TI'TLE OF THE | NVENTI ON
PART SUPPORT APPARATUS, CONTROL METHOD, AND
MANUFACTURI NG METHOD

BACKGROUND OF THE | NVENTI ON
Field of the Invention
[ 0001] The present invention relates to a part
support apparatus, control nethod, and nmanufacturing
met hod.
Description of the Related Art
[ 0002] When connecting parts by brazing, welding,
adhesion, or the like, it is necessary to hold each
part as it is kept positioned during the connecting
work. As a system for supporting each part, Japanese
Pat ent No. 4742496 has discl osed a system which
repetitively transfers, positions, and holds small -
sized works with respect to a |l arge-sized work by using
articul ated robots. Japanese Patent No. 2741226 has
di scl osed a nmethod of designing a jig for supporting
parts form ng a piping product.
[ 0003] When manuf acturing a product in which a
plurality of parts are connected in the |ongitudinal
direction of the product, such as a piping product
havi ng an el aborately curved three-di nensi onal shape, a
net hod of supporting parts by a |layout in the conplete
state of a product, such as the jig disclosed in

Japanese Patent No. 2741226, is nore suitable than a



nmet hod of repetitively transferring and connecti ng
parts, such as the system di scl osed in Japanese Patent
No. 4742496. Since, however, these jigs are dedicated
to individual products, it takes a long tine to form
and prepare them and they cannot be applied to other

products.

SUMMVARY OF THE | NVENTI ON
[ 0004] It is an object of the present invention to
provi de a part support apparatus capabl e of supporting
parts of products even when the types or sizes of
products each obtai ned by connecting a plurality of
parts are different.
[ 0005] According to an aspect of the present
invention, there is provided a part support apparatus
for supporting a plurality of parts which forma
product by being connected to each other, conprising: a
plurality of support robots arranged in a work space
and configured to support the plurality of parts; a
control unit configured to control the plurality of
support robots; and a storage unit configured to store
a formpattern of each support robot corresponding to a
type of a product, wherein each of the plurality of
support robots includes: a support unit configured to
support a part; and a nultiaxial robot to which the
support unit is attached, and which changes a posture

and position of the support unit, and the control unit



controls the posture and position of each support unit
by the multiaxial robot based on the form pattern, such
that the plurality of parts are arranged to be
connectable to each other in the work space.

[ 0006] According to anot her aspect of the present
invention, there is provided a part support apparatus
for supporting a plurality of parts which forma
product by being connected to each other, conprising: a
frame configured to define a work space in which the
plurality of parts are arranged; and a plurality of
support robots arranged in the work space and
configured to support the plurality of parts, wherein
each of the plurality of support robots includes: a
support unit configured to support a part; and a
mul ti axi al robot to which the support unit is attached,
and whi ch changes a posture and position of the support
unit, and the frane defines an opening through which
the plurality of parts or the product can nove between
an inside and outside of the work space, and includes a
support portion configured to support the plurality of
support robots such that the plurality of support
robots are arrayed in a w dthw se direction of the
openi ng.

[ 0007] According to still another aspect of the
present invention, there is provided a nethod of
controlling a part support apparatus for supporting a

plurality of parts which forma product by being



connected to each other, wherein the part support
apparatus includes a plurality of support robots
arranged in a work space and configured to support the
plurality of parts, each of the plurality of support
robots includes: a support unit configured to support a
part; and a nultiaxial robot to which the support unit
is attached, and which changes a posture and position
of the support unit, and the nethod conprises: setting
information of the plurality of parts and infornmation
of the product; and controlling the posture and
position of each nultiaxial robot based on the

i nformation, such that the plurality of parts are
arranged to be connectable to each other in the work
space.

[ 0008] According to still another aspect of the
present invention, there is provided a nethod of

manuf acturi ng a product fornmed by connecting a
plurality of parts to each other, conprising: arranging
the plurality of parts by a plurality of support robots
in positions where the plurality of parts are
connectable to each other in a work space; connecting
the plurality of parts arranged in the arranging to
each other; and setting information of the plurality of
parts and i nformation of the product, wherein each of
the plurality of support robots includes: a support
unit configured to support a part; and a nultiaxia

robot to which the support unit is attached, and which



changes a posture and position of the support unit, and
the arranging includes controlling the posture and
position of each support unit by the nultiaxial robot
based on the information, such that each of the
plurality of parts is placed in the position.

[ 0009] Further features of the present invention
will beconme apparent fromthe follow ng description of
exenpl ary enbodi ments (with reference to the attached

drawi ngs) .

BRI EF DESCRI PTI ON OF THE DRAW NGS
[0010] Fig. 1 is a perspective view of a part
support apparatus according to an enbodi nent of the

present invention;

[ 0011] Fig. 2 is a perspective view of a support
robot;
[ 0012] Fig. 3 is a perspective view of an

attaching portion and its vicinity;
[ 0013] Fig. 4 is a perspective view of the

attachi ng portion;

[ 0014] Fig. 5is a perspective view of a support
unit;

[ 0015] Fig. 6 is a block diagramof a contro
unit;

[ 0016] Figs. 7A to 7C are flowharts show ng

processi ng exanpl es of the part support apparatus;

[0017] Fig. 8 is a view showi ng operation exanples



of a plurality of support robots;

[0018] Fig. 9 is a view showi ng operation exanples
of the plurality of support robots; and

[ 0019] Fig. 10 is a view showi ng operation

exanpl es of the plurality of support robots.

DESCRI PTI ON OF THE EMBODI MENTS

[0020] <Qut |l i ne of Apparatus>

Fig. 1 is a perspective view of a part support
apparatus 1 according to an enbodi ment of the present
invention. The part support apparatus 1 is an
apparatus for supporting a plurality of parts formng a
product when they are connected, for exanple,
cylindrical parts formng a piping product. In Fig. 1
arrows X, Y, and Z indicate directions perpendicular to
each other. The arrow Z indicates the vertica
direction (height direction) as a first direction, the
arrow X indicates the depth direction as a second
direction, and the arrow Y indicates the w dthw se
direction as a third direction.
[ 0021] The part support apparatus 1 includes a
frame 2, a plurality of support robots 3A to 3H, an
operation board 4, and a stop button 5. The frame 2 is
formed by attaching a plurality of covering panels to a
framework including a plurality of nmetal pillars and
beans. The frane 2 includes a front wall 21, left and

right side walls 22, a back wall 23, an upper wall 24,



and a bottomwall 25, has a parall el epi ped shape as a
whole, and is integrally fornmed. The frame 2 defines a
work space S as an internal space. A beamlike upper
frame 26a extending in the Y direction is formed in the
upper portion of the work space S, and a beamli ke

| oner frane 26b extending in the Y direction is forned
in the lower portion of the work space S. In this
enbodi nrent, the positions of the upper frame 26a and

| ower frame 26b in the X direction are the sane. The
upper frane 26a and | ower frane 26b are, for exanple,
net al menbers having U shaped sections. In this

enbodi nent, the bottom surface of the upper frame 26a
and the upper surface of the |ower frame 26b are fornmed
as support portions for supporting the support robots 3.
Al so, electrical lines such as lines for supplying
power and signals to the support robots 3 are
accommodated in the internal spaces of the upper frane
26a and | ower franme 26b

[ 0022] A first opening 2la conmunicating with the
work space Sis formed in the front wall 21. Second
openi ngs 22a conmuni cating with the work space S are
formed in at | east one of the side walls 22. A product
and a plurality of parts form ng the product can be

| oaded into and unl oaded fromthe work space S (noved
bet ween the inside and outside of the work space S)

t hrough the first opening 2la and second openi ngs 22a.

It is also possible to perform for exanple,



mai nt enance of the support robots 3A to 3H through the
first opening 2la and second openi ngs 22a.

[ 0023] In this enbodi nent, the second openi ngs 22a
can be opened and closed by a pair of sw ng-open doors
22b. The pair of doors 22b are forned by col ored or

col orl ess transparent nenbers such as glass or acryl,
so the work space S can be seen through the pair of
doors 22b. The first opening 2la is always open, but
may al so have doors or shutters like the second

openi ngs 22a.

[ 0024] The plurality of support robots 3A to 3H
are robots arranged inside the frame 2 (that is, in the
wor k space S), and capable of supporting parts. From

t he viewpoint of layout, the plurality of support
robots 3A to 3H are roughly classified into the support
robots 3A to 3D and the support robots 3E to 3H The
support robots 3A to 3D are arranged in the upper
portion of the work space S, and supported by the upper
frame 26a. The support robots 3E to 3H are arranged in
the lower portion of the work space S, and supported by
the | ower frane 26a.

[ 0025] The support robots 3A to 3D are supported
by the bottom surface of the upper frame 26a, and
arrayed in arowin the Y direction. The support
robots 3E to 3H are supported by the upper surface of
the lower frame 26b, and arrayed in arowin the Y

direction. Since the plurality of support robots 3Ato



3H are arranged in rows, they are suited to supporting
parts form ng a product elongated in one direction. 1In
practical exanples (to be described later), the support
of parts when these robots are applied to a product

el ongated in one direction by connecting a plurality of
parts will be explained. Al so, since the plurality of
support robots 3A to 3H are separately arranged on the
upper and | ower sides, they are suited to supporting
parts of a product elongated in one direction and

i ncluding many parts, and supporting parts of a curved
product. Furthernore, the array direction of the
support robots 3A to 3His the wi dthw se direction of
the first opening 2la, and this facilitates |oading
parts and unl oadi ng a product through the first opening
21a.

[ 0026] Note that the relative positions of the
support robots 3A to 3D and 3E to 3H can be shifted in
at least one of the X and Y directions, and can al so be
the same in both the directions. The arrangenent
pitches of the support robots 3A to 3D are equal in
this enbodi ment, but they may al so be different. This
simlarly applies to the support robots 3E to 3H.

[0027] In this enbodi nent, four support robots are
arranged in one row, so a total of eight support robots
are installed. However, the nunber of support robots
isnot limted to this. A so, the nunmber of rows is a

total of two rows, that is, upper and | ower rows, but



it is also possible to adopt a nulti-row arrangenent

i ncludi ng, for exanple, two upper rows and two | ower
rows, that is, a total of four rows. The nunber of rows
can al so be one row as a whole. It is also possible to
array a plurality of support robots in an annul ar shape.
[ 0028] Furthernore, the support robots are divided
into the upper and lower sides in this enbodi nent.
However, the present invention is not limted to this,
and it is also possible to divide the support robots
into the left and right sides. The rows of the support
robots are also not limted to rows in the Y direction,
and can also be rows in the X direction, rows in the Z
direction, or rows in at least two of the X, Y, and Z
directions.

[ 0029] Note that in the follow ng explanation, the
plurality of support robots 3Ato 3Hw Il sinply be
referred to as the support robots 3 when it is
unnecessary to distinguish between them Likew se,
symbols Ato Hwill be omtted when it i s unnecessary
to distinguish between the constituent el enents of the
support robots 3A to 3H. On the other hand, synbols A
to Hwill be given when it is necessary to distinguish
bet ween the constituent el ements.

[ 0030] The operation board 4 includes a display
unit 41 and a plurality of operation switches 42. The
di splay unit 41 displays various kinds of infornmation.

A worker inputs various instructions to the part

- 10 -



support apparatus 1 by the operation switches 42. 1In
this enbodi ment, the display unit 41 and operation
swi tches 42 are separately arranged. However, a
di spl ay device of the display unit can be a display
device including a switching function, for exanple, a
touch panel. A portable term nal tool (a tablet or the
like) using a wireless transmtter/receiver may al so be
used as the operation board.
[ 0031] The operation board 4 is supported by the
frame 2 via an arm nenber 4a, and the arm nenber 4a is
pivotally supported by the frame 2. Al so, the
operation board 4 is rotatably connected to the arm
menber 4a. Accordingly, the operator can adjust the
operation board 4 in a posture suitable for operations
and eyesi ght.
[ 0032] The stop button 5 is fornmed on the side
wal | 22. The stop button 5 is, for exanple, a button
to be operated when the worker orders energency stop
[ 0033] <Support Robot >

The arrangenent of the support robot 3 will be
expl ained. All the support robots 3A to 3H have the
same arrangenent in this enbodi nent, but a support
robot having a different arrangenment nay al so be
included. Fig. 2 is a perspective view of the support
robot 3. The support robot 3 includes a support unit
30 and a nultiaxial robot 31. The support unit 30 is a

unit for supporting a part. In this enbodi nent, a



plurality of types of support units 30 are prepared in
accordance with the types of parts to be supported, and
sel ectively attached to the nultiaxial robot 31.

[ 0034] The nmultiaxial robot 31 is a robot for
changi ng the posture and position of the support unit
30. The multiaxial robot 31 is an articulated robot in
this enbodi ment, but may al so be an orthogonal robot.

A wel | -known mul tiaxi al robot can be adopted regardl ess
of the type of robot. This enbodi ment adopts a safety-
awar e robot (a so-called cooperating robot) which
oper at es besi de the worker and can performa
cooperative operation together with the worker

[ 0035] The multiaxial robot 31 includes a base
portion 32, armportions 33 and 34, a distal end
portion 35, and a rotary portion 36. The base portion
32 is fixed to the upper frame 26a or |ower franme 26b
via a nounting portion 32a, and the multiaxial robot 31
i s supported by the upper frane 26a or |ower frame 26b
The base portion 32 incorporates a driving mechani sm
for pivoting the base portion 32 with respect to the
nmounting portion 32a. One end of the armportion 33 is
connected to the base portion 32, and incorporates a
driving mechani smfor pivoting the armportion 33 with
respect to the base portion 32. The other end of the
armportion 33 is connected to one end of the arm
portion 34, and incorporates a driving nechanismfor

pivoting the armportion 34 with respect to the arm
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portion 33. The other end of the armportion 34 is
connected to the distal end portion 35, and

i ncorporates a driving nechanismfor pivoting the

distal end portion 35. The distal end portion 35 is
connected to the disk-like rotary portion 36, and

i ncorporates a driving nechanismfor rotating the
rotary portion 36 around its central axis. An

attaching portion 37 is fixed to the rotary portion 36,
and the support unit 30 is detachably attached to the
attaching portion 37.

[ 0036] Fig. 3 is a perspective view of the
attaching portion 37 and its vicinity. Fig. 4 is a

per spective view of the attaching portion 37 when the
support unit 30 is renoved. The attaching portion 37

i ncludes a main body 371 fixed to the rotary portion 36.
The main body 371 supports a | ock nechani sm 370. The

| ock mechani sm 370 is a nmechani smfor |ocking the
support unit 30 to the attaching portion 37. The |ock
nmechani sm 370 i ncludes a | ock | ever 372 supported by
the main body 371 so as to be pivotal in the directions
of arrows d3 and d4 in Fig. 4. The end portion of the

| ock | ever 372 has an abutting nenber 373 for cl anping,
in synchronismwth the operation of the |ock |ever 372,
a portion of the support unit 30 supported to be

pivotal in the directions of arrows dl and d2 in Fig. 4.
Figs. 3 and 4 illustrate a case in which the |ock |ever

372 is located in a |lock position, and the | ock |ever
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372 is biased to the lock position by a spring (not
shown). When repl acing the support unit 30, the | ock

| ever 372 is pivoted in the direction of the arrow 4d
in Fig. 4 fromthe |lock position. Consequently, the
abutting nenber 373 is so pivoted as to junp up in the
direction of the arrow dl, thereby unl ocking the
support unit 30 (called an unlock position).

[ 0037] The attaching portion 37 also includes a
positioning portion 374 integrally connected to the
mai n body 371. The positioning portion 374 includes a
columar portion 374a to be engaged, and a portion 374b
to be engaged for connecting the portion 374a to be
engaged and mai n body 371. The portions 374a and 374b
to be engaged engage with the support unit 30. Also,
one end portion of the portion 374a to be engaged has a
portion 374c to be regulated for regulating the support
unit 30. Furthernore, the attaching portion 37

i ncl udes gui de portions 375 and 376 and a guide roller
377 for guiding the support unit 30 to the positioning
portion 374. The guide portions 375 and 376 are

i nclined surfaces which incline toward the positioning
portion 374, and the guide roller 377 is a roller which
rolls while pushing a side surface 30f of the support
unit 30.

[ 0038] Fig. 5is a perspective view of the support
unit 30. In this enbodinent, the support unit 30 is

formed into an L-shape as a whole, and a support



portion 30a in which a part can be set is forned in one
end portion as a |longer straight portion. In this
enbodi ment, the support portion 30a is a groove having
a U-shaped section, and a part is inserted into and
supported by this groove. Engaging portions 30c and
30d are forned in the other end portion as a shorter
strai ght portion of the support unit 30. The engaging
portion 30c is a hole forned into a cylindrical shape
corresponding to the shape of the portion 374a to be
engaged. The engagi ng portion 30c incorporates a

regul ating portion 30e which abuts agai nst the portion
374c to be regulated formed on the positioning portion
374, thereby regulating the position. The engagi ng
portion 30d is a groove corresponding to the shape of
the portion 374b to be engaged.

[ 0039] When attaching the support unit 30 to the
attaching portion 37, the lock lever 372 is first held
in the unlock position (vertical position). Then, the
engagi ng portions 30c and 30d and regul ating portion
30e of the support unit 30 are fitted in the portions
374a and 374b to be engaged and the portion 374c to be
regul ated by using the guide portions 375 and 376 and
gui de roller 377. The support unit 30 is positioned
with respect to the attaching portion 37 by thus
fitting the engagi ng portions 30c and 30d and
regulating portion 30e in the portions 374a and 374b to

be engaged and the portion 374c to be regul ated. After



that, the lock lever 372 is returned to the | ock
position (horizontal position). A wall 30b of the
support unit 30 is arranged between the abutting nmenber
373 and the portion 374a to be engaged, and the
abutting nenber 373 presses the regulating portion 30e
agai nst the portion 374c to be regul ated. Consequently,
t he support unit 30 is | ocked to the attaching portion
37, and can accurately be attached to the support robot
3. Therefore, even when the support unit 30 is
replaced with the support unit 30 corresponding to a
part to be supported in accordance with a product to be
manuf act ured, the attaching position state can be
reproduced. This obviates the need to nenorize the
position of the support unit 30 in the work space S,
t hereby increasing the work efficiency.
[ 0040] <Control Unit>

The arrangenent of the control unit 6 of the part
support apparatus 1 will be explained with reference to
Fig. 6. Amainunit 6 includes a nain controller 61
and sub controllers 62A to 62H The sub controllers
62A to 62H are controllers corresponding to the support
robots 3A to 3H, and the sub controllers 62B to 62G are
not shown in Fig. 6. The sub controllers 62A to 62H
are supported by the back wall 23 of the frane 2. Fig.
1 shows the sub controllers 62A and 62E. In this
enbodi ment, the sub controllers 62A to 62H are arranged

in accordance with the arrays of the support robots 3A
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to 3H. The sub controllers 62A to 62D are arrayed in
the Y direction in the upper portion of the back wall
23, and the sub controllers 62E to 62H are arrayed in
the Y direction in the | ower portion of the back wall
23. Matching the arrangenent orders as described above
facilitates visually understandi ng the correspondence
bet ween the sub controllers 62A to 62H and t he support
robots 3Ato 3H, and inproves the workability of

mai nt enance or the I|ike.

[ 0041] The sub controllers 62A to 62H i ncl ude
electric circuits and operation prograns for
individually controlling the operations of
correspondi ng support robots 3A to 3H Based on the
sensing results of a plurality of sensors of the
correspondi ng support robot 3, each sub controller 62
drives a plurality of notors of the support robot 3,
and changes the posture and position of the support

uni t 30.

[ 0042] The main controller 61 is an electric
circuit which instructs the sub controllers 62A to 62H
to control the operations (the postures and positions
of the support units 30) of the support robots 3A to 3H
and controls the whole part support apparatus 1. Note
that the control unit 6 includes the main controller 61
and the plurality of sub controllers 62A to 62H in this
enbodi nent, but the control unit 6 nay al so be a single

controller.



[ 0043] The main controller 61 includes a
processing unit 6la such as a CPU, a storage unit 61b
such as a RAM or ROM and an interface unit 61c for
interfacing the processing unit 6la with an external
device. The interface unit 61c also includes a

comuni cation interface for comrunicating with a host
conmputer. The host conputer is, for exanple, a
computer for controlling the whol e manufacturing
facility in which the part support apparatus 1 is

i nstal |l ed.

[ 0044] The processing unit 6la executes a program
stored in the storage unit 61b, and controls the
support robots 3A to 3H via the sub controllers 62A to
62H. The storage unit 61b can store product
information. This product information is, for exanpl e,
i nformati on of formpatterns of the support units 3Ato
3H for supporting parts form ng one product.
Information |ike this can be downl oaded from t he host
conmputer, and can al so be generated by the main
controller 61 by teaching using a real product. The
product information can also contain information
indicating the rel ati onship between the type of support
unit 30 to be used in the connecting work of the
product and the multiaxial robot 31 to be attached, and
the contents (for exanpl e, adhesion, brazing, welding,
and work conditions) of the connecting work. The

product information can be stored in the storage unit
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61b for each product type, and the worker can sel ect
product information to be read out via the operation
board 4.
[ 0045] <Control Exanpl es>

Processi ng exanples to be executed by the control
unit 6 and a use exanple of the part support apparatus
1 will be explained with reference to Figs. 7A to 7C
In the foll owing explanation, a case in which the part
support apparatus 1 is used as an assi sting apparatus
for assisting the work of the worker will be
exenplified. More specifically, Figs. 7A to 7C show
processi ng exanpl es in which the respective part
support apparatuses 1 support a plurality of
unconnected parts form ng one product and assist the
connecting work of the worker, thereby nmanufacturing
one product.
[ 0046] Fig. 7A shows a processing exanpl e of
presetting to be executed by the main controller 61.
In step S1, a product information setting process is
executed. In this step, presetting of the above-
descri bed product information is perfornmed. For
exanpl e, when the main controller 61 sets the form
pattern i nformation by teaching using a real product,
the support unit 30 suitable for the real product is
attached to each nultiaxial robot 31, and the worker
manual | y changes the postures of the support robots 3A

to 3H Then, the main controller 61 causes the support
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units 30 of the plurality of support robots 3 to
actual ly support the real parts form ng one rea
product, and saves the operation anmount of each
mul ti axial robot 31 in the storage unit 61b in
association with the type of product. First, the
posture and position of the support unit 30 which
supports a reference part out of the plurality of parts
in the work space S may be first taught and set. The
reference part is defined as a part positioned in the
central portion or one end portion in the |ongitudinal
direction of the product, or a largest part. Wen the
position of the reference part is set in an optima
position in the work space S, the entire product to be
manuf actured can fall within the work spaces. Note
that if the reference part is set in an inappropriate
position of the work space S, the part supposed to be

| ocated at the end portion of the product is |ocated in
a position outside the work space S, thereby causing
the part to interfere with the frane 2. This nakes it
difficult to manufacture the product. The fornms of the
support robots 3A to 3H when supporting one product can
be a plurality of types of fornms. Wen using teaching,
t he worker can set forms which facilitate the work.

The rest of the information can al so be set by being
downl oaded from the host conputer. The saved product

i nformati on can al so be used in another part support

apparatus 1.



[ 0047] Fig. 7B shows a processi ng exanple of the
control unit 6 during the work and exanpl es of the work
steps of the worker. 1In step Sl11, the control unit 6
accepts product type selection. For exanple, this
product type sel ection can be performed by the worker
via the operation board 4. The control unit 6 reads
out information of the product of the selected type.
The worker attaches the support units 30 correspondi ng
to the product type to the multiaxial robots 31.

[ 0048] When the worker orders the start of work,
processing in step S12 is executed. The start of work
can be ordered fromthe operation board 4. In step S12,
a part arranging process is performed. In this step,
the plurality of support robots 3 arrange a plurality
of parts in positions connectable to each other in the
work space S. Fig. 7C shows an exanple of this part
arrangi ng process. |In step S21, position control of

t he support robots 3 is perforned. In this step, based
on the formpattern of the information of the product
of the selected type, the main controller 61 outputs
operation instructions to the sub controllers 62A to
62H. Based on the received operation instruction, each
of the sub controllers 62A to 62H control s the
mul ti axi al robot 31 of the correspondi ng support robot
3, thereby changing the posture and position of the
support unit 30 in accordance with the part support

position. Note that at |east one of the support robots
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3Ato 3His not used in part support depending on the
type of product.

[ 0049] In step S22, the worker sets each part on

t he correspondi ng support unit 30. The worker | oads
parts into the work space S through the opening 2la
from out side the apparatus, and nounts the parts on the
support units 30. Note that this part nounting can

al so be automated by using another robot instead of the
wor ker. The part arrangi ng process is thus conplete.
Note that the processes in steps S21 and S22 may al so
be switched. That is, the nmultiaxial robot 31 may al so
be operated to the position and posture correspondi ng
to the product of the set part after the part is set on
t he support unit 30 of each support robot 3 in the
initial position.

[ 0050] Referring to Fig. 7B again, the parts are
connected in step S13. In this step, the worker
perfornms a part connecting work. Exanples of the
connecti ng nethod are adhesi on, brazing, welding, and
bolt fastening. In step S14, the worker unl oads one
product including the connected different parts in the
wor k space S fromthe apparatus through the opening 21la.
The processes of one unit are conplete as descri bed
above. Wen continuously perform ng the nmanufacturing
work for identical products, the processes in steps S22,
S13, and S14 are repetitively executed.

[ 0051] <Oper ati on Exanpl es of Support Robots>
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Oper ati on exanpl es of the support robots 3 in the
above- descri bed processes in steps S21 and S22 and a
work exanple in step S13 will be explained with
reference to Figs. 8 to 10. States ST1 to ST3 in Fig.
8 and state ST4 in Fig. 9 show an operation exanple in
step S21.

[ 0052] States ST1 to ST4 illustrate an exanple in
whi ch the support robots 3A to 3H are sequentially
controlled to forns for supporting parts, but these
control operations nay also be perforned at the sane
time. Note that the formfor supporting a part neans
that the position and posture of each support unit 30
are changed so as to support the part in a specific
position and by a specific posture in the work space S.
[ 0053] When sequentially controlling the support
robots 3Ato 3Hto the forns for supporting parts, it
is also possible to initially control the posture and
position of the support unit 3 for supporting a
reference part of a plurality of parts. The reference
part is, for exanple, a part positioned in the mddle
of the product in the longitudinal direction, or a part
having the | argest size. The product to be
manuf act ured can be accommobdated in the work space S by
placing this reference part in an optinmm position in
the work space S. Note that if the reference part is

pl aced in an inadequate position in the work space S, a

part to be placed in the end portion of the product is
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positioned outside the work space S and interferes with
the franme 2, so the product becones difficult to

manuf acture. Al so, when the posture and position of

t he support robot 3 for supporting the reference part
are initially controlled, the support robots 3A to 3H
are snoothly operated wi thout any interference.

[ 0054] In state ST1, the support robot 3E of the
support robots 3Ato 3Hin the initial positions is
controlled to the part supporting form |In state ST2,

t he support robots 3A, 3B, and 3F are also controlled
to the part supporting forns. 1In step ST3, the support
robots 3C, 3G and 3H are also controlled to the part
supporting forms. The operation control of the support
robots 3Ato 3His thus conplete. In this exanple, the
support robot 3D is not used in part support. State
ST4 is the sane state as state ST3, but shows the
support units 30A to 30C and 30E to 30H and their
vicinities in an enlarged scal e.

[ 0055] In states ST5 and ST6 of Fig. 9 and states
ST7 and ST8 of Fig. 10 illustrate an exanple of the
part setting by the worker in step S22. In this
exanpl e, parts are cylindrical parts form ng a piping
product. 1In step ST5, a part Pl is set in the support
unit 30E. In step ST6, a part P2 is set in the support
units 30A and 30B. The parts P1 and P2 are arranged to
be connectable to each other. Al so, the part Pl is

first placed as a reference part (in this enbodi nent,
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the reference part | ocated at one end portion), and the
part P2 is then |located with reference to the part P1
so that a product to be manufactured in the work space
S is acconmpdated in the work space S. |In state ST7, a
part P3 is set in the support units 30G and 30H In
addition, a part P4 is going to be set in the support
unit 30C. Although the part P4 is floating in the air
in Fig. 10, but the part P4 is actually held by the
worker. In state ST8, the part P4 is set in the
support unit 30C. The parts P2 and P4 are arranged to
be connectable to each other. Al so, the parts P4 and
P3 are arranged to be connectable to each other. Thus,
the parts P1 to P4 form ng the product are supported by
a predeterm ned connection order (for exanple, Pl-P2-
P4-P3), and by a | ayout nmatching the three-di nensional
shape of the product.

[ 0056] State ST9 in Fig. 10 shows an exanpl e of
the work in above-described step S13. State ST9
schematically shows an exanple in which the worker is
perform ng a connecting work by using a fixing unit 7
for fixing the parts. 1In this exanple, the fixing unit
7 is a welding unit, and connects the parts P2 and P4
by wel ding. The product is conplete when the worker

wel ds all the parts by using the fixing unit 7. The
connecting work is not limted to a manual work by the
wor ker, and may al so automatically be perforned by

anot her robot, for exanple, another wel ding robot
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arranged ot her than the support robots 3Ato 3H In
this case, the other robot may be installed in the work
space S, and nmay also be installed outside the franme 2
such that the robot can enter the work space S through
the first opening 2la.

[ 0057] In this enbodi nent as descri bed above, the
plurality of support robots 3A to 3H can support a
plurality of parts formng a product. Even when
products have different types or sizes, it is possible
to reliably support and position parts form ng these
products by changing the formpatterns of the plurality
of support robots 3A to 3H Furthernore, the support
unit 30 attached to each support robot 3 can be
replaced with other support units 30 having different
types or sizes. This makes it possible to support

parts corresponding to products of a | arger nunber of
types, so a single apparatus can support parts of

vari ous products and manufacture the products. Note
that in this enbodinent, the internal space S formed by
the frame 2 is set as the work space S. However, it is
al so possible to manufacture products by arrangi ng the
support robots 3 without formng the frame 2, and
setting the work space within the operation range of

t he support robots 3.

[ 0058] Wil e the present invention has been
described with reference to exenplary enbodi nents, it

is to be understood that the invention is not limted



to the disclosed exenplary enbodi nents. The scope of
the following clains is to be accorded the broadest
interpretation so as to enconpass all such

nodi fications and equi val ent structures and functions.



WHAT IS CLAIMED | S:

1. A part support apparatus for supporting a
plurality of parts which forma product by being
connected to each other, conprising:

a plurality of support robots arranged in a work
space and configured to support the plurality of parts;

a control unit configured to control the
plurality of support robots; and

a storage unit configured to store a form pattern
of each support robot corresponding to a type of a
product,

wherein each of the plurality of support robots
i ncl udes:

a support unit configured to support a part; and

a multiaxial robot to which the support unit is
attached, and which changes a posture and position of
t he support unit, and

the control unit controls the posture and
position of each support unit by the nultiaxial robot
based on the formpattern, such that the plurality of
parts are arranged to be connectable to each other in
t he work space.
2. The apparatus according to claim1l, wherein the
plurality of support robots include:

first support robots arrayed on one side of the
wor k space; and

second support robots arrayed on the other side
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of the work space.
3. The apparatus according to claim1, further
conprising a fixing unit configured to fix the
plurality of parts arranged in the work space to each
ot her.
4. The apparatus according to claim3, wherein the
fixing unit is a welding unit configured to weld the
parts to each ot her
5. The apparatus according to claim1, further
conprising a frame configured to define the work space,

wherein the frame defines an openi ng through
which the plurality of parts or the product can nove
bet ween an inside and outside of the work space.
6. The apparatus according to claimb5, wherein the
frame includes a support portion configured to array
all or sone of the plurality of support robots in a
predet erm ned direction.
7. The apparatus according to claim2, further
conmprising a frame configured to define the work space,

wherein the one side is an upper portion of the
wor k space,

the other side is a |lower portion of the work
space, and

the frame includes:

an upper frame configured to support the first
support robots; and

a lower franme configured to support the second
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support robots.
8. The apparatus according to claim1l, wherein the
support unit includes a support portion in which a part
can be set,

each nul tiaxial robot includes an attaching
portion to which the support unit is detachably
attached, and

the attaching portion includes:

a positioning portion configured to position the
support unit; and

a | ock nechani smconfigured to | ock the
positioned support unit to the nultiaxial robot.
9. A part support apparatus for supporting a
plurality of parts which forma product by being
connected to each other, conprising:

a franme configured to define a work space in
which the plurality of parts are arranged; and

a plurality of support robots arranged in the
wor k space and configured to support the plurality of
parts,

wherein each of the plurality of support robots
i ncl udes:

a support unit configured to support a part; and

a multiaxial robot to which the support unit is
attached, and which changes a posture and position of
t he support unit, and

the franme defines an opening through which the
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plurality of parts or the product can nove between an
i nside and outside of the work space, and includes a
support portion configured to support the plurality of
support robots such that the plurality of support
robots are arrayed in a w dthw se direction of the
openi ng.
10. A nethod of controlling a part support apparatus
for supporting a plurality of parts which forma
product by being connected to each ot her,

wherein the part support apparatus includes a
plurality of support robots arranged in a work space
and configured to support the plurality of parts,

each of the plurality of support robots includes:

a support unit configured to support a part; and

a multiaxial robot to which the support unit is
attached, and which changes a posture and position of
t he support unit, and

t he nmet hod conpri ses:

setting information of the plurality of parts and
i nformati on of the product; and

controlling the posture and position of each
mul ti axi al robot based on the information, such that
the plurality of parts are arranged to be connectable
to each other in the work space.
11. A net hod of manufacturing a product forned by
connecting a plurality of parts to each other,

conpri si ng:



arranging the plurality of parts by a plurality
of support robots in positions where the plurality of
parts are connectable to each other in a work space;

connecting the plurality of parts arranged in the
arranging to each other; and

setting information of the plurality of parts and
i nformati on of the product,

wherein each of the plurality of support robots
i ncl udes:

a support unit configured to support a part; and

a multiaxial robot to which the support unit is
attached, and which changes a posture and position of
t he support unit, and

the arranging includes controlling the posture
and position of each support unit by the multiaxia
robot based on the information, such that each of the
plurality of parts is placed in the position.
12. The nmet hod according to claim1l1l, wherein

the work space is defined by a frane, and

the nmethod further conprises:

setting each of the plurality of parts in the
support unit before or after the controlling;

| oading the plurality of parts from outside the
wor k space to inside the work space through an opening
defined by the franme; and

unl oadi ng the product frominside the work space

to outside the work space through the opening.
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13. The nmethod according to claim1l1l, wherein the
arranging includes initially controlling the posture
and position of the support unit for supporting a
reference part of the plurality of parts.
14. The nmet hod according to claim 11, further
conpri sing replacing the support unit based on the
i nf ormati on.
15. The nmet hod according to claim1l1l, wherein

the product is a piping product, and

each of the plurality of parts is a cylindrica

part formng a portion of the piping product.



