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DESCRIPTION

END EFFECTOR AND MEMBER MOUNTING METHOD
Field
[0001] The present invention relates to an end effector
and a member mounting method suitable for mounting a
hanging bolt during a ceiling construction, for example.
Background
[0002] During conventional constructions of a ceiling of
a building, construction works such as mounting of ceiling
hanging bolts or ceiling boards are performed. Such
construction works are done manually by workers facing
upwards, with the use of an elevated work platform vehicles
or scaffolding. Generally, ceiling hanging bolts need to
be mounted in a large quantity, so the workers need to
repeat the process of moving the scaffolding or the like,
and fastening a bolt many times at high places.
[0003] To alleviate such burdens of workers, the
applicant of this patent application has disclosed a
construction robot in Patent Literature 1. This
construction robot is designed to insert a hanging bolt
(male screw) into an insert (female screw), and to fix the
ceiling-hanging member.
Citation List
Patent Literature
[0004] Patent Literature 1: Japanese Patent Application
Laid-open No. 2017-110466
Summary
Technical Problem
[0005] In order to improve the work efficiency of the
construction robot disclosed in Patent Literature 1, there
has been a need for reducing the time required in the
operation of guiding the tip of a hanging bolt to a

position where an insert is mounted, and inserting the
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hanging bolt held thereby into the insert.

[0006] An object of the present invention is to provide
an end effector and a member mounting method for performing
an operation of holding a threaded member, and inserting
the threaded member into a threaded hole member,
efficiently.

Solution to Problem

[0007] To solve the problem and achieve the object, an
end effector according to the present invention configured
to hold a threaded member and insert the threaded member
into a threaded hole member, includes: a holding means
configured to hold the threaded member in a manner
rotatable about an axis of the threaded member; a rotating
means configured to rotate the threaded member about the
axis of the threaded member; a linear moving means
configured to move the threaded member linearly along the
axis of the threaded member; a detecting means configured
to detect a position and a direction of the threaded hole
member; a changing means configured to change a position
and a direction of the threaded member with respect to the
threaded hole member; and a controlling means configured to
control the foregoing means, wherein the controlling means
is configured to: provide the threaded member near a
position coaxially facing the threaded hole member by
controlling the changing means based on the position and
the direction of the threaded hole member detected by the
detecting means; and insert and screw the threaded member
into the threaded hole member by controlling: the linear
moving means to advance the threaded member toward the
threaded hole member and insert a tip of the threaded
member into the threaded hole member; and the rotating
means to rotate the threaded member about the axis of the

threaded member.
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[0008] Moreover, in the end effector according to the
present invention, the holding means includes: a driving
roller that is connected to a rotational shaft of the
rotating means; and at least two presser rollers configured
to rotate about respective rotational shafts, the
respective rotational shafts extending in parallel with a
rotational shaft of the driving roller.

[0009] Moreover, a construction robot according to the
present invention includes the end effector according to
the present invention.

[0010] Moreover, a method of mounting a threaded member
into a threaded hole member using the end effector
according to the present invention, includes: a step of
holding the threaded member with the holding means; a step
of detecting a position and a direction of the threaded
hole member with the detecting means; a step of providing
the held threaded member near a position coaxially facing
the threaded hole member with the changing means, based on
the position and the direction of the threaded hole member
detected by the detecting means; a step of advancing the
threaded member that has moved to the position facing the
threaded hole member toward the threaded hole member and
inserting a tip of the threaded member into the threaded
hole member with the linear moving means; and a step of
inserting and screwing the threaded member into the
threaded hole member by rotating the threaded member about
the axis of the threaded member with the rotating means.
Advantageous Effects of Invention

[0011] With the end effector according to the present
invention that is an end effector for holding a threaded
member and inserting the threaded member into a threaded
hole member, because the end effector includes: the holding

means that holds the threaded member in a manner rotatable
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about the axis of the threaded member; the rotating means
that rotates the threaded member about the axis; the linear
moving means that moves the threaded member linearly along
the axis; the detecting means that detects a position and a
direction of the threaded hole member; the changing means
that changes a position and a direction of the threaded
member with respect to the threaded hole member; and the
controlling means that controls the foregoing means, the
controlling means controlling the changing means based on
the position and the direction of the threaded hole member
detected by the detecting means so as to bring the threaded
member near a position coaxially facing the threaded hole
member, controlling the linear moving means to advance the
threaded member toward the threaded hole member and to
insert the tip of the threaded member into the threaded
hole member, and controlling the rotating means to rotate
the threaded member about the axis so as to insert and
screw the threaded member into the threaded hole member, it
is possible to reduce the time required in holding and
inserting the threaded member into the threaded hole member.
Therefore, mounting can be performed efficiently,
advantageously.

[0012] Furthermore, with another end effector according
to the present invention, because the holding means
includes the driving roller that is connected to the
rotational shaft of the rotating means, and the at least
two presser rollers that rotate about their respective
rotational shafts extending in parallel with the rotational
shaft of the driving roller, it is possible to achieve the
functions for holding and rotating the threaded member
using a simple structure, advantageously.

[0013] Furthermore, with the construction robot

according to the present invention, because the end
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effector described above is provided, it is possible to
improve the efficiency of the mounting performed by the
construction robot, advantageously.
[0014] Furthermore, with the member mounting method
according to the present invention that is a method for
mounting a threaded member in a threaded hole member using
the end effector described above, because the method
includes: the step of holding the threaded member with the
holding means; the step of detecting a position and a
direction of the threaded hole member with the detecting
means; the step of bringing the held threaded member near a
position coaxially facing the threaded hole member with the
changing means, based on the position and the direction of
the threaded hole member detected by the detecting means;
the step of advancing the threaded member that has moved to
the position facing the threaded hole member toward the
threaded hole member, and inserting the tip of the threaded
member into the threaded hole member using the linear
moving means; and the step of inserting and screwing the
threaded member into the threaded hole member by rotating
the threaded member about the axis using the rotating means,
it is possible to reduce the time required in holding and
inserting the threaded member into the threaded hole member.
Therefore, mounting can be performed efficiently,
advantageously.
Brief Description of Drawings
[0015] FIG. 1 is a front view illustrating an end
effector according to an embodiment of the present
invention.

FIG. 2 is a side view illustrating the end effector
according to the embodiment of the present invention.

FIG. 3 is a top view along the line A-A in FIG. 2.

FIG. 4 is a bottom view illustrating the end effector



10

15

20

25

30

according to the embodiment of the present invention, in
which (1) is a schematic with a holding means closed, and
(2) is a schematic with the holding means opened.

FIG. 5 is a cross-sectional view along the line B-B in
FIG. 4(1).

FIG. 6 is a schematic illustrating how a hanging bolt
is inserted.
Description of Embodiments
[0016] An end effector and a member mounting method
according to one embodiment of the present invention will
now be explained in detail with reference to some drawings.
The embodiment is, however, not intended to limit the scope
of the present invention in any way.
[0017] As illustrated in FIG. 1, an end effector 10
according to the embodiment is used in holding and
inserting a hanging bolt 12 (threaded member) into an
insert 14 (threaded hole member). This end effector 10 is
attached removably to the tip of the manipulator (robot
arm) provided to a construction robot such as that
described above.
[0018] As illustrated in FIGS. 1 to 3, the end effector
10 includes a main body 16, two presser rollers 18 provided
on one side of the main body 16, and a driving roller 20
(holding means). Supporting shafts 18A, 20A (rotational
shafts) of the respective presser rollers 18 and driving
roller 20 are disposed in parallel with respect to one
another, and, in a view in their axial direction, as
illustrated in FIG. 3, the shaft centers thereof are
positioned at the vertices of an isosceles triangle.
[0019] As illustrated in FIGS. 4 and 5, the supporting
shafts 18A of the presser rollers 18 are fixed to a
parallel chuck 22, in a manner rotatable about their

respective shaft centers. The parallel chuck 22 is fixed
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to the main body 16 in a manner movable in an axially
vertical direction (up-and-down direction in FIG. 4). The
presser rollers 18 are movable in directions approaching
each other, and separating from each other, wvia opening and
closing operations of the parallel chuck 22. As
illustrated in FIG. 4 (1), when the parallel chuck 22 is
closed, with a hanging bolt 12 placed between the presser
rollers 18 and the driving roller 20, the two presser
rollers 18 move closer to each other. As a result, the
hanging bolt 12 is nipped and held by the two presser
rollers 18 and the driving roller 20, at three points along
its outer circumferential surface. Conversely, when the
parallel chuck 22 is opened, as illustrated in FIG. 4(2),
the two presser rollers 18 separate from each other. As a
result, the force for holding the hanging bolt 12 is
released.

[0020] As illustrated in FIGS. 2 and 3, the driving
roller 20 is used for holding the hanging bolt 12, together
with the presser rollers 18, and giving a rotating force to
the hanging bolt 12. As illustrated in FIG. 2, the
supporting shaft 20A of the driving roller 20 is connected
to the output shaft of a servo motor 26 (rotating means)
via a decelerator 24. When the servo motor 26 is rotated,
the driving roller 20 is caused to rotate via the
decelerator 24, and the hanging bolt 12, which is held
thereby, is also caused to rotate. The presser rollers 18,
the driving roller 20, the decelerator 24, and the servo
motor 26 together form a holding/fastening mechanism 28
involved in holding and fastening the hanging bolt 12.

With this simple structure, it is possible to achieve the
functions for holding and rotating the hanging bolt 12.
[0021] On the other side of the main body 16, as

illustrated in FIGS. 2 and 3, a linear guide 30 and an air
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cylinder 32 (linear moving means) are provided. The linear
guide 30 and a rod 32A included in the air cylinder 32
extend in parallel with the supporting shaft 20A of the
driving roller 20. When the rod 32A in the air cylinder 32
is extended, one side of the main body 16 including the
holding/fastening mechanism 28 is caused to move along the
linear guide 30. In this manner, it becomes possible to
slide the holding/fastening mechanism 28 that includes the
presser rollers 18, the driving roller 20, the decelerator
24, and the servo motor 26, in a direction in which the
hanging bolt 12 is to be inserted.
[0022] On the one side of the main body 16, a camera
sensor 34 and a two-dimensional sensor 36 (detecting means)
are provided via an arm 38. With the camera sensor 34 and
the two-dimensional sensor 36, it is possible to detect the
position (position) and the inclination (direction) of the
opening of a threaded hole 14A on the insert 14.
[0023] As described above, this end effector 10 is
removably attached to the tip of a manipulator of a
construction robot. This manipulator functions as a
changing means according to the present invention, for
changing the position and the inclination (direction) of
the end effector 10.
[0024] The operations of the holding/fastening mechanism
28, the air cylinder 32, the camera sensor 34, the two-
dimensional sensor 36, and the manipulator described above
are controlled by a controlling means, not illustrated.
[0025] An operation of and effects achieved by the
structure described above will now be explained.

To begin with, the end effector 10 is moved to a
position for holding the hanging bolt 12. The hanging bolt
12 is then positioned between the presser rollers 18 and

the driving roller 20, and an operation for closing the
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parallel chuck 22 is then performed. In this manner, the
hanging bolt 12 is held between the presser rollers 18 and
the driving roller 20, as illustrated in FIG. 1.

[0026] The manipulator, not illustrated, is then
operated to bring the end effector 10 to a position near
and below the insert 14, and to adjust the orientation of
the end effector 10 in such a manner that the camera sensor
34 and the two-dimensional sensor 36 face upwards. The
position and the inclination of the threaded hole 14A of
the insert 14 are then detected with the camera sensor 34
and the two-dimensional sensor 36. The controlling means
then operates the manipulator based on the detection
results, and adjusts the orientation of the end effector 10
in such a manner that the shaft of the hanging bolt 12 held
thereby comes near a position coaxially facing the threaded
hole 14A of the insert 14. 1If the insert 14 is inclined,
the controlling means also inclines the hanging bolt 12.
[0027] For example, when the axis of the threaded hole
14A of the insert 14 is vertically oriented, the hanging
bolt 12 is brought to a position coaxially below the insert
14, and the rod 32A of the air cylinder 32 is extended. As
a result, the holding/fastening mechanism 28 as well as the
hanging bolt 12 move up toward the insert 14 along the
linear guide 30, and the tip of the hanging bolt 12 goes
into the threaded hole 14A, as illustrated in FIG. 6(1).

By then driving the servo motor 26 while extending the rod
32A of the air cylinder 32, the hanging bolt 12 is rotated
with the driving roller 20. By allowing the male screw
portion of the hanging bolt 12 to become engaged with the
female screw portion of the insert 14, the hanging bolt 12
is fixed to the insert 14.

[0028] When the threaded hole 14A of the insert 14 is

inclined with respect to the vertical direction, the
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hanging bolt 12 is brought to a position below the insert
14, and then inclined in such a manner that the hanging
bolt 12 is positioned coaxially with the insert 14, and the
rod 32A of the air cylinder 32 is then extended. By this
extension, the holding/fastening mechanism 28 as well as
the hanging bolt 12 are moved up along the linear guide 30
toward the insert 14, and the tip of the hanging bolt 12
goes into the threaded hole 14A, as illustrated in FIG.
6(2). By driving the servo motor 26 while extending the
rod 32A of the air cylinder 32, the hanging bolt 12 is
caused to rotate with the driving roller 20. By screwing
the male screw portion of the hanging bolt 12 into the
female screw portion of the insert 14, the hanging bolt 12
is fixed to the insert 14.

[0029] After the hanging bolt 12 is mounted, the presser
rollers 18 are opened, and the end effector 10 is returned
to the base position (home position) by operating the
manipulator (robot arm) not illustrated, and an operation
for mounting another hanging bolt 12 is then performed.
This operation is repeated until mounting of all of the
hanging bolts 12 are completed.

[0030] In the manner described above, with the method
using the end effector 10 according to the embodiment, it
is possible to reduce the time required for the operation
of holding the hanging bolt 12 and mounting the hanging
bolt 12 in the insert 14. Therefore, mounting can be
performed efficiently. In this manner, the power and the
labor required in the construction works can be reduced.
[0031] As described above, with the end effector
according to the present invention that is an end effector
for holding a threaded member and inserting a threaded
member into a threaded hole member, because the end

effector includes: the holding means that holds the
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threaded member in a manner rotatable about the axis of the
threaded member; the rotating means that rotates the
threaded member about the axis; the linear moving means
that moves the threaded member linearly along the axis; the
detecting means that detects a position and a direction of
the threaded hole member; the changing means that changes a
position and a direction of the threaded member with
respect to the threaded hole member; and the controlling
means that controls the foregoing means, the controlling
means controlling the changing means based on the position
and the direction of the threaded hole member detected by
the detecting means so as to bring the threaded member near
a position coaxially facing the threaded hole member,
controlling the linear moving means to advance the threaded
member toward the threaded hole member and to insert the
tip of the threaded member into the threaded hole member,
and controlling the rotating means to rotate the threaded
member about the axis so as to insert and screw the
threaded member into the threaded hole member, it is
possible to reduce the time required in holding and
inserting the threaded member into the threaded hole member.
Therefore, mounting can be performed efficiently.

[0032] Furthermore, with another end effector according
to the present invention, because the holding means
includes the driving roller that is connected to a
rotational shaft of the rotating means, and the at least
two presser rollers that rotate about respective rotational
shafts extending in parallel with the rotational shaft of
the driving roller, it is possible to achieve the functions
for holding and rotating the threaded member using a simple
structure.

[0033] Furthermore, with the construction robot

according to the present invention, because the end
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effector described above is provided, it is possible to
improve the efficiency of the mounting performed by the
construction robot.

[0034] Furthermore, with the member mounting method
according to the present invention that is a method for
mounting a threaded member in a threaded hole member using
the end effector described above, because the method
includes: the step of holding the threaded member with the
holding means; the step of detecting a position and a
direction of the threaded hole member with the detecting
means; the step of bringing the held threaded member near a
position coaxially facing the threaded hole member with the
changing means, based on the position and the direction of
the threaded hole member detected by the detecting means;
the step of advancing the threaded member that has moved to
the position facing the threaded hole member toward the
threaded hole member, and inserting the tip of the threaded
member into the threaded hole member using the linear
moving means; and the step of inserting and screwing the
threaded member into the threaded hole member by rotating
the threaded member about the axis using the rotating means,
it is possible to reduce the time required in holding and
inserting the threaded member into the threaded hole member.
Therefore, mounting can be performed efficiently.
Industrial Applicability

[0035] As described above, the end effector and the
member mounting method according to the present invention
is useful in mounting a hanging bolt in an insert, during a
construction work of a ceiling of a building, and is
particularly suitable for mounting a member in a shorter
time period.

Reference Signs List

[0036] 10 end effector
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12 hanging bolt (threaded member)

14 insert (threaded hole member)

14A threaded hole

16 main body

18 presser roller (holding means)

20 driving roller (holding means, rotating means)
187, 20A supporting shaft (rotational shaft)
22 parallel chuck

24 decelerator

26 servo motor (rotating means)

28 holding/fastening mechanism

30 linear guide (linear moving means)

32 air cylinder (linear moving means)

32A rod

34 camera sensor (detecting means)

36 two-dimensional sensor (detecting means)

38 arm
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CLAIMS
1. A construction robot comprising:

an end effector including:

a holding means configured to hold a threaded
member in a manner rotatable about an axis of the threaded
member;

a rotating means configured to rotate the
threaded member about the axis of the threaded member;

a linear moving means configured to move the
threaded member linearly along the axis of the threaded
member; and

a detecting means configured to detect a position
and a direction of a threaded hole member;

a changing means configured to change a position and a
direction of the threaded member with respect to the
threaded hole member; and

a controlling means configured to control the changing
means, wherein

the controlling means is configured to:

provide the threaded member near a position
coaxially facing the threaded hole member by controlling
the changing means based on the position and the direction
of the threaded hole member detected by the detecting
means; and

insert and screw the threaded member into the
threaded hole member by controlling:

the linear moving means to advance the
threaded member toward the threaded hole member and insert
a tip of the threaded member into the threaded hole member;
and

the rotating means to rotate the threaded

member about the axis of the threaded member.



10

15

20

25

15

2. The construction robot according to claim 1, wherein
the holding means includes:

a driving roller that is connected to a rotational
shaft of the rotating means; and

at least two presser rollers configured to rotate
about respective rotational shafts, the respective
rotational shafts extending in parallel with a rotational

shaft of the driving roller.

3. A method of mounting a threaded member into a threaded
hole member using the construction robot according to claim
1 or 2, the method comprising:

a step of holding the threaded member with the holding
means;

a step of detecting a position and a direction of the
threaded hole member with the detecting means;

a step of providing the held threaded member near a
position coaxially facing the threaded hole member with the
changing means, based on the position and the direction of
the threaded hole member detected by the detecting means;

a step of advancing the threaded member that has moved
to the position facing the threaded hole member toward the
threaded hole member and inserting a tip of the threaded
member into the threaded hole member with the linear moving
means; and

a step of inserting and screwing the threaded member
into the threaded hole member by rotating the threaded
member about the axis of the threaded member with the

rotating means.



