
DESCRIPTION 

[Title 	of 	the 	Invention] 	TRANSFER 	APPARATUS 	AND 	CONTROL 

METHOD THEREOF 

Technical Field 

[0001] 

The present invention relates to a transfer apparatus 

and control method thereof. 

Background Art 

[0002] 

There 	is 	known 	a 	configuration 	in which 	a 	transfer 

apparatus for transferring articles is connected to a ceiling 

traveling 	vehicle 	that 	travels 	a 	track 	installed 	on 	the 

ceiling. 	This 	transfer 	apparatus 	includes 	a 	main 	body 

connected to the ceiling traveling vehicle and a moving unit 

capable of moving to a side of the main body in the traveling 

direction of 	the 	ceiling 	traveling vehicle. 	The 	transfer 

apparatus is configured to move the moving unit using a drive 

mechanism, 	such as a belt mechanism or gear mechanism, 	so 

that the moving unit protrudes from a side of the main body 

and to transfer an article in this state. 	After transferring 

the article, 	the transfer apparatus returns the moving unit 

to the main body using the drive mechanism. 

[0003] 

If the belt is cut or the gear is disengaged in this 

transfer apparatus, 	the moving unit may inadvertently rush 

out to the other side of the maim body and interfere with an 

adjacent structure, such as another ceiling traveling vehicle 

or column. 	To prevent such inadvertent rush-out of a moving 

unit, 	there 	have been proposed 	engaging 	apparatuses 	that, 
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when 	a 	ceiling 	traveling 	vehicle 	is 	traveling, 	engage 	a 

moving unit with a main body and, when the ceiling traveling 

vehicle is stopped in order to transfer an article, disengage 

the moving unit 	from the main body in order to move 	the 

moving unit to a side of the main body, for example, as shown 

in Patent Literature 1. 

Citation List 

Patent Literature 

[0004] 

[Patent 	Literature 	1] 	International 	Publication 	No. 

2011/148459 

Summary of Invention 

Technical Problem 

[0005] 

However, 	with regard to 	the 	above 	configuration, 	if 

the belt is cut or the gear is disengaged, 	for example, when 

the moving unit is returning to the main body after moving to 

the side of the main body, 	the moving unit may rush out to 

the other side and interfere with another ceiling traveling 

vehicle. 

[0006] 

In view 	of 	the 	foregoing, 	an object 	of 	the 	present 

invention 	is 	to 	provide 	a 	transfer 	apparatus 	and 	control 

method thereof that can reliably prevent inadvertent rush-out 

of a moving unit. 

Solution to Problem 

[0007] 

The 	present 	invention provides 	a 	transfer 	apparatus 

that includes a moving unit capable of moving with respect to 
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a main body and transferring an article with the moving unit 

protruding 	from 	the 	main 	body. 	The 	transfer 	apparatus 

includes a movement regulation unit configured to be capable 

of switching between a first state in which the moving unit 

is restricted in a reference position and a second state in 

which the moving unit is allowed to move from the reference 

position to one of a first direction and a second direction 

opposite to the first direction and in which movement of the 

moving unit in the other direction is restricted. 

[0008] 

The movement regulation unit may be formed so as to be 

capable of 	switching among the 	first 	state and the second 

state, 	as well as a third state in which the moving unit is 

allowed 	to 	move 	in 	the 	first 	direction 	and 	the 	second 

direction 	only 	in 	a 	predetermined 	range. 	The 	movement 

regulation unit may include a rotor including a stopper, the 

stopper being configured to contact an engaging part 	in a 

moving 	direction 	of 	the 	engaging 	part, 	the 	engaging 	part 

being 	disposed 	on 	the 	moving 	unit, 	and 	the 	movement 

regulation unit may switch between at least the first state 

and the second state on the basis of a rotation position of 

the rotor. 	The rotor may include an outer stopper disposed 

outside the stopper and configured to allow the engaging part 

to 	move 	only 	in 	a 	predetermined 	range. 	The 	movement 

regulation unit may include an indication unit configured to 

rotate with rotation of the rotor, 	a sensor unit configured 

to detect the indication unit, and a controller configured to 

control the rotation position of the rotor on the basis of a 

detection result from the sensor unit. 	The sensor unit may 
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include 	multiple 	sensor 	units 	disposed 	along 	a 	rotation 

direction 	of 	the 	indication unit, 	and 	the 	controller may 

control the rotation position of the rotor on the basis of 

detection results from the sensor units. 	The main body may 

be connected to a ceiling traveling vehicle, 	and the moving 

unit may include a gripper capable of holding an article and 

an ascent/descent drive unit configured to raise and lower 

the gripper. 	The first direction and the second direction 

may 	be 	directions 	crossing 	a 	traveling 	direction 	of 	the 

ceiling traveling vehicle, of horizontal directions. 

[0009] 

The 	present 	invention 	also 	provides 	a 	method 	for 

controlling 	a 	transfer 	apparatus, 	the 	transfer 	apparatus 

including a moving unit capable of moving with respect to a 

main body and configured 	to 	transfer an article 	with the 

moving 	unit 	protruding 	from 	the 	main 	body. 	The 	method 

includes switching, by a movement regulation unit, between a 

first 	state 	in 	which 	the 	moving 	unit 	is 	regulated 	in 	a 

reference position and a second state 	in which the moving 

unit is allowed to move from the reference position to one of 

a 	first 	direction and a 	second direction opposite 	to 	the 

first direction and in which movement of the moving unit in 

the other direction is regulated. 

Advantageous Effects of the Invention 

[0010] 

According 	to 	the 	present 	invention, 	the 	movement 

regulation unit can switch between the first state, 	in which 

the transfer unit is regulated in the reference position, and 

the second state, 	in which the transfer unit is allowed to 
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move 	from 	the 	reference 	position 	to 	one 	of 	the 	first 

direction and second direction and in which the movement of 

the transfer unit in the other direction is regulated. 	Thus, 

in a case in which the transfer unit is moved in the first 

direction and then moved in the second direction to order to 

return it to the reference position, the movement regulation 

unit prevents the moving unit from rushing out in the second 

direction. 	As a result, 	inadvertent rush-out of the moving 

unit is reliably prevented. 

[0011] 

Further, the movement regulation unit may be formed so 

as to be capable of switching among the first state and the 

second state, as well as the third state, in which the moving 

unit is allowed to move in the first direction and the second 

direction only in the 	predetermined range. 	In this 	case, 

when the movement regulation unit is in the third state, the 

position 	of 	the 	moving 	unit 	can 	be 	fine-adjusted 	in 	the 

predetermined range. 	Further, 	the movement regulation unit 

may 	include 	a 	rotor 	including 	a 	stopper, 	the 	stopper 

contacting an engaging part 	in a moving 	direction of 	the 

engaging part, the engaging part being disposed on the moving 

unit, and the movement regulation unit may switch between at 

least the first state and the second state on the basis of a 

rotation position 	of 	the 	rotor. 	In 	this 	case, 	by 	simply 

rotating the rotor, 	the movement regulation unit can easily 

switch between at least the first state and the second state. 

Further, 	the 	rotor may 	include 	an 	outer 	stopper 	disposed 

outside the stopper and configured to allow the engaging part 

to move only in a predetermined range. 	In this 	case, 	the 
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outer stopper can regulate the movement of the engaging part. 

Further, 	the 	movement 	regulation 	unit 	may 	include 	an 

indication unit 	configured to rotate with rotation of 	the 

rotor, a sensor unit configured to detect the indication unit, 

and a controller configured to control the rotation position 

of 	the rotor on the basis of a detection result 	from the 

sensor unit. 	In this case, 	the movement regulation unit can 

automatically perform switching. 	Further, 	the 	sensor unit 

may include multiple sensor units disposed along a rotation 

direction 	of 	the 	indication unit, 	and 	the 	controller may 

control the rotation position of the rotor on the basis of 

detection results from the sensor units. 	In this case, 	the 

sensor 	unit 	and 	the 	controller 	can 	reliably 	control 	the 

rotation position of the rotor. 	Further, 	the main body may 

be connected to a ceiling traveling vehicle, 	and the moving 

unit may include a gripper capable of holding an article and 

an ascent/descent drive unit configured to raise and lower 

the gripper. 	Thus, 	inadvertent rush-out of the moving unit 

can be 	reliably prevented in any of 	a case 	in which the 

ceiling traveling vehicle is traveling, 	a case in which the 

moving unit is moving to a side of the main body, a case in 

which the moving unit is raising or lowering the gripper, and 

a case in which the moving unit is returning to the main body. 

Further, 	the first direction and the second direction may be 

directions 	crossing 	a 	traveling 	direction 	of 	the 	ceiling 

traveling vehicle, 	of horizontal directions. 	In this case, 

it is possible to prevent the moving unit from inadvertently 

rushing out in a direction crossing the traveling direction 

of 	the 	ceiling 	traveling 	vehicle. 	Thus, 	when 	ceiling 
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traveling vehicles are traveling tracks extending in parallel, 

it is possible to prevent the vehicles from interfering with 

each other. 

Brief Description of the Drawings 

[0012] 

FIG. 	1 is a diagram showing an example of the ceiling 

and its vicinity of a processing chamber. 

FIG. 	2 	is 	a 	diagram 	showing 	an 	example 	of 	a 	belt 

mechanism. 

FIG. 	3 	is 	a 	diagram 	showing 	an 	example 	of 	the 

operating state of a transfer apparatus. 

FIG. 	4 is a perspective view showing an example of a 

movement regulation unit. 

FIG. 	5 	is 	a 	side 	view 	showing 	an 	example 	of 	the 

movement regulation unit. 

FIG. 	6(a) 	is a diagram showing an example of a rotor, 

and FIG 6(b) is a diagram showing an example of an indication 

unit and a sensor unit. 

FIGs. 	7(a) 	to 7(d) 	are diagrams showing the operation 

of the movement regulation unit. 

Description of Embodiments 

[0013] 

Now, 	an embodiment of 	the present 	invention will be 

described 	with 	reference 	to 	the 	drawings. 	However, 	the 

present 	invention is 	not 	limited thereto. 	To 	clarify the 

embodiment, 	the drawings are scaled, 	for example, 	partially 

enlarged 	or 	highlighted, 	as 	necessary. 	In 	the 	drawings, 

directions 	will 	be 	shown by an XYZ 	coordinate 	system. 	A 

plane 	parallel 	with 	the 	horizontal 	plane 	in 	the 	XYZ 
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coordinate 	system 	is 	referred 	to 	as 	an 	XY-plane. 	The 

travelling direction of a ceiling travelling vehicle 20 	in 

the XY-plane is referred to as a Y-direction, and a direction 

perpendicular 	to 	the Y-direction is 	referred 	to 	as 	an X- 

direction. 	A 	direction 	perpendicular 	to 	the 	XY-plane 	is 

referred to as a Z-direction. 	In the drawings, 	directions 

shown by arrows are the positive directions of the X-, 	Y-, 

and 	Z-directions, 	and 	the 	opposite 	directions 	are 	the 

negative 	directions 	thereof. 	The 	direction 	of 	rotation 

around 	the 	X-axis 	is 	referred 	to 	as 	a 	0X-direction; 	the 

direction of rotation around the Y-axis 	as 	a 	6Y-direction; 

and 	the 	direction of 	rotation around the 	Z-axis 	as 	a 	OZ- 

direction. 

[0014] 

FIG. 	1 is a diagram showing an example of the ceiling 

and its vicinity of a processing chamber 1. 	The processing 

chamber 1 is installed, 	for example, 	in a clean room and is 

provided with a semiconductor processing device 	(not shown) 

or the like. 

The ceiling of 	the processing chamber 1 	is provided 

with a ceiling member 4, first columns 6, and a second column 

15. 	The 	ceiling member 	4 	has 	a 	ceiling 	surface 	4a. 	The 

ceiling surface 4a is formed in parallel with a horizontal 

plane. 	The first columns 6 are fixed to the ceiling member 4 

and 	extend 	from 	the 	ceiling 	surface 	4a 	in 	the 	downward 

direction (the negative Z-direction). 

[0015] 

The 	first 	columns 	6 	have 	first 	support members 	8, 	9 

fixed to negative 	Z-side 	ends 	thereof. 	The 	first 	support 

8 



members 8, 	9 are formed so that the length direction thereof 

is the Y-direction. 	The first support members 8, 9 are fixed 

to the ceiling member 4 	through the first columns 	6. 	The 

negative 	Z-side 	surfaces 	(support 	surfaces) 	8a, 	9a 	of 	the 

first support members 8, 9 are disposed in parallel with the 

ceiling surface 4a. 

[0016] 

Rails 	10 are disposed adjacent to each other on the 

support surfaces 8a, 	9a. 	The rails 10 are tracks for guiding 

the ceiling travelling vehicle 20. 	Each rail 10 includes a 

travelling rail 11 and a power supply rail 12. 	At least part 

of 	each 	rail 	10 	is 	disposed, 	for 	example, 	along 	the 

longitudinal 	direction 	(Y-direction) 	of 	the 	first 	support 

member 	8 	or 	9. 	The 	adjacent 	rails 	10 	are 	disposed 	in 

parallel. 	Note that in FIG. 	1, 	a ceiling travelling vehicle 

disposed on the rail 10 under the support member 9 is not 

shown. 

[0017] 

The 	ceiling travelling vehicle 	20 	is disposed inside 

the travelling rail 11. 	The ceiling travelling vehicle 20 

travels along the rail 10 in the positive Y-direction. 	The 

ceiling travelling vehicle 20 includes a traveling drive unit 

21, 	a 	power 	receiving 	unit 	22, 	and 	a 	connector 	23. 	The 

traveling 	drive 	unit 	21 	includes 	multiple 	rollers 	21a 	in 

contact with the inner surface of the travelling rail 11 and 

a drive unit 	(not shown) 	that rotates the rollers 21a. 	The 

power receiving unit 22 receives power through a non-contact 

power supply line disposed on the power supply rail 12 and 

supplies power to the traveling drive unit 21 and the like. 
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The connector 23 	is mounted on the negative Z-side of the 

traveling drive unit 21 and connects the traveling drive unit 

21 and a transfer apparatus 40. 

[0018] 

The transfer apparatus 40 includes a base 	(main body) 

41, a moving unit 42, and a movement regulation unit 43. 	The 

base 	41 	is 	connected to the 	ceiling travelling vehicle 	20 

(the 	traveling 	drive 	unit 	21) 	through 	the 	connector 	23. 

Accordingly, the base 41 can move integrally with the ceiling 

travelling vehicle 20. 

[0019] 

The moving unit 42 includes a middle part 44 and a top 

part 45. 	The middle part 44 is mounted on the base 41. 	The 

middle part 44 moves along a guide 	(not shown) 	in first and 

second directions D1 and D2 which are along the X-direction. 

The top part 45 is mounted on the middle part 44. 	With the 

movement of the middle part 44, the top part 45 can move in 

the first and second directions Dl and D2, 	which are along 

the X-direction. 

[0020] 

Disposed under 	(the negative 	Z-side) 	the top part 45 

is 	a 	turning unit 	46, 	an ascent/descent 	drive 	unit 	47, 	a 

platform 48, and a gripper 49. 	The turning unit 46 turns the 

ascent/descent drive unit 47 and lower elements (the platform 

48 	and gripper 49) 	in the 0Z-direction with respect to the 

top part 45. 

[0021] 

The ascent/descent drive unit 47 	controls 	the ascent 

and descent 	(the 	Z-direction movement) 	of 	the platform 48. 
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The ascent/descent drive unit 47 is connected to the platform 

48 	through 	a 	belt 	48a 	(see 	FIG. 	3) 	formed 	with 	a 

predetermined length. 	The ascent/descent drive unit 47 	is 

provided with a drum (not shown) around which the belt 48a is 

wound. 	The ascent/descent drive unit 47 moves the platform 

48 in the Z-direction by winding or unwinding the belt 48a. 

[0022] 

Driven 	by 	the 	ascent/descent 	drive 	unit 	47, 	the 

platform 48 moves integrally with the gripper 49 in the Z- 

direction. 	The gripper 49 includes a pair of nails 49a. 	The 

nails 49a can grasp an article FP, 	such as a front opening 

unified pod (FOUP) 	for semiconductor wafers. 	In the present 

embodiment, 	the pair of nails 49a are grasping a protrusion 

FPa on the positive Z-side surface of the article FP. 

[0023] 

	

The first support members 8, 	9 have third columns 	16 

disposed on the support surfaces 8a, 	9a thereof. 	The third 

columns 16 are disposed in positions sandwiching the rails 10 

in 	the X-direction. 	The 	third 	columns 	16 	extend 	in 	the 

negative 	Z-direction. 	The 	third 	columns 	16 	have 	second 

support 	members 	17, 	18 	fixed 	to 	the 	ends 	thereof 	in 	the 

negative 	Z-direction. 	The 	second 	support 	member 	17 	is 

disposed on the positive X-side of the first support member 8, 

and the second support member 18 is disposed on the negative 

X-side of 	the 	first 	support member 8. 	The 	second support 

members 17, 18 have placement surfaces 17a, 	18a, respectively. 

The placement surfaces 17a, 	18a are formed in parallel with 

the horizontal plane. 	The second support members 17, 	18 are 

formed in such a manner that articles or the 	like can be 
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temporarily placed on the placement surfaces 	17a, 	18a, 	and 

are used as buffers. 

[0024] 

The second support member 17 is supported by the third 

column 	16 	disposed on 	the positive X-side 	and 	the 	second 

column 15. 	The 	second column 15 	extends 	from the ceiling 

surface 4a in the negative Z-direction and is fixed to the 

second support member 17 at the negative Z-side end thereof. 

The second support member 18 is supported by the negative X- 

side 	column of 	the 	third columns 	16 	disposed on the 	first 

support member 8 and the positive X-side column of the third 

columns 16 disposed on the first support member 9. 

[0025] 

Instead 	of 	the 	second 	support 	members 	17, 	18, 	an 

appropriate automatic warehouse, cabinet, or the like may be 

disposed. 	Note that any of the support member 9, 	and the 

rail 	10, 	ceiling travelling vehicle 20, 	and the like under 

the 	support 	member 	9 	need 	not 	be 	disposed. 	The 	second 

support member 18 need not be disposed either. 

[0026] 

FIG. 	2 	is a diagram schematically showing an example 

of the base 41 and a belt mechanism 30 that drives the moving 

unit 42. 	Note that the belt mechanism 30 is not limited to 

the configuration shown in FIG. 2. 

As shown in FIG. 2, the middle part 44 and top part 45 

are driven by the belt mechanism 30. 	The belt mechanism 30 

includes 	a 	drive 	motor 	31, 	drive 	pulleys 	32, 	33, 	driven 

pulleys 34, 	35, 	and drive belts 36, 	37. 	The drive motor 31, 

drive 	pulley 	32, 	and 	driven 	pulley 	34 	are 	fixed 	to 	the 
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negative 	Z-side 	of 	the 	base 	41. 	The 	drive 	pulley 	32 	is 

rotated by the driving power of 	the drive motor 31. 	The 

drive belt 	36 	is 	hung on the drive 	pulley 32 	and driven 

pulley 34 and includes a fixing part 36a. 	The fixing part 

36a is fixed to the middle part 44. 

[0027] 

The drive pulley 33 and driven pulley 35 are fixed to 

the negative Z-side of the middle part 44. 	The drive pulley 

33 	is 	connected to 	the drive motor 	31 	or drive pulley 	32 

through a rotation force transmission mechanism (not shown). 

The 	drive 	pulley 	33 	rotates 	in 	synchronization 	with 	the 

rotation of the drive pulley 32. 	The drive belt 37 is hung 

on the drive pulley 33 and driven pulley 35 and includes a 

fixing part 37a. 	The fixing part 37a is 	fixed to the top 

part 45. 

[0028] 

In the belt mechanism 30, 	the 	rotation of 	the drive 

motor 31 rotates the drive pulleys 32, 	33, which then rotate 

the drive belts 	36, 	37. 	Due 	to the rotation of 	the drive 

belt 36, 	the middle part 44 moves so as to protrude to the 

positive X-side or negative X-side 	(in the 	case of 	FIG. 	2, 

the 	positive 	X-side) 	of 	the 	base 	41. 	Also, 	due 	to 	the 

rotation of the drive belt 37, the top part 45 moves so as to 

protrude to the positive X-side or negative X-side 	(in the 

case of FIG. 2, 	the positive X-side) 	of the middle part 44. 

[0029] 

FIG. 	3 	is 	a 	diagram 	showing 	an 	example 	of 	the 

operating state of the transfer apparatus 40. 

When the moving unit 42 rushes out to the positive X-
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side or negative X-side of the rail 10 during the traveling 

of the ceiling travelling vehicle 20, the moving unit 42 may 

interfere with an adjacent structure, whether the gripper 49 

is grasping the article FP or not. 	For this reason, 	during 

the 	traveling 	of 	the 	ceiling 	travelling 	vehicle 	20, 	the 

transfer apparatus 40 keeps the moving unit 42 in a state in 

which 	the 	moving 	unit 	42 	is 	located 	in 	a 	predetermined 

reference 	position 	P1 	(a 	first 	state), 	without 	moving 	the 

moving unit 42 to the positive X-side or negative X-side, 	as 

shown in FIG. 	3. 	In the first state, 	the reference position 

P1 is the position of the moving unit 42 during the traveling 

of the ceiling travelling vehicle 20. 	While, 	in the present 

embodiment, 	the reference position P1 is a position in which 

the base 41 and moving unit 42 	(the middle part 44 and top 

part 45) 	overlap each other when seen in the Z-direction, 	it 

may be other positions. 

[0030] 

On the other hand, 	in order to place the article FP 

grasped by the gripper 49 on the second support member 17 or 

18 or in order to grasp the article FP on the second support 

member 17 or 18 with the gripper 49, 	the ceiling travelling 

vehicle 	20 	is 	stopped. 	Then, 	the 	transfer 	apparatus 	40 

places the top part 45 of the moving unit 42 in a state in 

which the top part 45 has been moved to a protruding position 

P2 in the first direction Dl or a protruding position P3 in 

the 	second direction D2 	(a 	second 	state). 	The protruding 

position P2 	is 	located 	in the positive 	Z-direction of 	the 

second 	support 	member 	17. 	The 	protruding position 	P3 	is 

located in the positive 	Z-direction of 	the 	second support 
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member 18. 	As 	shown by dot-and-dash 	lines 	in FIG. 	3, 	by 

advancing the belt 48a in the second state, 	the platform 48 

and gripper 49 can be lowered. 	Thus, when the gripper 49 is 

grasping the 	article 	FP, 	it 	can place 	the article 	FP, 	for 

example, 	on the 	second support member 17 	or 18; 	when the 

gripper 49 	is 	not grasping the article 	FP but 	rather the 

article FP is placed on the second support member 17 or 18, 

the gripper 49 can grasp the article FP on the second support 

member 17 or 18. 

[0031] 

Further, 	in order to place the article FP grasped by 

the gripper 49 on a predetermined position of a device or the 

like disposed below the rail 	10 	or in order to grasp the 

article FP placed in a predetermined position of a device or 

the like disposed below the rail 10 with the gripper 49, the 

ceiling travelling vehicle 20 is stopped. 	Then, the transfer 

apparatus 40 places the platform 48 in a state in which the 

platform 48 has moved in the negative Z-direction 	(a third 

state), without moving the moving unit 42 to the protruding 

position P2 or protruding position P3. 	In the third state, 

the positional relationship between the gripper 49 and the 

article FP is fine-adjusted. 	Thus, 	the moving unit 42 can be 

moved only in a predetermined range in the X-direction. 

[0032] 

FIG. 4 is a perspective view showing an example of the 

movement regulation unit 43. 	FIG. 	5 is a side view showing 

an example of the movement regulation unit 43. 

As 	shown 	in FIGs. 	4 	and 5, 	the movement 	regulation 

unit 43 includes a drive source 51, 	a rotation transmission 
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gear 52, 	a rotation shaft 53, 	a rotor 54, 	an indication unit 

55, 	a 	sensor 	unit 	56, 	a 	controller 	57, 	and 	a 	mechanical 

stopper 60. 

[0033] 

The 	drive 	source 	51 	is, 	for 	example, 	a 	motor 	and 

includes 	an output 	shaft 	51a 	that 	outputs 	rotation. 	The 

drive 	source 	51 	rotates 	the 	output 	shaft 	51a 	in 	the 	19Z- 

direction. 	The 	rotation 	transmission 	gear 	52 	includes 	a 

first gear 52a and a second gear 52b. 	The first gear 52a is 

fixed to the output shaft 51a of the drive source 51. 	The 

second 	gear 	52b 	is 	engaged 	with 	the 	first 	gear 	52a 	and 

converts 	the 	rotation 	of 	the 	first 	gear 	52a 	in 	the 	6Z- 

direction 	into 	rotation 	in 	the 	0Y-direction. 	The 	rotation 

shaft 53 is fixed to the second gear 52b. 	With the rotation 

of the second gear 52b, 	the rotation shaft 53 rotates in a 

direction 	(0Y-direction) 	around 	a 	rotation 	center 	axis 	AX 

which is 	along the Y-direction. 	The rotor 54 	is 	disposed 

integrally with the rotation shaft 53. 	The rotation of the 

rotation shaft 53 	rotates the rotor 54 	in a direction 	(8Y- 

direction) around the rotation center axis AX. 

[0034] 

The 	rotor 	54 	is 	fixed 	in 	such 	a 	manner 	that 	the 

positions 	thereof 	in 	the 	X-direction, 	Y-direction, 	and 	Z- 

direction are not 	changed. 	The 	rotor 	54 	includes 	a 	first 

stopper 	(stopper) 	54a, 	a 	second 	stopper 	(stopper) 	54b, 	a 

third 	stopper 	(outer 	stopper) 	54c, 	and 	a 	fourth 	stopper 

(outer stopper) 	54d. 

[0035] 

The first stopper 54a and the second stopper 54b are 
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both formed along a cylindrical surface around the rotation 

center axis AX of the rotor 54. 	Gaps 54m, 	54n are formed 

between the first stopper 54a and second stopper 54b. 	The 

third stopper 54c and fourth stopper 54d are also both formed 

along a cylindrical surface around the rotation center axis 

AX. 	This cylindrical surface lies outside that of the first 

stopper 54a and second stopper 54b. 

[0036] 

As 	shown 	in 	FIGs. 	4 	and 	5, 	an 	engaging 	part 	45a 

protruding in the negative Y-direction is 	disposed on the 

negative Y-side 	surface 	of 	the 	top part 	45. 	The engaging 

part 	45a 	is 	formed 	in, 	for example, 	a 	cylindrical 	or bar 

shape. 	The first to fourth stoppers 54a to 54d are disposed 

around the engaging part 45a. 	That is, 	the negative Y-side 

end of the engaging part 45a is surrounded by the first to 

fourth 	stoppers 	54a 	to 	54d. 	When 	the 	first 	to 	fourth 

stoppers 	54a 	to 	54d 	contact 	the 	engaging 	part 	45a, 	they 

restrict 	the 	movement 	of 	the 	engaging 	part 	45a 	and 	thus 

restrict the movement of the top part 45. 	The middle part 44 

moves in synchronization with the top part 45. 	Accordingly, 

when 	the movement 	of 	the 	top 	part 	45 	is 	restricted, 	the 

movement 	of 	the 	middle 	part 	44 	is 	regulated 	as 	well. 

Accordingly, by regulating the movement of the engaging part 

45a, 	the movement of the moving unit 42 	(the middle part 44 

and top part 45) can be restricted. 

[0037] 

FIG. 	6(a) 	is a diagram showing an example of the rotor 

54 when seen in the negative Y-direction. 	FIG. 	6(a) 	shows 

the engaging part 45a of the top part 45 along with the rotor 
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54. 	With regard to the negative and positive 	0Y-directions 

around 	the 	Y-axis, 	the 	clockwise 	direction 	seen 	in 	the 

traveling direction (the positive Y-direction) is referred to 

as 	a 	positive 	0Y-direction, 	and 	the 	counterclockwise 

direction as a negative 8Y-direction. 	Since the rotor 54 is 

seen in a direction opposite to the traveling direction in 

FIG. 	6(a), 	the 	positive 	8Y-direction 	is 	shown 	as 	the 

clockwise 	direction 	in 	the 	diagram, 	and 	the 	negative 	0Y- 

direction is shown as the counterclockwise direction. 

[0038] 

As shown in FIG. 	6(a), 	the first stopper 54a is formed 

over a range of an angle al 	in the 8Y-direction around the 

rotation center axis AX. 	The angle al is set to, 	for example, 

about 120°, 	but is not limited thereto. 	The second stopper 

54b is formed over a range of an angle a2 in the 8Y-direction 

around the rotation center axis AX. 	The angle a2 can be set 

to, 	for example, about 60°, but is not limited thereto. 

[0039] 

The gap 54m is 	formed from the positive 8Y-side edge 

of the first stopper 54a to the negative BY-side edge of the 

second stopper 54b and in a range of an angle a3 in the 0Y- 

direction around the rotation center axis AX. 	The gap 54n is 

formed from the negative 	0Y-side edge of the first 	stopper 

54a to the positive 0Y-side edge of the second stopper 54b 

and in a range of an angle a4 in the 0Y-direction around the 

rotation center axis AX. 	The angle a3 	is set to a larger 

angle than the angle a4. 	The angle a4 is set in accordance 

with 	the 	diameter 	of 	the 	engaging 	part 	45a 	so 	that 	the 

engaging part 45a can pass through the gap 54n. 	Note that 
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the angle a4 may be set first and then the diameter of the 

engaging part 45a may be set in accordance with the value of 

the angle a4. 	In the present embodiment, 	the angle a3 and 

the 	angle 	a4 	are 	set 	to 	about 	120° 	and 	about 	60°, 

respectively, but not limited thereto. 

[0040] 

The 	third stopper 54c 	is 	formed over a range 	of 	an 

angle a5 in the 0Y-direction around the rotation center axis 

AX. 	The angle a5 is set to, 	for example, 	about 60°, but not 

limited thereto. 	The third stopper 54c is disposed so as to 

cover 	a 	gap 	formed 	on 	the 	negative 	0Y-side 	of 	the 	first 

stopper 54a against the rotation direction of the rotor 54. 

[0041] 

The 	fourth 	stopper 	54d 	is 	disposed 	in 	a 	position 

displaced 	from 	the 	third 	stopper 	54c 	by 	180° 	around 	the 

rotation center axis AX. 	The fourth stopper 54d is formed 

over a range of an angle a6 in the 0Y-direction. 	The angle 

a5 is set to, for example, about 60°, but not limited thereto. 

The fourth stopper 54d is disposed so as to cover a part of a 

gap formed on the positive 0Y-side of the first stopper 54a 

in the rotation direction of the rotor 54. 

[0042] 

FIG. 	6(b) 	is 	a 	diagram 	showing 	an 	example 	of 	the 

indication unit 55 and the sensor unit 56 when seen in the 

positive 	Y-side. 	As 	in FIG. 	6(a), 	the 	clockwise 	direction 

seen in the traveling direction (the positive Y-direction) 	is 

referred 	to 	as 	the 	positive 	0Y-direction, 	and 	the 

counterclockwise direction as the negative 0Y-direction. 

As 	shown 	in 	FIG. 	6(b), 	the 	indication 	unit 	55 	is 
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formed in a disc shape and fixed to the second gear 52b or 

the rotation shaft 53. 	The attitude of the indication unit 

55 	shown 	in 	FIG. 	6(b) 	corresponds 	to 	the 	attitude 	of 	the 

rotor 	54 	shown 	in 	FIG. 	6(a). 	That 	is, 	when 	the 	rotor 	54 

takes the attitude shown in FIG. 6(a), the indication unit 55 

takes the attitude shown in FIG. 	6(b). 	Conversely, 	when the 

indication unit 55 takes the attitude shown in FIG. 6(b), the 

rotor 	54 	takes 	the 	attitude 	shown 	in 	FIG. 	6(a). 	The 

indication unit 55 rotates integrally with the second gear 

52b or rotation shaft 53 in the 9Y-direction. 	Along with the 

indication unit 	55, 	the rotor 54 	is 	fixed to the rotation 

shaft 53. 	Accordingly, 	when the rotation shaft 53 	rotates, 

the indication unit 55 rotates integrally with the rotor 54. 

[0043] 

The indication unit 55 is disposed on the negative Y- 

side with respect 	to the 	second gear 52b. 	The 	indication 

unit 55 includes a base 55a and a light-shielding part 55b. 

The 	base 	55a 	is 	a part 	formed in a 	circular 	shape. 	The 

light-shielding part 55b is disposed on part of the perimeter 

of 	the 	base 	55a 	and 	is 	formed 	so 	as 	to 	be 	capable 	of 

shielding detection light used by the sensor unit 56. 	The 

light-shielding part 55b has, 	for example, 	end surfaces 55c, 

55d. 	The end surfaces 55c, 	55d are disposed so as to form an 

angle In in the 8Y-direction around the rotation center axis 

AX. 	The angle /31 	formed is below 120°, 	for example, 	about 

116°, but not limited thereto. 	In the configuration shown in 

FIG. 	6(b), 	the 	light-shielding part 	55b 	is 	disposed on the 

positive X-side with respect to the base 55a. 

[0044] 
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The 	sensor 	unit 	56 	includes 	a 	first 	sensor 	61, 	a 

	

second sensor 62, a third sensor 63, 	and a fourth sensor 64. 

For example, as shown in FIG. 	5, 	the first to fourth sensors 

61 to 64 each include a base 56a, a light emitter 56b, 	and a 

light receiver 56c. 	The base 56a is formed in a U-shape and 

has two parallel ends 	(a first end 56m and a second end 56n). 

The light emitter 56b is disposed on the first end 56m and 

emits inspection light. 	The light receiver 56c is disposed 

on the second end 56n. 	The light emitter 56b is, 	for example, 

an 	LED, 	and 	the 	light 	receiver 	56c 	is, 	for 	example, 	a 

photoelectric conversion element, such as a photodiode. 

[0045] 

	

In the present embodiment, 	the light emitter 56b and 

light receiver 56c are disposed so as to be opposed to each 

other. 	A predetermined 	gap 	is 	formed 	between 	the 	light 

emitter 	56b 	and 	light 	receiver 	56c 	in 	the 	Y-direction. 

Inspection light emitted from the light emitter 56b travels 

this 	gap 	and 	enters 	the 	light 	receiver 	56c. 	The 	light 

receiver 	56c 	photoelectrically 	converts 	the 	received 

inspection 	light 	and outputs 	a 	light 	reception 	signal 	(an 

electrical signal). 

[0046] 

The first to fourth sensors 61 to 64 are each disposed 

in 	such 	a 	manner 	that 	the 	light 	emitter 	56b 	and 	light 

receiver 56c are opposed to each other with the track of the 

light-shielding part 55b therebetween. 	When the indication 

unit 55 rotates, 	the light-shielding part 55b enters between 

the light emitter 56b and light receiver 56c depending on the 

rotation 	angle. 	When 	the 	light-shielding part 	55b 	enters 
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between the light emitter 56b and light receiver 56c due to 

the rotation of the indication unit 55, the inspection light 

is 	shielded by the 	light-shielding part 	55b. 	Accordingly, 

the 	light 	receiver 	56c 	does 	not 	output 	a 	light 	reception 

signal. 	By 	detecting 	whether 	there 	is 	a 	light 	reception 

signal, 	the 	first 	to 	fourth 	sensors 	61 	to 	64 	can 	detect 

whether the light-shielding part 55b is present between the 

light emitter 56b and light receiver 56c. 

[0047] 

As shown in FIG. 	6(b), 	the first sensor 61 is disposed 

on the negative X-side of the rotation center axis AX. 	The 

second sensor 62 	is 	spaced from the first sensor 61 by an 

angle 	132 	in the negative 9Y-direction. 	The third sensor 63 

is spaced from the second sensor 62 by an angle g3 in the 

negative 8Y-direction. 	The fourth sensor 64 is spaced from 

the 	third 	sensor 	63 	by 	an 	angle 	P4 	in 	the 	negative 	8Y- 

direction. 	The angles 02, 	g3, 	and g4 	are each set to, 	for 

example, 	about 	60°. 	This 	disposition prevents 	the 	light- 

shielding part 55b from simultaneously overlapping three or 

more of the first to fourth sensors 61 to 64. 

[0048] 

In 	the 	present 	embodiment, 	the 	first 	sensor 	61 	and 

third sensor 63 are spaced from each other by 120°  in the 9Y- 

direction around the rotation center axis AX, 	and the range 

of the light-shielding part 55b in the 0Y-direction is 116°. 

Accordingly, 	for example, 	when the light-shielding part 55b 

is disposed between the first sensor 61 and third sensor 63, 

the positive 0Y-side edge of the light-shielding part 55b and 

the first sensor 61 are spaced from each other by only about 
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2°  in the 0Y-direction. 	Similarly, 	the negative 0Y-side edge 

of the light-shielding part 55b and the third sensor 63 are 

spaced from each other by only about 2° in the 0Y-direction. 

For this reason, when the indication unit 55 rotates by 2° or 

more 	in the 	0Y-direction with the light-shielding part 55b 

between the first sensor 61 and third sensor 63, 	one of the 

0Y-side 	edges 	of 	the 	light-shielding part 	55b 	shields 	the 

inspection light of the first sensor 61 or that of the third 

sensor 63. 	The 	same applies even when the light-shielding 

part 55b is disposed between the second sensor 62 and fourth 

sensor 64. 

[0049] 

The mechanical stopper 60 has a stopper surface 65 and 

a stopper surface 66. 	The stopper surface 65 contacts the 

end surface 55c of the light-shielding part 55b. 	The stopper 

surface 	66 	contacts 	the 	end 	surface 	55d 	of 	the 	light- 

shielding part 55b. 	When the end surfaces 55c, 	55d of the 

light-shielding part 55b contact the stopper surfaces 65, 66, 

respectively, 	the rotation of the indication unit 55 in the 

0Y-direction is restricted. 	In the present embodiment, 	the 

indication unit 55 is restricted so as to rotate in a range 

of 180° between a state in which the end surface 55c is 	in 

contact with the 	stopper surface 	65 	(a state in which the 

light-shielding part 55b is disposed on the positive X-side 

with respect to the base 55a) 	and a state in which the end 

surface 	55d 	is 	in contact 	with 	the 	stopper 	surface 	66 	(a 

state in which the light-shielding part 55b is disposed on 

the negative X-side with respect to the base 55a). 

[0050] 
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Next, the operation of the movement regulation unit 43 

will be described. 	FIGs. 	7(a) 	to 7(d) 	are diagrams showing 

the operation of the movement regulation unit 43. 

FIG. 	7(a) 	shows 	the 	operation 	of 	the 	movement 

regulation unit 43 	in placing the transfer apparatus 40 	in 

the first state 	(see FIG. 	3 and the like). 

[0051] 

As 	shown in FIG. 	7(a), 	in order to place 	the moving 

unit 	42 	in the 	first 	state, 	the 	controller 57 	adjusts 	the 

attitude of the rotor 54 so that the second stopper 54b is 

disposed on the positive X-side of the engaging part 45a and 

the first stopper 54a is disposed on the negative X-side of 

the 	engaging 	part 	45a. 	Hereafter 	this 	attitude 	will 	be 

referred to 	as 	a 	"first 	attitude." 	When 	the 	rotor 	54 	is 

taking the first attitude, 	the 	following occurs: 	when the 

moving unit 42 	(the 	top part 	45) 	attempts 	to move 	in the 

positive 	X-direction, 	the 	engaging 	part 	45a 	contacts 	the 

second stopper 54b; when it attempts to move in the negative 

X-direction, the engaging part 45a contacts the first stopper 

54a. 	Thus, 	the movement of the engaging part 45a in the X- 

direction is restricted, and the movement of the moving unit 

42 in the X-direction is restricted accordingly. 	As a result, 

the 	moving 	unit 	42 	is 	placed 	in 	a 	state 	in which 	it 	is 

located in the reference position P1. 

[0052] 

When the 	rotor 54 	is 	taking the 	first attitude, 	the 

light-shielding 	part 	55b 	of 	the 	indication 	unit 	55 	is 

disposed between the first sensor 61 and third sensor 63. 	In 

the first sensor 61, 	third sensor 63, 	and fourth sensor 64, 
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the 	light 	receiver 	56c 	receives 	inspection 	light 	from the 

light emitter 56b and outputs a light reception signal; 	in 

the 	second 	sensor 	62, 	inspection 	light 	is 	shielded 	and 

therefore no light reception signal is outputted. 

[0053] 

As seen above, 	the controller 57 can set the attitude 

of 	the 	rotor 	54 	to 	the 	first 	attitude 	by 	adjusting 	the 

attitude of the indication unit 55 so that the first sensor 

61, 	third 	sensor 	63, 	and 	fourth 	sensor 	64 	output 	light 

reception signals and the second sensor 62 does not output a 

light reception signal. 

[0054] 

At 	this 	time, 	the 	controller 	57 	detects 	the 	light 

reception signals of the first to fourth sensors 61 to 64 and 

rotates the indication unit 55 in the positive 0Y-direction 

or negative 0Y-direction on the basis of the detection result. 

For example, 	when the controller 57 detects that the first 

sensor 61 is shielded from light, 	the controller 57 rotates 

the 	indication 	unit 	55 	in 	the 	negative 	0Y-direction, 	and 

immediately after the 	first 	sensor 61 	is 	changed from the 

light-shielded 	state 	to 	a 	light 	receiving 	state, 	the 

controller 57 	stops rotating the indication unit 55. 	Thus, 

the 	light-shielding part 	55b 	can 	be 	disposed 	between 	the 

first sensor 61 and third sensor 63. 

[0055] 

When the controller 57 detects that the fourth sensor 

64 is shielded from light, 	it rotates the indication unit 55 

in the positive 	0Y-direction to shield the third sensor 63 

from 	light; 	when the 	controller 57 	detects 	that 	the 	third 

25 



sensor 	63 	is 	shielded 	from 	light, 	it 	further 	rotates 	the 

indication unit 55 in the positive 9Y-direction, 	as well as 

detects the output of the third sensor 63; 	and immediately 

after the third sensor 63 is changed from the light-shielded 

state 	to a 	light 	receiving 	state, 	the 	controller 	57 	stops 

rotating 	the 	indication unit 	55. 	In 	this 	case, 	too, 	the 

light-shielding part 55b is disposed between the first sensor 

61 and third sensor 63. 

[0056] 

Cases 	in which the moving unit 	42 	is placed in the 

second state include a case in which the moving unit 42 is 

moved to the protruding position P2 in the first direction Dl 

and 	a 	case 	in which 	the moving unit 	42 	is 	moved 	to 	the 

protruding position P3 	in the second direction D2. 	In the 

case in which the moving unit 42 is moved to the protruding 

position P2, 	the controller 57 adjusts 	the attitude of the 

rotor 54 so that the gap 54m is disposed on the positive X-

side of the engaging part 45a and the first stopper 54a is 

disposed on the negative X-side of the engaging part 45a, as 

shown 	in 	FIG. 	7(b). 	Hereafter, 	this 	attitude 	will 	be 

referred to as a "second attitude." 	When the moving unit 42 

attempts to move in the positive X-direction with the rotor 

54 taking the second attitude, 	the engaging part 45a passes 

through 	the 	gap 	54m. 	Accordingly, 	the 	movement 	of 	the 

engaging part 45a is not restricted, which allows the moving 

unit 42 to move in the first direction Dl. 	On the other hand, 

when the moving unit 42 attempts to move in the negative X- 

direction, 	the engaging part 45a contacts the first stopper 

54a and thus the movement thereof in the negative X-direction 
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is restricted. 	Thus, 	for example, 	when the moving unit 	42 

attempts to return from the protruding position P2 	to the 

reference position P1, 	the movement thereof in the negative 

X-direction 	beyond 	the 	reference 	position 	P1 	can 	be 

restricted. 

[0057] 

	

When the rotor 54 	is taking the second attitude, 	the 

end surface 55d of the light-shielding part 55b contacts the 

stopper 	surface 	66, 	as 	shown 	in 	FIG. 	7(b). 	The 	light- 

shielding part 55b is disposed on the positive 8Y-side of the 

second 	sensor 	62, 	and 	the 	central 	portion 	of 	the 	light- 

shielding part 55b in the 8Y-direction is disposed so as to 

correspond to the first sensor 61. 	In the second sensor 62, 

third sensor 63 and fourth sensor 64, 	the light receiver 56c 

receives 	inspection 	light 	from 	the 	light 	emitter 	56b 	and 

outputs 	light 	reception 	signal; 	in 	the 	first 	sensor 	61, 

inspection light is shielded and therefore no light reception 

signal is outputted. 

[0058] 

	

As seen above, 	the controller 57 can set the attitude 

of 	the 	rotor 	54 	to 	the 	second attitude 	by 	adjusting 	the 

attitude of the indication unit 55 so that the second sensor 

62, 	third 	sensor 	63, 	and 	fourth 	sensor 	64 	output 	light 

reception signals and the first sensor 61 does not output a 

light reception signal. 

[0059] 

At 	this 	time, 	the 	controller 	57 	detects 	the 	light 

reception signals of the first to fourth sensors 61 to 64 and 

rotates the indication unit 55 in the positive 8Y-direction 
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or negative 9Y-direction on the basis of the detection result. 

For example, when the controller 57 detects that one of the 

third sensor 63 and fourth sensor 64 is shielded from light, 

it 	rotates 	the 	indication 	unit 	55 	in 	the 	positive 	6Y- 

direction to shield the second sensor 62 from light; when the 

controller 57 detects that the second sensor 62 is shielded 

from light, 	it further rotates the indication unit 55 in the 

positive 0Y-direction, 	as well as detects the output of the 

second sensor 62; and immediately after the second sensor 62 

is changed from the light-shielded state to a light receiving 

state, 	the controller 57 stops rotating the indication unit 

55. 	Thus, 	the light-shielding part 55b can be disposed on 

the positive 8Y-side of the second sensor 62. 

[0060] 

In the present embodiment, 	the stopper surface 	66 	is 

provided. 	Thus, 	by contacting the 	end surface 	55d of 	the 

light-shielding part 	55b 	with 	the 	stopper 	surface 	66, 	the 

rotation 	of 	the 	indication 	unit 	55 	can 	be 	restricted. 

Instead of providing the stopper surface 66 	(the mechanical 

stopper 60), 	a sensor having the same function as the first 

to fourth sensors 61 to 64 may be disposed in the position of 

the 	stopper 	surface 	66. 	In 	this 	configuration, 	the 

controller 57 can control the indication unit 55 so that the 

rotation of 	the 	indication unit 	55 	is 	stopped, 	using 	the 

detection result of the sensor. 

[0061] 

In the case in which the moving unit 42 is moved to 

the protruding position P3 	in the second direction D2, 	the 

controller 57 adjusts the attitude of the rotor 54 so that 
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the first stopper 54a is disposed on the positive X-side of 

the engaging part 45a and the gap 54m is disposed on the 

negative X-side of the engaging part 45a, 	as shown in FIG. 

7(c). 	Hereafter, 	this 	attitude 	will 	be 	referred 	to 	as 	a 

"third attitude." 	When the moving unit 42 attempts to move 

in 	the negative X-direction with 	the 	rotor 	54 	taking 	the 

third attitude, the engaging part 45a passes through the gap 

54m. 	Accordingly, 	the movement of the engaging part 45a is 

not restricted, 	which allows the moving unit 42 to move in 

the second direction D2. 	On the other hand, when the moving 

unit 	42 	attempts 	to move 	in the positive X-direction, 	the 

engaging part 45a contacts the first stopper 54a and thus the 

movement thereof in the positive X-direction is restricted. 

Thus, for example, when the moving unit 42 attempts to return 

from the protruding position P3 to the reference position P1, 

the movement thereof in the positive X-direction beyond the 

reference position P1 can be restricted. 

[00621 

When the 	rotor 54 	is 	taking the third attitude, 	the 

end surface 55c of the light-shielding part 55b is in contact 

with 	the 	stopper 	surface 	65, 	as 	shown 	in 	FIG. 	7(c). 	The 

light-shielding part 55b is disposed on the negative 8Y-side 

of the third sensor 63, and the central portion of the light-

shielding part 55b in the BY-direction is disposed so as to 

correspond to the fourth sensor 64. 	In the first sensor 61, 

second sensor 62, and third sensor 63, the light receiver 56c 

receives 	inspection 	light 	from 	the 	light 	emitter 	56b 	and 

outputs a light reception signal; 	in the fourth sensor 64, 

inspection light is shielded and therefore no light reception 
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signal is outputted. 

[0063] 

As seen above, 	the controller 57 can set the attitude 

of 	the 	rotor 	54 	to 	the 	third 	attitude 	by 	adjusting 	the 

attitude of the indication unit 55 so that the first sensor 

61, 	second 	sensor 	62, 	and 	third 	sensor 	63 	output 	light 

reception signals and the fourth sensor 64 does not output a 

light reception signal. 

[0064] 

At 	this 	time, 	the 	controller 	57 	detects 	the 	light 

reception signals of the first to fourth sensors 61 to 64 and 

rotates the indication unit 55 in the positive 0Y-direction 

or negative 0Y-direction on the basis of the detection result. 

For example, 	when the controller 57 detects that one of the 

first sensor 61 and second sensor 62 is shielded from light, 

it 	rotates 	the 	indication 	unit 	55 	in 	the 	negative 	0Y- 

direction to shield the third sensor 63 from light; when the 

controller 57 detects that the third sensor 63 	is shielded 

from light, 	it further rotates the indication unit 55 in the 

negative 8Y-direction, 	as well as detects the output of the 

third sensor 63; and immediately after the third sensor 63 is 

changed from the 	light-shielded state to a light receiving 

state, 	the controller 57 stops rotating the indication unit 

55. 	Thus, 	the 	light-shielding part 55b can be disposed on 

the negative 0Y-side of the third sensor 63. 

[0065] 

In the present embodiment, 	the stopper surface 	65 	is 

provided. 	Thus, 	by contacting the end surface 	55c 	of 	the 

light-shielding part 	55b with 	the 	stopper 	surface 	65, 	the 
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rotation 	of 	the 	indication 	unit 	55 	can 	be 	restricted. 

Instead of providing the stopper surface 65 	(the mechanical 

stopper 60), 	a sensor having the same function as the first 

to fourth sensors 61 to 64 may be disposed in the position of 

the 	stopper 	surface 	65. 	In 	this 	configuration, 	the 

controller 57 can control the indication unit 55 so that the 

rotation 	of 	the 	indication unit 	55 	is 	stopped, 	using 	the 

detection result of the sensor. 

[0066] 

	

In placing the moving unit 42 in the third state, 	the 

controller 57 adjusts the attitude of the rotor 54 so that 

the 	gap 	54n 	is 	disposed 	on 	the 	positive 	X-side 	of 	the 

engaging part 45a; 	the third stopper 54c is disposed on the 

positive X-side of the gap 54n; 	the gap 54m is disposed on 

the negative X-side of the engaging part 45a; and the fourth 

stopper 54d is disposed on the negative X-side of the gap 54m, 

as 	shown 	in 	FIG. 	7(d). 	Hereafter, 	this 	attitude 	will 	be 

referred to as a "fourth attitude." 	When the moving unit 42 

attempts to move in the positive X-direction with the rotor 

54 taking the fourth attitude, 	the engaging part 45a passes 

through 	the 	gap 	54n. 	However, 	when 	the 	moving 	unit 	42 

further attempts 	to move 	in 	the positive X-direction, 	the 

engaging part 45a contacts the third stopper 54c. 	As seen 

above, 	the 	engaging 	part 	45a 	is 	allowed 	to 	move 	in 	the 

positive X-direction in a predetermined range L from the gap 

54n to the 	third stopper 54c. 	Similarly, 	when the moving 

unit 	42 	attempts 	to move 	in the negative X-direction, 	the 

engaging part 45a passes through the gap 54m, 	and when the 

moving unit 42 further attempts to move in the negative X- 
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direction, 	the engaging part 45a contacts the fourth stopper 

54d. 	As seen above, the engaging part 45a is allowed to move 

in the negative X-direction in a predetermined range from the 

gap 54m to the fourth stopper 54d. 	Thus, 	the moving unit 42 

is allowed to move in the X-direction in a range from the 

third 	stopper 	54c 	to 	the 	fourth 	stopper 	54d, 	and 	further 

movement thereof in the X-direction is restricted. 

[0067] 

When the rotor 54 	is taking the fourth attitude, 	the 

light-shielding 	part 	55b 	of 	the 	indication 	unit 	55 	is 

disposed between the second sensor 62 and fourth sensor 64. 

In the first sensor 61, 	second sensor 62, 	and fourth sensor 

64, the light receiver 56c receives inspection light from the 

light emitter 56b and outputs a light reception signal; 	in 

the 	third 	sensor 	63, 	inspection 	light 	is 	shielded 	and 

therefore no light reception signal is outputted. 

[0068] 

	

As seen above, 	the controller 57 can set the attitude 

of 	the 	rotor 	54 	to 	the 	fourth 	attitude 	by adjusting 	the 

attitude of the indication unit 55 so that the first sensor 

61, 	second 	sensor 	62, 	and 	fourth 	sensor 	64 	output 	light 

reception signals and the third sensor 63 does not output a 

light reception signal. 

[0069] 

At 	this 	time, 	the 	controller 	57 	detects 	the 	light 

reception signals of the first to fourth sensors 61 to 64 and 

rotates the indication unit 55 in the positive 8Y-direction 

or negative 8Y-direction on the basis of the detection result. 

For example, 	when the controller 57 detects that the first 
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sensor 61 is shielded from light, 	it rotates the indication 

unit 	55 	in 	the 	negative 	0Y-direction to 	shield 	the 	second 

sensor 62 from light; when the controller 57 detects that the 

second sensor 62 is shielded from light, 	it further rotates 

the indication unit 55 in the negative 0Y-direction, 	as well 

as 	detects 	the 	output 	of 	the 	second 	sensor 	62; 	and 

immediately after the second sensor 62 is changed from the 

light-shielded 	state 	to 	a 	light 	receiving 	state, 	the 

controller 57 stops rotating the indication unit 55. 	Thus, 

the 	light-shielding 	part 	55b 	can 	be 	disposed between 	the 

second sensor 62 and fourth sensor 64. 

[0070] 

For example, 	when the controller 57 detects that the 

fourth sensor 64 	is shielded from light, 	it further rotates 

the indication unit 55 in the positive 0Y-direction, 	as well 

as 	detects 	the 	output 	of 	the 	fourth 	sensor 	64; 	and 

immediately after the fourth sensor 64 is changed from the 

light-shielded 	state 	to 	a 	light 	receiving 	state, 	the 

controller 57 stops rotating the indication unit 55. 	In this 

case, 	too, 	the 	light-shielding 	part 	55b 	can 	be 	disposed 

between the second sensor 62 and fourth sensor 64. 

[0071] 

As 	seen above, 	according 	to 	the present 	embodiment, 

the movement regulation unit 43 can switch between the first 

state, 	in 	which 	the 	moving 	unit 	42 	is 	restricted 	in 	the 

reference position P1, 	and the 	second state, 	in which the 

moving unit 42 is allowed to move from the reference position 

P1 to one of the first and second directions Dl and D2 and in 

which the movement thereof in other direction is restricted. 
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Thus, 	in a case in which the moving unit 42 is moved in the 

first direction D1 and then moved in the second direction D2 

to 	return 	it 	to the 	reference 	position 	P1, 	the movement 

regulation unit 43 prevents the moving unit 42 rushing out in 

the second direction D2. 	As a result, 	inadvertent rush-out 

of the moving unit 42 is reliably prevented. 

[0072] 

While 	the 	embodiment 	has 	been 	described 	above, 	the 

present 	invention is not 	limited thereto. 	Various 	changes 

can be made 	to 	the 	embodiment 	without 	departing from the 

spirit 	and 	scope of 	the 	invention. 	While, 	in the 	above 

embodiment, 	the attitude of the rotor 54 	is detected using 

the 	four 	sensors (the 	first 	to 	fourth 	sensors 	61 	to 	64) 

forming the sensor unit 56 and the indication unit 55, 	other 

configurations may be 	employed. 	For example, 	some 	of 	the 

first to fourth sensors 61 to 64 forming the sensor 56 may be 

omitted, 	or the 	same 	sensor may be 	additionally disposed. 

Further, 	a configuration may be employed in which rotation 

information 	of 	the 	rotation 	shaft 	53 	is 	detected 	using 

another sensor, such as a rotary encoder, and the rotation of 

the 	rotation 	shaft 	53 	is 	adjusted 	on 	the 	basis 	of 	the 

detection result. 

While, 	in the embodiment, 	the 	controller 57 controls 

the 	rotation of 	the 	drive 	source 	51 	on 	the 	basis 	of 	the 

detection result of the sensor 56, 	other configurations may 

example, 	a main controller that centrally be employed. 	For 

controls 	rails 	10, a ceiling travelling vehicle 20, 	and 	a 

transfer apparatus 40 may perform this operation. In this 

case, when a detection failure occurs in any of the first to 
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fourth 	sensors 	61 	to 	64 	in 	the 	embodiment, 	the 	main 

controller may stop the operation of the elements, 	and the 

controller 57 may stop the operation of the drive source 51. 

[0073] 

While, 	in 	the 	embodiment, 	the 	belt 	mechanism 	30 	is 

used 	as 	an 	element 	for moving 	the 	moving unit 	42, 	other 

configurations 	may 	be 	employed. 	For 	example, 	other 	drive 

systems such as a gear mechanism may be used. 

Description of Reference Signs 

[0074] 

Dl...first 	direction 	D2...second 	direction 	FP...article 

L...predetermined range Pl...reference position P2, 	P3...protruding 

position AX...rotation center axis l...processing chamber 10_rail 

20...ceiling 	travelling 	vehicle 	30...belt 	mechanism 	40...transfer 

apparatus 	41_base 	(main 	body) 	42...moving 	unit 	43...transfer 

regulation unit 44...middle part 45...top part 45a...engaging part 

47...ascent/descent drive unit 48...platform 48a...belt 49...gripper 

54...rotor 	54a...first 	stopper 	(stopper) 	54b...second 	stopper 

(stopper) 	54c...third 	stopper 	(outer 	stopper) 	54d...fourth 

stopper 	(outer 	stopper) 	54m . 	54n...gap 	55...indication 	unit 

55b_light-shielding 	part 	56...sensor 	57...controller 	61_first 

sensor 62...second sensor 63...third sensor 64...fourth sensor 
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CLAIMS 

1. A transfer apparatus that comprises a moving unit 

capable 	of 	moving 	with 	respect 	to 	a 	main 	body 	and 

transferring an article with the moving unit protruding from 

the main body, the transfer apparatus comprising 

a movement regulation unit configured to be capable of 

switching between a first state in which the moving unit is 

restricted 	in a 	reference position and a 	second 	state 	in 

which the moving unit is allowed to move from the reference 

position to one of a first direction and a second direction 

opposite to the first direction and in which movement of the 

moving unit in the other direction is restricted. 

2. The 	transfer 	apparatus 	of 	Claim 	1, 	wherein 	the 

movement regulation unit is 	formed so as to be capable of 

switching among the first state and the second state, as well 

as a third state in which the moving unit is allowed to move 

in the first direction and the second direction only in a 

predetermined range. 

3. The 	transfer 	apparatus 	of 	Claim 	1 	or 	2, 	wherein 

the 	movement 	regulation 	unit 	comprises 	a 	rotor 

comprising a stopper, the stopper being configured to contact 

an engaging part in a moving direction of the engaging part, 

the engaging part being disposed on the moving unit, and 

the movement regulation unit switches between at least 

the 	first 	state 	and 	the 	second 	state 	on 	the 	basis 	of 	a 

rotation position of the rotor. 

4. The 	transfer 	apparatus 	of 	Claim 	3, 	wherein 	the 

rotor comprises an outer stopper disposed outside the stopper 

and configured to allow the engaging part to move only in a 
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predetermined range. 

5. The transfer apparatus of Claim 3 or 4, wherein the 

movement 	regulation 	unit 	comprises 	an 	indication 	unit 

configured to 	rotate with rotation of 	the 	rotor, 	a sensor 

unit 	configured 	to 	detect 	the 	indication 	unit, 	and 	a 

controller configured to control the rotation position of the 

rotor on the basis of a detection result from the sensor unit. 

6. The transfer apparatus of Claim 5, wherein 

the sensor unit comprises a plurality of sensor units 

disposed along a rotation direction of the indication unit; 

and 	the controller controls 	the rotation position of the 

rotor on the basis of detection results from the sensor units. 

7. The transfer apparatus of any one of Claims 1 to 6, 

wherein 

the 	main 	body 	is 	connected 	to 	a 	ceiling 	traveling 

vehicle, and 

the moving unit comprises a gripper capable of holding 

an article and an ascent/descent 	drive unit 	configured to 

raise and lower the gripper. 

8. The 	transfer 	apparatus 	of 	Claim 	7, 	wherein 	the 

first 	direction 	and 	the 	second 	direction 	are 	directions 

crossing 	a 	traveling 	direction 	of 	the 	ceiling 	traveling 

vehicle, of horizontal directions. 

9. A method for controlling a transfer apparatus, 	the 

transfer apparatus comprising a moving unit capable of moving 

with respect to a main body and configured to transfer an 

article with the moving unit protruding from the main body, 

the method comprising 

switching, 	by a movement 	regulation unit, 	between a 
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first 	state 	in 	which the 	moving unit 	is 	restricted 	in a 

reference position and a second state 	in which the moving 

unit is allowed to move from the reference position to one of 

a 	first 	direction and a 	second direction opposite to the 

first direction and in which movement of the moving unit in 

the other direction is restricted. 
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