
fourth arm 14 each have a "two-forked shape" at the lead-
ing end portion of each arm. The two-forked shape has
an "open space". With the robot 10 taking the posture
illustrated in FIG. 2, the open space is open in at least
one of the vertical directions (directions parallel to the Z
axis). That is, the third arm 13 and the fourth arm 14 each
have an open space that is open in one of the radial
directions of each arm perpendicular to the extension
direction in which each arm extends.
[0031] As illustrated in FIG. 2, the fourth arm 14 also
has a "two-forked shape" at the base end portion of the
fourth arm 14. By forming the base end portion of the
fourth arm 14 in a two-forked shape, the two-forked shape
at the leading end portion of the third arm 14 faces the
two-forked shape at the base end portion of the fourth
arm 14. This enlarges the open space of the third arm 13.
[0032] Also, the wrist 15 has a two-forked shape at a
base end portion of the wrist 15. By forming the base end
portion of the wrist 15 in a two-forked shape, the two-
forked shape at a leading end portion of the fourth arm
14 faces the two-forked shape at the base end portion
of the wrist 15. This enlarges the open space of the fourth
arm 14.
[0033] The second arm 12 has a second through hole
12c. The second through hole 12c extends along the third
axis A3. The opening of the second through hole 12c at
its base end portion (end portion on the negative X side)
is an opening 12cb, and the opening of the second
through hole 12c at its leading end portion (end portion
on the positive X side) is an opening 12ca. The second
through hole 12c has a center line that is preferably iden-
tical to the third axis A3.
[0034] The third arm 13 has a third through hole 13c.
The third through hole 13c extends along the third axis
A3. The opening of the third through hole 13c at its base
end portion (end portion on the negative X side) is an
opening 13cb, and the opening of the third through hole
13c at its leading end portion (end portion on the positive
X side) is an opening 13ca. The third through hole 13c
has a center line that is preferably identical to the third
axis A3.
[0035] The second arm 12 and the third arm 13 corre-
spond to the hollow arm 100 illustrated in FIG. 1, and the
second through hole 12c and the third through hole 13c
correspond to the hollow 100c illustrated in FIG. 1.
[0036] A configuration of the robot 10 will be described
in more detail below. The base 10B is disposed on an
installation surface such as a floor surface. The turnable
member 10S is supported by the base 10B and is rotat-
able about the vertical axis A0, which is perpendicular to
the installation surface (the vertical axis A0 is a non-lim-
iting example of the base axis recited in the appended
claims). The first arm 11 is supported by the turnable
member 10S and is turnable about the first axis A1, which
is perpendicular to the vertical axis A0. The second arm
12 is supported by the first arm 11 and is turnable about
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the second axis A2, which is parallel to the first axis A1.
[0037] The third arm 13 is, at its base end portion, sup-
ported by the second arm 12 and is rotatable about the
third axis A3, which is perpendicular to the second axis
A2. The third arm 13 includes a third main portion 13a
and two third extensions 13b. The third main portion 13a
has the third through hole 13c, which extends along the
third axis A3. The two third extensions 13b are disposed
at positions on the third main portion 13a offset from the
opening 13ca of the third through hole 13c, and extend
toward a leading end portion of the robot 10 along the
third axis A3.
[0038] Specifically, as illustrated in FIG. 2, the two third
extensions 13b are arranged such that the opening 13ca
is located between the two third extensions 13b. By pro-
viding two third extensions 13b, the fourth arm 14 is sup-
ported by a double cantilever structure formed by the two
third extensions 13b. In another possible embodiment,
one of the two third extensions 13b is omitted, that is, the
third arm 13 has a single cantilever structure.
[0039] The fourth arm 14 is, at its base end portion,
supported by the leading end portion of the third arm 13
and is turnable about the fourth axis A4, which is orthog-
onal to the third axis A3. The fourth arm 14 includes a
fourth main portion 14a and two fourth extensions 14b.
The fourth main portion 14a has a fourth through hole
14c. The fourth through hole 14c extends along the third
axis A3 with the fourth arm 14 taking such a posture that
the fifth axis A5 is on the third axis A3.
[0040] The opening of the fourth through hole 14c at
its base end portion (end portion on the negative X side)
is an opening 14cb, and the opening of the fourth through
hole 14c at its leading end portion (end portion on the
positive X side) is an opening 14ca. The fourth through
hole 14c has a center line that is preferably identical to
the third axis A3 with the fourth arm 14 taking the posture
illustrated in FIG. 2. The two fourth extensions 14b are
arranged at positions on the fourth main portion 14a offset
from the opening 14ca of the fourth through hole 14c,
and extend toward the leading end portion of the robot
10 along the third axis A3.
[0041] Specifically, as illustrated in FIG. 2, the two
fourth extensions 14b are arranged such that the opening
14ca is located between the two fourth extensions 14b.
By providing two fourth extensions 14b, the wrist 15 is
supported by a double cantilever structure formed by the
two fourth extensions 14b. In another possible embodi-
ment, one of the two fourth extensions 14b is omitted,
that is, the fourth arm 14 has a single cantilever structure.
[0042] The wrist 15 includes a turnable member 15a
and a rotatable member 15b. The turnable member 15a
is, at its base end portion, supported by the leading end
portion of the fourth arm 14 and is turnable about the fifth
axis A5, which is parallel to the fourth axis A4. The rotat-
able member 15b is, at its base end portion, supported
by a leading end portion of the turnable member 15a and
is rotatable about the sixth axis A6, which is orthogonal
to the fifth axis A5.

[0043] The wrist 15 has a through hole 15c. The
through hole 15c extends along the third axis A3 with the
wrist 15 taking such a posture that the third axis A3 and
the sixth axis A6 are in line with each other. An end ef-
fector is mounted on a leading end portion of the wrist
15 (that is, at a leading end portion of the rotatable mem-
ber 15b) in an attachable and detachable manner. The
end effector can be varied depending on the type of work
that the robot 10 performs.
[0044] The ratio between the distance between the
second axis A2 and the fourth axis A4 in the X axis di-
rection and the distance between the fourth axis A4 and
the fifth axis A5 in the X axis direction is preferably in the
range between "2 : 1" and "4 : 1". More preferably, the
ratio is approximately "3 : 1". This is because if the dis-
tance between the fourth axis A4 and the fifth axis A5 is
too short relative to the distance between the second axis
A2 and the fourth axis A4, the reachable range of the
wrist 15 may become narrow in a small space.
[0045] By referring to FIG. 3, a side profile of the robot
10 will be described. FIG. 3 is a side view of the robot
10. It is to be noted that the posture of the robot 10 illus-
trated in FIG. 3 is identical to the posture of the robot 10
illustrated in FIG. 2. It is also to be noted that the elements
of the robot 10 illustrated in FIG. 3 are the leading end
portion of the first arm 11 and the elements closer to the
leading end portion of the robot 10 than the leading end
portion of the first arm 11. FIG. 3 also illustrates the in-
stalling device 40 illustrated in FIG. 1. It is also to be
noted that the elements of the robot 10 that have already
been described by referring to FIG. 2 will not be elabo-
rated upon again here.
[0046] The robot 10 is capable of taking the posture
illustrated in FIG. 3. Specifically, the third axis A3 and
the sixth axis A6 are in line with each other, and the fourth
axis A4 and the fifth axis A5 are on the line formed by
the third axis A3 and the sixth axis A6. At a base end
portion of the second arm 12, the linear motion support
60 is disposed. The linear motion support 60 supports
the connection member 50, to which the base end portion
of the linear object 200 is connected. The connection
member 50 is capable of making a linear motion freely
in the extension direction of the hollow arm 100 (the sec-
ond arm 12 and the third arm 13).
[0047] The linear object 200 passes through the hollow
100c of the hollow arm 100 (the second through hole 12c
and the third through hole 13c). An intermediate member
70 is disposed at a leading end portion of the third through
hole 13c of the third arm 13. A base end portion of the
intermediate member 70 is connected with the leading
end portion of the linear object 200. Also, a leading end
portion of the intermediate member 70 is connected with
a base end portion of a second linear object 201. The
second linear object 201 extends toward the end effector
connected to the wrist 15. A leading end portion of the
second linear object 201 is connected to the end effector.
A configuration of the intermediate member 70 will be
described later by referring to FIG. 6.
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[0048] Thus, the hose connected to the end effector is
divided by the intermediate member 70 into the linear
object 200 and the second linear object 201. This ensures
that a member having properties suitable for the linear
object 200 can be selectively used, and that a member
having properties suitable for the second linear object
201 can be selectively used.
[0049] For example, the linear object 200 may be made
of a hard-to-bend material since the hollow arm 100,
through which the linear object 200 passes, is not bend-
able. In contrast, the second linear object 201 may be
made of an easy-to-bend material since the fourth arm
14 and the wrist 15, through which the second linear ob-
ject 201 passes, are bendable when the fourth arm 14
and the wrist 15 turn respectively about the fourth axis
A4 and the fifth axis A5. It is to be noted that the linear
object 200 and the second linear object 201 may be made
of materials that are identical in size, material, and/or
property.
[0050] In another possible embodiment, it is possible
to omit the intermediate member 70 and route a single
linear object 200 from the installing device 40 to the end
effector. In still another possible embodiment, the inter-
mediate member 70 may have a through hole larger in
outer diameter than the linear object 200, and have such
a function as to guide the movement of the linear object
200 in the X axis direction and the rotation of the linear
object 200 about the X axis.
[0051] When the fourth arm 14 and/or the wrist 15 turn,
the linear object 200 may be pulled in a direction away
from the installing device 40 or pressed in a direction
toward the installing device 40. In light of this, the con-
nection member 50 of the installing device 40 makes a
slide movement to release the external force acting on
the linear object 200, as described above, making the
linear object 200’s service life longer.
[0052] Also as described above by referring to FIG. 3,
the second linear object 201, which is separate from the
linear object 200, is used as well as the linear object 200.
The second linear object 201 is bendable gently in such
a manner that the second linear object 201 protrudes out
of the robot 10, because of the above-described open
spaces provided at the leading end portion of the third
arm 13 and at the base and leading end portions of the
fourth arm 14. This prevents the second linear object 201
from being forcibly bent, making the second linear object
201’s service life longer.
[0053] In the following description, the third arm 13 and
the fourth arm 14 will occasionally be referred to as "open
arm". The second linear object 201 passes through the
open arm that is turnable relative to the hollow arm 100
and that is open in at least one of the radial directions of
the open arm perpendicular to the extension direction in
which the open arm extends. Providing the second linear
object 201 in the open arm prevents the second linear
object 201 from being forcibly bent, making the second
linear object 201’s service life longer.
[0054] The installing device 40 will be described by re-

ferring to FIG. 4. FIG. 4 is a perspective view of the in-
stalling device 40. As described above by referring to
FIG. 1, the linear motion support 60 of the installing de-
vice 40 is disposed at the base end portion of the hollow
arm 100.
[0055] As illustrated in FIG. 4, the installing device 40
includes the connection member 50 and the linear motion
support 60. The linear motion support 60 supports the
connection member 50 slidably in slide directions DS.
The connection member 50 includes a slider 51, a sup-
port 52, a body 53, two connection ports 55, and two
base-end connection ports 56.
[0056] While in FIG. 4 two connection ports 55 and two
base-end connection ports 56 are provided, a single con-
nection port 55 and a single base-end connection port
56 may be provided, or three or more connection ports
55 and three or more base-end connection ports 56 may
be provided. In the following description, the two connec-
tion ports 55 will be occasionally distinguished from each
other by referring to one connection port as connection
port 55A and referring to the other connection port as
connection port 55B. Likewise, the two base-end con-
nection ports 56 will be occasionally distinguished from
each other by referring to one base-end connection port
as base-end connection port 56A and referring to the
other base-end connection port as base-end connection
port 56B.
[0057] The slider 51 is slidable in the slide directions
DS (toward the positive X side and the negative X side)
relative to the linear motion support 60. As described
above, the linear motion support 60 is a linear guide in
this embodiment. The support 52 stands on the slider 51
and supports the body 53.
[0058] As illustrated in FIG. 4, the body 53 has a rec-
tangular parallelepiped shape. The connection ports 55
are disposed on the front surface of the body 53 facing
the hollow arm 100 (see FIG. 1). The base-end connec-
tion ports 56 are disposed on a side surface of the body
53. It is to be noted that the base-end connection ports
56 may be disposed on a side surface of the body 53
different from the side surface illustrated in FIG. 4, or may
be disposed on the rear surface of the body 53.
[0059] The connection ports 55 each have a through
hole penetrating through each connection port 55, and
the base-end connection ports 56 each have a through
hole penetrating through each base-end connection port
56. The body 53 includes two internal conduits disposed
in the body 53. One of the internal conduits connects the
through hole of the connection port 55A and the through
hole of the base-end connection port 56A to each other.
The other internal conduit connects the through hole of
the connection port 55B and the through hole of the base-
end connection port 56B to each other. The connection
port 55A is connected with one linear object 200, and the
connection port 55B is connected with another linear ob-
ject 200. The base-end connection port 56A is connected
with a third linear object 202, and the base-end connec-
tion port 56B is connected with another third linear object
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202.
[0060] Thus, the hoses connected to the end effector
are divided by the connection member 50 into the linear
object 200 and the third linear object 202. This ensures
that a member having properties suitable for the linear
object 200 can be selectively used, and that a member
having properties suitable for the third linear object 202
can be selectively used. It is to be noted that the linear
object 200 and the third linear object 202 may be made
of materials that are identical in size, material, and/or
property.
[0061] Each connection port 55 includes a fixed mem-
ber 55a and a rotatable member 55b. The fixed member
55a is fixed to the body 53. The rotatable member 55b
is rotatable freely about a rotation axis CC relative to the
fixed member 55a (see rotation directions DR illustrated
in FIG. 4). The connection port 55, which corresponds to
the "rotatable support" recited in the appended claims,
supports the linear object 200 rotatably about an axis
parallel to the third axis A3 illustrated in FIG. 2 (the third
axis A3 corresponds to the rotation axis recited in the
appended claims). In the following description, the con-
nection port 55 provided with the rotatable member 55b
will occasionally be referred to as "swivel".
[0062] The rotation axis CC is preferably parallel to the
slide directions DS. When there is only a single connec-
tion port 55 provided, the rotation axis CC is preferably
in line with the center line CL illustrated in FIG. 1 and/or
the third axis A3 illustrated in FIG. 2. The base-end con-
nection port 56 may have a configuration similar to the
configuration of the connection port 55, or a rotation
mechanism may be omitted from the base-end connec-
tion port 56.
[0063] Providing the connection port 55 to serve as a
rotatable support minimizes the force acting on the linear
object 200 when the linear object 200 are rotated or twist-
ed, making the linear object 200’s service life longer.
[0064] In applications in which sealing material is used
and caused to flow through the linear objects 200 and
the third linear objects 202, the line including the connec-
tion port 55A and the base-end connection port 56A may
be used to supply the sealing material to the end effector,
and the line including the connection port 55B and the
base-end connection port 56B may be used to collect the
sealing material from the end effector.
[0065] It is to be noted that the shape of the installing
device 40 illustrated in FIG. 4 has been provided for ex-
emplary purposes; the installing device 40 may have any
other shape insofar as the installing device 40 is provided
with a mechanism to make a linear motion in the slide
directions DS relative to the hollow arm 100.
[0066] By referring to FIGs. 5A and 5B, description will
be made with regard to an example arrangement of the
connection ports 55 (rotatable supports 55). FIG. 5A is
a view of the rotatable support 55 from the hollow arm
100 (see FIG. 1),schematically illustrating a first example
arrangement of the rotatable support 55. FIG. 5B is a
view of the rotatable supports 55 from the hollow arm

100, schematically illustrating a second example ar-
rangement of the rotatable supports 55.
[0067] As illustrated in FIG. 5A, when a single rotatable
support (connection port) 55 is provided, the rotatable
support (connection port) 55 is preferably arranged such
that the rotation axis of CC of the rotatable support (con-
nection port) 55 is in line with the third axis A3 illustrated
in FIG. 2. This enhances the effect of restraining twisting
of the linear object 200 (see FIG. 4). It is to be noted that
the rotation axis CC and the third axis A3 may be offset
from each other by a predetermined distance.
[0068] As illustrated in FIG. 5B, when two rotatable
supports (connection ports) 55 are provided, the rotata-
ble supports (connection ports) are preferably arranged
such that the rotation axes of CC of the rotatable supports
(connection ports) 55 are on the circumference of circle
C, whose center is the third axis A3 illustrated in FIG. 2.
[0069] This ensures that the two rotatable supports
(connection ports) 55 are at the same distance from the
third rotation axis A3. This, in turn, minimizes the maxi-
mum value of the force acting on each of the linear objects
200 when the linear objects 200 are twisted. As a result,
the linear object 200’s service life becomes longer. It is
to be noted that the center of the circle C and the third
axis A3 may be offset from each other by a predetermined
distance.
[0070] While in FIG. 5B the rotation axes CC of the two
connection ports 55 are on the circle C, the connection
ports 55 may be arranged such that each connection port
55 at least overlaps the circumference of the circle C.
Even in this case, the connection ports 55 are approxi-
mately at the same distance from the center of the circle
C.
[0071] As illustrated in FIG. 5B, two rotatable supports
55 are provided. In this case, the rotatable supports 55
are preferably arranged to face each other across the
center of the circle C, as illustrated in FIG. 5B. When
three or more rotatable supports 55 are provided, the
rotatable supports 55 are preferably arranged at equal
intervals on the circumference of the circle C.
[0072] By referring to FIG. 6, the intermediate member
70 illustrated in FIG. 3 will be described. FIG. 6 is a per-
spective view of the intermediate member 70. It is to be
noted that as illustrated in FIG. 3, the intermediate mem-
ber 70 is disposed at the leading end portion of the hollow
arm 100. That is, the intermediate member 70 is con-
nected with the leading end portion of the linear object
200. It is to be noted that the installing device 40 may be
regarded as including the intermediate member 70 illus-
trated in FIG. 6, as well as the connection member 50
and the linear motion support 60.
[0073] As illustrated in FIG. 6, the intermediate mem-
ber 70 includes a body 71. The body 71 has a circular
plate shape. The body 71 includes connection ports 75
and leading-end connection ports 76. The connection
ports 75 are disposed at a base end portion (end portion
on the negative X side) of the body 71, and the leading-
end connection ports 76 are disposed at a leading end
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portion (end portion on the positive X side) of the body 71.
[0074] While in FIG. 6 two connection ports 75 and two
leading-end connection ports 76 are provided, a single
connection port 75 and a single leading-end connection
port 76 may be provided, or three or more connection
ports 75 and three or more leading-end connection ports
76 may be provided. In the following description, the two
connection ports 75 will be occasionally distinguished
from each other by referring to one connection port as
connection port 75A and referring to the other connection
port as connection port 75B. Likewise, the two leading-
end connection ports 76 will be occasionally distin-
guished from each other by referring to one leading-end
connection port as leading-end connection port 76A and
referring to the other leading-end connection port as 76B.
[0075] The connection ports 75 each have a through
hole penetrating through each connection port 75, and
the leading-end connection ports 76 each have a through
hole penetrating through each leading-end connection
port 76. The body 71 includes two internal conduits dis-
posed in the body 71. One of the internal conduits con-
nects the through hole of the connection port 75A and
the through hole of the leading-end connection port 76A
to each other. The other internal conduit connects the
through hole of the connection port 75B and the through
hole of the leading-end connection port 76B to each oth-
er. Also, the connection port 75A is connected with the
one linear object 200, and the connection port 75B is
connected with the other linear object 200. The leading-
end connection port 76A is connected with the one sec-
ond linear object 201, and the leading-end connection
port 76B is connected with the other second linear object
201.
[0076] The body 71 covers the opening 13ca of the
third through hole 13c of the hollow 100c illustrated in
FIG. 2. Thus, the intermediate member 70 is disposed
at the leading end portion of the hollow arm 100; is con-
nected with the linear objects 200 at a base end portion
of the intermediate member 70; and is connected with
the second linear objects 201 (which extend toward the
end effector) at a leading end portion of the intermediate
member 70.
[0077] Thus, the hose connected to the end effector is
divided by the intermediate member 70 into the linear
object 200 and the second linear object 201. This ensures
that a member having properties suitable for the linear
object 200 can be selectively used, and that a member
having properties suitable for the second linear object
201 can be selectively used. It is to be noted that the
linear object 200 and the second linear object 201 may
be made of materials that are identical in size, material,
and/or property.
[0078] The connection port 75A is connected with the
leading end portion of the one linear object 200, whose
base end portion is connected with the connection port
55A as illustrated in FIG. 4. The connection port 75B is
connected with the leading end portion of the other linear
object 200, whose base end portion is connected with

the connection port 55B as illustrated in FIG. 4. The con-
nection port 75A and the connection port 75B preferably
have a positional relationship similar to the positional re-
lationship between the connection port 55A and the con-
nection port 55B. When a single connection port 75 is
provided, the connection port 75 is preferably arranged
in a manner similar to the manner illustrated in FIG. 5A.
When two connection ports 75 are provided, the two con-
nection ports 75 are preferably arranged in a manner
similar to the manner illustrated in FIG. 5B.
[0079] Each connection port 75 includes a rotation
mechanism similar to the rotation mechanism of each
connection port 55. It is to be noted that the connection
ports 75 may be made of a material that is similar to or
the same as the material of the connection ports 55. The
same applies to the leading-end connection ports 76, ex-
cept that each leading-end connection port 76 may not
necessarily be provided with a rotation mechanism. It is
to be noted that the body 71 itself may be provided with
a rotation mechanism that is rotatable about an axis par-
allel to the X axis.
[0080] By referring to FIG. 7, a configuration of a robot
system 1 according to this embodiment will be described.
FIG. 7 is a block diagram illustrating a configuration of
the robot system 1. As illustrated in FIG. 7, the robot
system 1 includes the robot 10 and a controller 500. The
robot 10 is connected to the controller 500. It is to be
noted that a plurality of robots 10 may be connected to
the controller 500.
[0081] The controller 500 includes a control part 510
and a storage part 520. The control part 510 includes a
receiving part 511 and a motion control part 512. The
storage part 520 stores teaching information 521. While
in FIG. 7 a single controller 500 is provided, it is possible
to use a plurality of controllers 500 when a plurality of
robots 10 are provided, so that the plurality of controllers
500 perform motion control of the plurality of respective
robots 10. In this case, it is possible to provide an upper-
level controller that controls over the plurality of control-
lers 500.
[0082] The controller 500 includes a computer and var-
ious circuits. The computer includes a central processing
unit (CPU), a read only memory (ROM), a random access
memory (RAM), a hard disk drive (HDD), and input-out-
put ports.
[0083] The CPU of the computer reads programs
stored in the ROM and executes the programs to serve
the functions of the receiving part 511 and the motion
control part 512 of the control part 510. Also, at least one
or all of the receiving part 511 and the motion control part
512 may be implemented by hardware such as ASIC
(Application Specific Integrated Circuit) and FPGA (Field
Programmable Gate Array).
[0084] The storage part 520 corresponds to the RAM
and/or the HDD. The RAM and the HDD are capable of
storing the teaching information 521. It is to be noted that
the controller 500 may obtain the above-described pro-
grams and various kinds of information from another
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computer connected to the controller 500 through a wired
or wireless network or from a portable recording medium.
Further, there may be provided a plurality of controllers
500 communicative to each other, as described above,
or a plurality of controllers 500 may be implemented in a
hierarchical configuration in which one controller 500 is
communicative to a higher or lower controller 500.
[0085] The control part 510 performs motion control of
the robot 10. When a plurality of controllers 500 are pro-
vided, the control part 510 may also perform processing
of synchronizing the controllers 500.
[0086] The receiving part 511 receives information in-
dicating the presence and absence of a workpiece and/or
indicating the shape of a workpiece, and receives infor-
mation indicating a work position. Based on the informa-
tion that has been received, the receiving part 511 de-
termines the motion timing at which the robot 10 makes
a motion, and/or determines details of the motion. Then,
the receiving part 511 notifies the motion timing and the
details of the motion to the motion control part 512. For
example, the receiving part 511 obtains the timing at
which a workpiece is placed at a predetermined position.
Then, the receiving part 511 instructs the motion control
part 512 to cause the robot 10 to make the motion at the
timing that has been obtained.
[0087] In response to the instruction from the receiving
part 511, the motion control part 512 controls the robot
10 to make the motion based on the teaching information
521. The motion control part 512 improves the accuracy
of the motion of the robot 10 by, for example, performing
feedback control using encoder values from actuators,
such as motors, that serve as motive power sources of
the robot 10. The teaching information 521 is prepared
in the teaching stage, in which the robot 10 is taught the
motion, and includes "jobs" that constitute a program de-
fining a motion path of the robot 10.
[0088] As has been described hereinbefore, the install-
ing device 40 according to this embodiment includes the
connection member 50 and the linear motion support 60.
The connection member 50 is disposed at the base end
portion of the hollow arm 100. The hollow arm 100 in-
cludes the hollow 100c, which extends in the extension
direction of the hollow arm 100. To the connection mem-
ber 50, the linear object 200, which passes through the
hollow arm 100, is connected. The linear motion support
60 supports the connection member 50 slidably in the
extension direction of the hollow arm 100 relative to the
hollow arm 100. Thus, the connection member 50 of the
installing device 40 is slidable in the extension direction
of the hollow arm 100. This configuration minimizes the
force acting on the linear object 200. As a result, the
installing device 40 according to this embodiment makes
the linear object 200’s service life longer.
[0089] As has been described hereinbefore, the robot
10 according to this embodiment includes the base 10B,
the first arm 11, the second arm 12, the third arm 13, the
fourth arm 14, and the above-described installing device
40. The base 10B is rotatable about the vertical axis A0,

which is perpendicular to the ground surface. The first
arm 11 is supported by the base 10B and is turnable
about the first axis A1, which is perpendicular to the ver-
tical axis A0. The second arm 12 is, at its base end por-
tion, supported by the leading end portion of the first arm
11, and is turnable about the second axis A2, which is
parallel to the first axis A1. The third arm 13 is, at its base
end portion, supported by the leading end portion of the
second arm 12, and is rotatable about the third axis A3,
which is orthogonal to the second axis A2. The fourth
arm 14 is, at its base end portion, supported by the lead-
ing end portion of the third arm 13, and is turnable about
the fourth axis A4, which is orthogonal to the third axis
A3. The hollow arm 100 corresponds to the second arm
12 and the third arm 13. Providing the robot 10 with the
installing device 40 results in the robot 10 making the
linear object 200’s service life longer.
[0090] While in the above-described embodiment the
robot 10 is described as a seven-axis robot, the robot 10
may be a robot having eight or more axes or a robot
having equal to or less than six axes. Also, the installing
device 40 may be applied to structures other than the
robot 10.
[0091] Obviously, numerous modifications and error of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the present invention may
be practiced otherwise than as specifically described
herein.

1 Robot system
10 Robot
10B Base
10S Rotatable member
11 First arm
12 Second arm
12c Second through hole
12ca, 12cb Opening
13 Third arm
13a Third main portion
13b Third extension
13c Third through hole
13ca, 13cb Opening
14 Fourth arm
14a Fourth main portion
14b Fourth extension
14c Fourth through hole
14ca, 14cb Opening
15 Wrist
15a Turnable member
15b Rotatable member
15c Through hole
40 Installing device
50 Connection member
51 Slider
52 Support
53 Body
55 Connection port (rotatable support)
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55a Fixed member
55b Rotatable member
56 Base-end connection port
60 Linear motion support
70 Intermediate member
71 Body
75 Connection port
76 Leading-end connection port
100 Hollow arm
100c Hollow
200 Linear object
201 Second linear object
202 Third linear object
500 Controller
510 Control part
511 Receiving part
512 Motion control part
520 Storage part
521 Teaching information
A0 Vertical axis
A1 First axis
A2 Second axis
A3 Third axis
A4 Fourth axis
A5 Fifth axis
A6 Sixth axis
C Circle
CL Center line
CC Rotation axis
DR Rotation direction
DS Slide direction

Claims

1. An installing device (40), characterized by:

a connection member (50) which is disposed at
a base end portion of a hollow arm having a hol-
low extending in an extension direction in which
the hollow arm extends and to which at least one
linear object passing through the hollow is con-
nectable; and
a linear motion support (60) supporting the con-
nection member (50) slidably in the extension
direction relative to the hollow arm.

2. The installing device (40) according to claim 1,
wherein the linear object comprises a hose that is
expandable and contractable in a length direction of
the hose based on a pressure of a fluid disposed in
the hose.

3. The installing device (40) according to claim 1 or 2,
wherein a leading end portion of the hollow arm is
rotatable about a rotation axis of the hollow arm ex-
tending in the extension direction, and
wherein the connection member (50) comprises a

rotatable support (55) supporting the linear object
rotatably about an axis parallel to the rotation axis.

4. The installing device (40) according to any of the
preceding claims,
wherein the at least one linear object is a plurality of
linear objects, and
wherein the connection member (50) comprises a
plurality of connection ports (50) respectively con-
nectable to the plurality of linear objects and dis-
posed at equal distances from the rotation axis.

5. The installing device (40) according to any one of
claims 1 to 4, further comprising an intermediate
member (70) disposed at a leading end portion of
the hollow arm,
wherein the one of the at least one linear objects is
connectable to a base end portion of the intermediate
member (70), and
wherein a second linear object extending toward an
end effector of the hollow arm is connectable to a
leading end portion of the intermediate member (70).

6. The installing device (40) according to claim 5,
wherein the second linear object is passable through
an open arm that is turnable relative to the hollow
arm and that is open on at least one surface of the
open arm in a radial direction perpendicular to an
extension direction in which the open arm extends.

7. A robot (10), characterized by:

a base (10B) rotatable about a base axis per-
pendicular to a ground surface;
a first arm (11) supported by the base (10B) and
turnable about a first axis perpendicular to the
base axis;
a second arm (12) supported by a leading end
portion of the first arm (11) at a base end portion
of the second arm (12) and turnable about a sec-
ond axis parallel to the first axis;
a third arm (13) supported by a leading end por-
tion of the second arm (12) at a base end portion
of the third arm (13) and rotatable about a third
axis perpendicular to the second axis;
a fourth arm (14) supported by a leading end
portion of the third arm (13) at a base end portion
of the fourth arm (14) and turnable about a fourth
axis orthogonal to the third axis; and
the installing device (40) according to any one
of claims 1 to 6,
wherein the hollow arm comprises the second
arm (12) and the third arm (13).
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