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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 that are suitable for holding5

a ceiling panel to be mounted on a ceiling, for example, in 

a ceiling construction.

Background

[0002] In conventional ceiling construction of a 

building, execution of mounting ceiling suspending bolts 10

and ceiling panels is performed.  Normally, workers 

manually perform such execution work by using a vehicle for 

work at height, scaffolds, or the like while looking 

upward.  In general, when the ceiling panel is mounted, the 

worker needs to perform the mounting work by holding the 15

ceiling panel lifted to the ceiling by one hand and using a 

tool and so on by the other hand.

[0003] In order to reduce the above-mentioned burdens on 

the workers, the applicant of the present invention has 

already proposed a construction work robot disclosed in 20

Patent Literature 1. The construction work robot mounts a 

member such as the ceiling panel on a substrate material 

(base material) by sucking and holding the member to an end 

effector and lifting it to an execution position by a 

manipulator.25

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Patent Application 

Laid-open No. 2017-110466

[0005] When the ceiling panel is applied to the 30

substrate material by the construction work robot described 

in Patent Literature 1, reduction in time taken for 

adjusting the orientation and inclination of the ceiling 
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panel is preferable in order to improve efficiency of the 

work.  A technology enabling the reduction in time taken 

for adjusting the orientation and inclination of the 

ceiling panel has therefore been needed.

Summary5

Technical Problem

[0006] The present invention has been made in view of 

the above-mentioned circumstances and an object thereof is 

to provide an end effector and a member mounting method for 

efficiently adjusting the orientation and inclination of a 10

plate-like member.

Solution to Problem

[0007] To solve the problem and achieve the object, an 

end effector according to the present invention that is 

used for holding a plate-like member and mounting the 15

member at a predetermined position, includes: a supporting 

means for supporting the member; a support table provided 

at an end portion of the supporting means via an universal 

joint, the support table being configured to support the 

member by making surface contact with the member; holding 20

means fixed to a base portion of the support table, the 

holding means being configured to move linearly in a planar 

direction while the support table is interposed between the 

holding means in the planar direction; and an angle 

changing means configured to change an inclination angle of 25

the support table with respect to the supporting means.

[0008] Moreover, in the end effector according to the 

present invention, the angle changing means is provided 

between the supporting means and a base portion of the 

support table, and the angle changing means includes: a 30

first support member configured to rotate the base portion 

of the support table about a first axis by contracting and 

extending in a direction substantially perpendicular to the 
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support table; and a second support member configured to 

rotate the base portion of the support table about a second 

axis orthogonal to the first axis.

[0009] Moreover, in the end effector according to the 

present invention, the member has a rectangular plate 5

shape, and the holding means includes: engagement portions 

provided at the sides of opposing sides of the member, the 

engagement portions being configured to engage with the 

opposing sides of the member; moving means configured to 

move the engagement portions in directions of making the 10

engagement portions close to and away from each other; and

storage means configured to store therein the engagement 

portions.

[0010] Moreover, a construction work robot according to 

the present invention includes the end effector according 15

to the present invention.

[0011] Moreover, a method of mounting a member according 

to the present invention by holding a member having a 

rectangular plate shape and mounting the held member on a 

lattice-form support material above the held member using 20

the end effector according to the present invention, 

includes: a step of holding the member by operating the 

holding means after abutting the support table of the end 

effector against a surface of the member; a step of moving 

the end effector holding the member to a vicinity of the 25

support material; a step of changing an orientation of the 

end effector such that the member held by the end effector 

is able to pass through a lattice-form opening surround by 

the support material from a lower side to an upper side; a 

step of moving the member held by the end effector to pass 30

through the lattice-form opening surrounded by the support 

material from the lower side to the upper side; a step of 

adapting an orientation of the member held by the end 
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effector to the lattice-form opening, by changing the 

orientation of the end effector, after moving the member 

held by the end effector to pass through the lattice-form 

opening; a step of applying one end of the member to one 

end of the support material by changing a height of the end 5

effector and an inclination angle of the support table, 

after adapting the orientation of the member held by the 

end effector to the lattice-form opening, and then, 

operating the holding means to release holding of the 

member by the end effector and store the holding means; and10

a step of lowering the support table by lowering the end 

effector such that the other end of the member is 

automatically applied to the other end of the support 

material.

Advantageous Effects of Invention15

[0012] The end effector according to the present 

invention is used for holding the plate-like member and 

mounting the member at the predetermined position and 

includes: the supporting means for supporting the member;

the support table provided at the end portion of the 20

supporting means via the universal joint and making surface 

contact with the member to support the member; the holding 

means fixed to the base portion of the support table so as 

to be linearly movable in the planar direction on both 

sides with the support table interposed in the planar 25

direction; and the angle changing means for changing the 

inclination angle of the support table with respect to the 

supporting means.  The end effector can therefore adjust 

the inclination of the member on the support table by 

changing the inclination angle of the support table by the 30

angle changing means.  Furthermore, the orientation of the 

member on the support table with respect to an external 

substrate material or the like can be adjusted by 
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rotationally moving the end effector itself or the 

supporting means about its axis.  The end effector thereby 

provides effects that time taken for adjusting the 

orientation and inclination of the held member can be 

reduced and mounting work of the member on the substrate 5

material or the like can be efficiently performed.

[0013] With the end effector according to another aspect 

of the invention, the angle changing means is configured by 

the first support member that is provided between the 

supporting means and the base portion of the support table 10

and contracts and extends in the direction substantially 

perpendicular to the support table to rotationally move the 

base portion of the support table about the first axis and 

the second support member that is rotationally movable 

about the second axis orthogonal to the first axis.  The 15

end effector thereby provides an effect that the angle 

changing means can be configured with a simple structure.

[0014] With the end effector according to still another 

aspect of the invention, the member has the rectangular 

plate shape, and the holding means include the engagement 20

portions provided on the sides of the opposing sides of the 

member for engagement with the opposing sides of the 

member, the moving means configured to move the engagement 

portions in directions of making the engagement portions 

close to and away from each other, and the storage means25

configured to store therein the engagement portions.  The 

end effector thereby provides an effect of facilitating 

work of arranging the member on the support table in an 

abutment manner by storing the engagement portions when the 

member is held from a housing portion.30

[0015] The construction work robot according to the 

present invention includes the above-mentioned end 

effector, thereby providing an effect that efficiency of 
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mounting work of the member by the construction work robot 

can be improved.

[0016] The member mounting method according to the 

present invention is the method in which the member having 

the rectangular plate shape is held using the above-5

mentioned end effector and the held member is mounted on 

the lattice-form support material above the member, and 

includes: the step of operating the holding means to hold

the member after the support table of the end effector is 

made to abut against a surface of the member; the step of 10

moving the end effector holding the member to the vicinity 

of the support material; the step of changing the 

orientation of the end effector such that the member held

by the end effector is able to pass through the lattice-

form opening surround by the support material to the upper 15

side from the lower side; the step of moving the member 

held by the end effector to the upper side from the lower 

side to pass through the lattice-form opening surrounded by 

the support material; the step of adapting, to the lattice-

form opening, the orientation of the member held by the end 20

effector by changing the orientation of the end effector 

after moving the member to pass through the lattice-form

opening; the step of applying one end of the member to one 

end of the support material by changing the height of the 

end effector and the inclination angle of the support table 25

after adapting, to the lattice-form opening, the 

orientation of the member, and then, operating the holding 

means to release holding of the member by the end effector 

and storing the holding means; and the step of lowering the 

support table by lowering the end effector to automatically 30

apply the other end of the member to the other end of the 

support material.  The member mounting method thereby 

provides an effect that mounting work of the member on the 
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substrate material or the like of the ceiling can be 

efficiently performed.

Brief Description of Drawings

[0017] FIG. 1 is a schematic perspective view 

illustrating an embodiment of an end effector according to 5

the present invention.

FIG. 2 is a side view illustrating the embodiment of 

the end effector according to the invention.

FIG. 3 is a side view illustrating the embodiment of 

the end effector according to the invention.10

FIG. 4 is a top view illustrating the embodiment of 

the end effector according to the invention.

FIG. 5 is a schematic procedure view illustrating an 

embodiment of a member mounting method according to the 

invention.15

Description of Embodiments

[0018] Hereinafter, embodiments of an end effector and a 

member mounting method according to the present invention 

will be described in detail with reference to the drawings.  

The embodiments do not limit the invention.20

[0019] As illustrated in FIG. 1, an end effector 10 

according to the embodiment is used for holding a ceiling 

panel 12 (member) having a rectangular plate shape and 

mounting the member on a substrate material (at a 

predetermined position).  The end effector 10 is mounted on 25

the front end of a manipulator (robot arm) of the above-

mentioned construction work robot in a detachable manner.

[0020] The end effector 10 includes a square bar-shaped 

supporting means 14 for supporting the ceiling panel 12.  A 

base plate 18 (base portion) is mounted on an upper end 30

portion of the supporting means 14 via an universal joint 

16.  A support table 20 is fixed in a plane parallel manner 

above the base plate 18 through a pillar.  The support 
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table 20 is a disc-shaped table on which the ceiling panel 

12 is arranged on the upper surface, and the center of a 

circle thereof is positioned on an extended line of an 

axial line of the supporting means 14.

[0021] The end effector 10 further includes holding 5

means 22, an angle changing means 24, and a controlling 

means (not illustrated) controlling them.

[0022] As illustrated in FIG. 2 to FIG. 4, the holding 

means 22 are provided on both sides with the support table 

20 interposed therebetween in an X-axis direction (planar 10

direction) and are fixed to the base plate 18 so as to be 

linearly movable in the X-axis direction.  The holding 

means 22 include a pair of holders 26 for supporting sides 

of both opposing sides of the ceiling panel 12, hooks 28 

(engagement portions), air cylinders 30 (storage means), 15

and electric cylinders 32 (moving means).  The holders 26 

and the hooks 28 are provided at symmetric positions on 

both sides of the circle of the support table 20.  

[0023] The upper surfaces of the holders 26 are made 

flush with the upper surface of the support table 20 or are 20

slightly lower than it.  The hooks 28 are used for 

engagement with the opposing sides of the ceiling panel 12 

and are provided on the outer ends of the holders 26.

[0024] The air cylinders 30 are used for storing the 

holders 26 and the hooks 28 and are provided so as to 25

correspond to the respective holders 26.  Rods 30A of the 

air cylinders 30 are coupled to base portions 26A at the 

inner ends of the holders 26.  When the rods 30A of the air 

cylinders 30 contract or extend in a Z-axis direction, the 

holders 26 move in the Z-axis direction.  For example, when 30

the rods 30A of the air cylinders 30 contract, as 

illustrated in FIG. 2, the holders 26 and the hooks 28 move 

downward in the Z-axis direction.  When the ceiling panel 
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12 is not held, the holders 26 and the hooks 28 can

therefore be stored below the support table 20.  

Interference of the hooks 28 can be prevented by storing 

the hooks 28 when the ceiling panel 12 is arranged on the 

support table 20 in an abutment manner, thereby arranging 5

the ceiling panel 12 on the upper surface of the support 

table 20 easily.

[0025] The electric cylinders 32 move the holders 26 in 

the directions of making the hooks 28 close to or away from 

each other for a holding operation and a releasing 10

operation of the ceiling panel 12 and are provided so as to 

correspond to the respective holders 26.  Rods 32A of the 

electric cylinders 32 are coupled to main bodies of the air 

cylinders 30. Main bodies of the electric cylinders 32 are 

fixed to the base plate 18.  When the rods 32A of the 15

electric cylinders 32 contract or extend in the X-axis 

direction, the holders 26 and the hooks 28 move in the X-

axis direction through the air cylinders 30.  For example, 

when the rods 32A of the electric cylinders 32 contract, 

the holders 26 and the hooks 28 move so as to make close to 20

each other in the X-axis direction, and both hooks 28 abut 

against and are engaged with both opposing sides of the 

ceiling panel 12 to hold the ceiling panel 12.  Holding

force can be appropriately adjusted by, for example, 

previously setting the extension length of the rods 32A in 25

accordance with the dimension of the ceiling panel 12.  On 

the other hand, when the rods 32A of the electric cylinders 

32 extend, the holders 26 and the hooks 28 move so as to be 

separated from each other in the X-axis direction, and both 

hooks 28 are away from both opposing sides of the ceiling 30

panel 12.  Holding of the ceiling panel 12 is thereby 

released.  Thereafter, the holders 26 and the hooks 28 are 

moved downward by contracting the rods 30A of the air 
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cylinders 30, and then, the holding means 22 are stored 

below the support table 20 by contracting the rods 32A of 

the electric cylinders 32.  That is to say, the electric 

cylinders 32 have a function of storing the holding means

22 after installation of the ceiling panel 12 in addition 5

to the function of holding the ceiling panel 12.  The 

holding means 22 can be prevented from making contact with 

a ceiling substrate material P assembled in a lattice form 

beforehand by storing the holding means 22.

[0026] The angle changing means 24 is used for changing 10

the inclination angle of the support table 20 with respect 

to the axial line of the supporting means 14 and is 

configured by an electric cylinder 34 (first support 

member) and an electric cylinder 36 (second support 

member).  As illustrated in FIG. 1 to FIG. 3, the electric 15

cylinders 34 and 36 are provided between the supporting 

means 14 and the base plate 18.  As illustrated in FIG. 2

and FIG. 3, a main body of the electric cylinder 34 is 

fixed to the side surface of the supporting means 14 in a 

Y-axis direction so as to be rotationally movable about the 20

X axis.  A main body of the electric cylinder 36 is fixed 

to the side surface of the supporting means 14 in the X-

axis direction so as to be rotationally movable about the Y 

axis.  Rods 34A and 36A are fixed to the base plate 18 with 

universal joints 38.25

[0027] As illustrated in FIG. 3, when the rod 34A 

contracts and extends in the substantially Z-axis direction 

(substantially up-down direction), the support table 20 is 

rotationally movable about the X axis (first axis).  As 

illustrated in FIG. 2, when the rod 36A contracts and 30

extends in the substantially Z-axis direction 

(substantially up-down orientation), the support table 20 

is rotationally movable about the Y axis (second axis).
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[0028] The inclination of the ceiling panel 12 on the 

support table 20 can be adjusted by changing the 

inclination angle of the support table 20 by the angle 

changing means 24.  Furthermore, the orientation of the 

ceiling panel 12 on the support table 20 with respect to5

the external substrate material or the like can be adjusted 

by rotationally moving the end effector 10 itself or the 

supporting means 14 about its axis.  The embodiment 

therefore enables time taken for adjusting the orientation 

and inclination of the held member to be reduced and 10

enables the mounting work of the ceiling panel 12 on the 

substrate material or the like to be efficiently performed.

[0029] Next, a method of mounting the ceiling panel 12 

using the above-mentioned end effector 10 will be described 

with reference to FIG. 5 and FIG. 1.  In FIG. 5(2) to FIG. 15

5(5), illustration of the end effector 10 is omitted for 

the convenience.  It should be noted that the manipulator 

(not illustrated) performs a movement operation of the end 

effector 10.

[0030] First, as illustrated in FIG. 1, the support 20

table 20 of the end effector 10 is made to abut against the 

surface of the ceiling panel 12, and then, the holding 

means 22 are operated to hold the ceiling panel 12.

[0031] Then, as illustrated in FIG. 5(1), the 

orientation of the end effector 10 is changed by operating 25

the manipulator to make the surface of the held ceiling 

panel 12 face upward.  The end effector 10 is further moved 

to the vicinity of the substrate material P (support 

material) installed in a square lattice form under a 

ceiling surface.  Subsequently, as illustrated in FIG. 30

5(2), the orientation of the end effector 10 is changed by 

operating the manipulator such that one side of the ceiling 

panel 12 is parallel with and directly faces a diagonal 
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line of a square opening surrounded by the substrate 

material P.  Then, the ceiling panel 12 is inclined 

obliquely with respect to the horizon by operating the 

manipulator and the angle changing means 24 such that one 

side of the ceiling panel 12 is on an obliquely upper side 5

and an opposing side thereof is on an obliquely lower side.  

The ceiling panel 12 can thereby pass through the position 

of the diagonal line of the square opening toward the 

obliquely upper side from the obliquely lower side.

[0032] After that, as illustrated in FIG. 5(3), the end 10

effector 10 is lifted obliquely upward by operating the 

manipulator to thereby insert one side of the ceiling panel 

12 from the position of the diagonal line of the square 

opening and lift the entire ceiling panel 12 to the upper 

side of the substrate material P.  Subsequently, as 15

illustrated in FIG. 5(4), the orientation of the ceiling 

panel 12 is adapted to the square opening by operating the 

manipulator and the angle changing means 24, and then, one 

side of the ceiling panel 12 is applied to one side of the 

substrate material P by changing the height of the end 20

effector 10 and the inclination angle of the support table 

20.  Thereafter, as illustrated in FIG. 5(5), the holding 

means 22 are operated to release holding of the ceiling 

panel 12, and then, the holding means 22 are stored under 

the support table 20.  The holding means 22 can be 25

prevented from making contact with the substrate material P 

beforehand by storing the holding means 22.  Thereafter,

the support table 20 is lowered by lowering the end 

effector 10.  The opposing side of the ceiling panel 12 is

thereby automatically applied to the substrate material P.  30

The embodiment therefore enables time taken for adjusting 

the orientation and inclination of the ceiling panel 12 to 

be reduced and enables the mounting work of the ceiling 
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panel 12 on the substrate material P to be efficiently 

performed.

[0033] As described above, the end effector according to 

the invention is used for holding the plate-like member and 

mounting the member at a predetermined position.  The end 5

effector includes: the supporting means for supporting the 

member; the support table provided at the end portion of 

the supporting means through the universal joint and making 

surface contact with the member to support the member; the 

holding means fixed to the base portion of the support 10

table so as to be linearly movable in the planar direction 

on both sides with the support table interposed 

therebetween in the planar direction; and the angle 

changing means for changing the inclination angle of the 

support table with respect to the supporting means.  The 15

end effector can therefore adjust the inclination of the 

member on the support table by changing the inclination 

angle of the support table by the angle changing means.  

Furthermore, the orientation of the member on the support 

table with respect to the external substrate material or 20

the like can be adjusted by rotationally moving the end 

effector itself or the supporting means about its axis.  

With this configuration, time taken for adjusting the 

orientation and inclination of the held member can be 

reduced, and the mounting work of the member on the 25

substrate material or the like can be efficiently 

performed.

[0034] With the end effector according to another aspect 

of the invention, the angle changing means is configured by 

the first support member that is provided between the 30

supporting means and the base portion of the support table 

and contracts and extends in the direction substantially 

perpendicular to the support table to rotationally move the 
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base portion of the support table about the first axis and 

the second support member that is rotationally movable 

about the second axis orthogonal to the first axis.  The 

angle changing means can therefore be configured with a 

simple structure.5

[0035] With the end effector according to still another 

aspect of the invention, the member has the rectangular 

plate shape, and the holding means include the engagement 

portions provided on the sides of the opposing sides of the 

member for engagement with the opposing sides of the 10

member, the moving means configured to move the engagement 

portions in the directions of making them close to and away 

from each other, and the storage means configured to store

therein the engagement portions.  The work of arranging the 

member on the support table in the abutment manner can 15

therefore be facilitated by storing the engagement portions 

when the member is held from the housing portion.

[0036] The construction work robot according to the 

invention includes the above-mentioned end effector, 

thereby improving the efficiency of the mounting work of 20

the member by the construction work robot.

[0037] The member mounting method according to the 

invention is the method in which the member having the 

rectangular plate shape is held using the above-mentioned 

end effector and the held member is mounted on the lattice-25

form support material above the member, and includes: the 

step of operating the holding means to hold the member 

after the support table of the end effector is made to abut 

against the surface of the member; the step of moving the 

end effector holding the member to the vicinity of the 30

support material;, the step of changing the orientation of 

the end effector such that the member held by the end 

effector is able to pass through the lattice-form opening 
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surround by the support material to the upper side from the 

lower side; the step of moving the member held by the end 

effector to the upper side from the lower side to pass 

through the lattice-form opening surrounded by the support 

material; the step of adapting, to the lattice-form5

opening, the orientation of the member held by the end 

effector by changing the orientation of the end effector 

after moving the member to pass through the lattice-form

opening; the step of applying one end of the member to one 

end of the support material by changing the height of the 10

end effector and the inclination angle of the support table 

after adapting, to the lattice-form opening, the 

orientation of the member, and then, operating the holding 

means to release holding of the member by the end effector 

and storing the holding means; and the step of lowering the 15

support table by lowering the end effector to automatically 

apply the other end of the member to the other end of the 

support material.  The member mounting method therefore 

enables the mounting work of the member on the substrate 

material or the like of the ceiling to be efficiently 20

performed.

Industrial Applicability

[0038] As described above, the end effector and the 

member mounting method according to the invention are 

useful for the mounting work of the ceiling panel on the 25

substrate material in the ceiling construction of the 

building and are suitable for reduction in time taken for 

the mounting work.

Reference Signs List

[0039] 10  END EFFECTOR30

12  CEILING PANEL (MEMBER)

14  SUPPORTING MEANS

16  UNIVERSAL JOINT
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18  BASE PLATE (BASE PORTION)

20  SUPPORT TABLE

22  HOLDING MEANS

24  ANGLE CHANGING MEANS

26  HOLDER5

26A BASE PORTION

28  HOOK (ENGAGEMENT PORTION)

30 AIR CYLINDER (STORAGE MEANS)

30A, 32A  ROD

32  ELECTRIC CYLINDER (MOVING MEANS)10

34  ELECTRIC CYLINDER (FIRST SUPPORT MEMBER)

36  ELECTRIC CYLINDER (SECOND SUPPORT MEMBER)

34A, 36A  ROD

P SUBSTRATE MATERIAL (SUPPORT MATERIAL)

15
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CLAIMS

1. An end effector that is used for holding a plate-like 

member and mounting the member at a predetermined position, 

the end effector comprising:

a supporting means for supporting the member;5

a support table provided at an end portion of the 

supporting means via an universal joint, the support table 

being configured to support the member by making surface 

contact with the member;

holding means fixed to a base portion of the support 10

table, the holding means being configured to move linearly 

in a planar direction while the support table is interposed 

between the holding means in the planar direction; and

an angle changing means configured to change an 

inclination angle of the support table with respect to the 15

supporting means.

2. The end effector according to claim 1, wherein the 

angle changing means is provided between the supporting 

means and a base portion of the support table, and20

the angle changing means includes:

a first support member configured to rotate the 

base portion of the support table about a first axis by 

contracting and extending in a direction substantially 

perpendicular to the support table; and25

a second support member configured to rotate the base 

portion of the support table about a second axis orthogonal 

to the first axis.

3. The end effector according to claim 1 or 2, wherein 30

the member has a rectangular plate shape, and

the holding means includes:

engagement portions provided at the sides of 



18

opposing sides of the member, the engagement portions being 

configured to engage with the opposing sides of the member;

moving means configured to move the engagement 

portions in directions of making the engagement portions 

close to and away from each other; and5

storage means configured to store therein the 

engagement portions.

4. A construction work robot comprising the end effector 

according to any one of claims 1 and 3.10

5. A method of mounting a member by holding a member 

having a rectangular plate shape and mounting the held

member on a lattice-form support material above the held 

member using the end effector according to any one of 15

claims 1 to 3, the method comprising:

a step of holding the member by operating the holding 

means after abutting the support table of the end effector 

against a surface of the member;

a step of moving the end effector holding the member 20

to a vicinity of the support material;

a step of changing an orientation of the end effector 

such that the member held by the end effector is able to 

pass through a lattice-form opening surround by the support 

material from a lower side to an upper side;25

a step of moving the member held by the end effector 

to pass through the lattice-form opening surrounded by the 

support material from the lower side to the upper side;

a step of adapting an orientation of the member held

by the end effector to the lattice-form opening, by 30

changing the orientation of the end effector, after moving 

the member held by the end effector to pass through the 

lattice-form opening;
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a step of applying one end of the member to one end of 

the support material by changing a height of the end 

effector and an inclination angle of the support table,

after adapting the orientation of the member held by the 

end effector to the lattice-form opening, and then, 5

operating the holding means to release holding of the 

member by the end effector and store the holding means; and

a step of lowering the support table by lowering the 

end effector such that the other end of the member is 

automatically applied to the other end of the support 10

material.


