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DESCRIPTION

Device and Method for Conveylng and Holdlng Plate- llke

. Member

Technical Field

The present invention relates to an apparatus and
method for conveying and holding a plate-like member,
wherein a carried-in plate-like member can be held and,
after prescribed operations such as printing, processing,
component mounting, and so forth, the held plate-like

member can be carried out. In particular, the present

invention relates to a work apparatus such as a component .

mounting apparatus or the like equlpped with a plate like
member conveying/holding device favorable as a board
conveying/holding device for holding a board when the board
onto which components are mounted is used as an example of

a plate-like member and components are mounted on the board.

Background Art

| In recent-years, while electronic circuit bbards
vary in sizes widely from a small size type including a
portable telephone to a large size board such as a server
computer or the like, it 1is being required to produce them
most efficiently in a minimum process time. As a form of a

mounting apparatus, a robot-type mounting apparatus, in
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which a working head for sucking electronic components is

moved by using an XY robot to mount the electronic
éémponents;.is-beCOming-a main stream.

Hereafter, an example of a conventional
electronic component mounting apparatus is explained with
reference to Fig. 35.

In the figure, reference numerals 120i, 1202 and
1203 denote component feed units for taping components.
Reference numeral 204 denotes a component feed unit for
components housed on a tray. Reference numerals 1205 and

1206 denote recognition cameras for picking up an image of

‘a suction attitude of an electronic component in a working

head before mounted. Referencé numeral 1207- denotes a |
nozzle station for housing a plurality of kinds of nozzles
suitable for a plurality of kinds of electronic components.
Reference numeral 1208 denotes a loader for carrying an
electronic circuit board 1211 into a component mounting
work area. Reference numeral 1209 denotes a board
conveying/holding device composed of support rails 1209a,
1209b'for supporting an electronic circuit board 1212. The
board conveying/holding device 1203 is constituted such
that one support rail 1209 can be moved as far as a
position 1210 according to the maximum size of the
electronic circuit board to be applied. Reference numeral

1213 denotes an unloader for carrying the electronic
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circuit board 1211 out of the component mounting work area.

Operations in the conventional electronic

. comporient mounting apparatus are explained with reference

to Fig. 35. An electronic circuit board 1211 is supported
by support rails 120%a, 1209b via a loader 1208. A working
head {not shown) is moved by an XY robot along a path shown
with A in Fig. 35. An electronic component is sucked by a
component suction nozzle attached to the working head from
a taping component feed unit 1201. The working head is
moved and a suction attitude of the sucked component is
measured by a recognition camera 1205. After the
calculation for a position correction, the sucked and _
reéogﬁized componént is ﬁounted 6nto the eledtronic ciréuit.
board 1212 by movement of the working head while its
position is corrected. Meanwhile, a component feed unit
for feeding electronic components is also disposed in the

rear of the component mounting work area of the mounting

‘apparatus as shown with reference numerals 1203 and 1204.

An image of an electronic component sucked from the taping
component feed unit 1203 oi the components houséd on a tréy
1204 is also picked up by a recognition camera 1206 so that
its attitude at a suction position is recognized. After
the calculation for a position correction, the sucked and
recognized component is mounted onto the electronic circuit

board 1212 by a nozzle. This path is shown with B.
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In recent years, electronic circuit boards wvary

from of a small size type to of a large size type. In an
elgdtionic componenfl'mounting apparatus, support rails
1209%a, 1209b are designed in a size in which a board of up
to the maximum size can be supported. Therefore, the
support rails 1209%a, 1209b are constituted such that the
support rail 1209a on the front side of the mounting
apparatus is fixed while the support rail 1209b in the rear
can be moved depending on the board size. Consequently,
the component feed units 1206, 1204 in the rear are
disposed further behind the furthest rear position 1210 of
the suppbrt. rail 1209%9b. In a small size board, this
sériéusly hinders reduction of.a mounting time since the
moving distance of the working head from suction of the
electronic component to mounting through recognition is
increased, resulting in the longer moving time as shown
with path B. While the mounting time needs to be reduced
to reduce costs of mounting electronic components, the
distances between three processes, that is, a suction
process, recognition .procesé, and..moﬁnting. érocess of
electronic components needs to be minimized to reduce this
mounting time. To minimize the distances between the three
processes, there is a method of integrally moving support
ralls 1209a, 1209b, support pins which are disposed below

the support rails 1209a, 1209 and support the electronic
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the support pins are disposed, depending on the electronic

‘component to bé fed. However, a mechanism for moving the
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support pins and the support plate is required and the
movement amount of these members itself is little. Thus,
this method is not very effective. In view of the mounting
quality, moving the electronic c¢ircuit board more than
necessary during component mounting is not a good method.
Accordingly, the object of the present invention
is to provide an apparatus and method for conveying and
holding a plate-like member, wherein the plate-like member
can be carried in to a conveying position and then moved to
a 'désiréd work position to pefform"é desired 'wofk
efficiently while been held irrespective of the size of the
plate-like member and, after the desired work, can be moved
to a conveying position and carried out so that the plate-
like member is carried in, held, and carried out
efficiently and rapidly, and thus the above issue is solved.
Furthermore, the present invention provides a
componént ﬁounting appafafus equipped with the plaﬁe—like
member conveying/holding device as a board
conveying/holding device, wherein the moving distances of a
component holding member between component holding,
component recognition, and component mounting can be

reduced irrespective of the size of the board to shorten
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the mounting time and thereby improve mounting efficiency.

_Disdlosure Of Invention

In order to achieve the above object, the present
invention has the following constitutions.

According to a first aspect of the present
invention, there is provided a device for conveying and
holding a plate-like member, comprising:

a first rail-like holding member and a second
rail-like holding member, each including a conveying member
for conveying the plate-like member so that the plate-like
member can be carried in and out and held;

| a ball screw shaft which is disposed to extend in
a direction perpendicular to a longitudinal direction of
the first rail-like holding member and the second rail-like
holding member and moves the second rail-like holding
member or moves the first rail-like holding member and
second rail-like holding member in parallel;

a rotation drive unit which drives rotation of

| the ball screw shaft;

a first nut which is attached rotatably relative
to the first rail-like holding member and screw-threaded
with the screw shaft;

a second nut which is fixedly attached to the

second rail-like holding member and screw-threaded with the
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screw shaft; and

a selective lock mechanism which can
alternétively séleét an opération' of engéging"with the
first nﬁt of the first rail-like holding member to stop
rotation of the first nut and an operation of releasing the
engagement with the first nut of the first rail-like
holding member to allow the first nut to rotate relatively
to the first rail-like holding member,

wherein after the selective lock mechanism
releases the engagement with the first nut of the first
rail-like holding member to allow the first nut to rotate
relatively to the first rail-like holding member, only the
second rail-like lholding member is moved by rotating the
screw shaft, and a position of the second rail-like holding
member relative to the first rail-like holding member 1is
changed, while, after the selective lock mechanism 1is
engaged with the first nut of the first rail-like holding
member, the first rail-like holding member and the second
rail-like holding member are integrally moved in pa:allel
by rétating fhe screw shaft. .

According to a second aspect of the present
invention, there is provided a device for conveying and
holding a plate-like member according to the first aspect,
wherein the rotation drive unit is one motor for driving

forward and reverse rotation of the screw shaft.
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According to a third aspect of the present
invention, there is provided a device for conveying and
hdiding a'plate—like_mémber aé¢ording to the first aspect,
wherein the second nut screw-threaded with the screw shaft
is not attached fixedly to the second rail-like holding
member, but attached rotatably relative to the second rail-
like holding member, while the selective lock mechanism can
select alternatively an operation of engaging with the
second nut of the second rail-like holding member to stop
rotation of the second nut or an operation of releasing
engagement with the second nut of the second rail-like
holding member to allow the second nut to rotate; and

| ' the selectivé | lock mééhahism. releases the
engagement with the first nut of the first rail-like
holding member to allow the first nut to rotate relatively
to the first rail-like holding member and then rotates the
screw shaft to move only the second rail-like holding
member relatively to the first rail-like holding member, or
the selective lock mechanism releases the engagement with
the second nﬁt of the second rail-like holding membér to
allow the second nut to rotate relatively to the second
rail-like holding member and then rotates the screw shaft
to move only the first rail-like holding member relatively
to the second rail-like holding member so that a gap

distance between the first rail-like holding member and the
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second raill-like holding member is changed, while the
selective lock mechanism engages with the first nut of the
first rail;like holding ﬁeﬁber and the seCond nut of the
second rail-like holding member and then rotates the screw
shaft so that the first rail-like holding member and the
second rail-like holding member are integrally moved in
parallel.

| According to a fourth aspect of the present
invention, there is provided a device for conveying and
holding a plate-like member according to any one of the
first to third aspects, further comprising a linear guide
mechanism, which is disposed to extend in parallel to the
screw .shaft in a direction 'pérpendicular to an axial
direction of each of the rail-like holding members and
guides parallel movement of the two rail-like holding
menbers.

Bcecording to a fifth aspect of the present
invention, there 1is provided a device for conveying and
holding a plate-like member according to any one of the
first to fourth aspecfs,. wherein fhe: selectivé 2lock
mechanism engages with the first nut of the first rail-like
holding member to rotate the screw shaft and then the first
rail-like holding member and the second rail-like holding
member are integrally moved in parallel so that, first, the

first rail-like holding member is positioned at a reference
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position and then the selective lock mechanism releases the
engagement with the first nut of the first rail-like
holaing member to allow:the first'nuf to rotéte relativély
to the first rail-like holding member and then rotates the
screw shaft so that only the second rail-like holding
member is moved and a position of the second rail-like
holding member relative to the first rail-like holding
member at the reference position is changed to adjust the
gap between the first rail-like holding member and the
second rail-like holding member, and

then, the selective lock mechanism engages with
the. fi;st nut of the first rail-like holding member and
then rotates the screﬁ shaft so that'the first rail—iike
holding member and the second rail-like holding member are
integrally moved in parallel while the adjusted gap is
maintained.

According to a sixth aspect of the present
invention, there is provided a device for conveying and
holding a plate-like member according to any one of -the.
firsf to fifth éspecté,lfurther comprising-a stopber which
is brought into contact with the plate-like member to
position and hold the plate-like member at the prescribed
position when the plate-like member is conveyed between the
first rail-like holding member and the second rail-like

holding member by the conveying member.
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According to a seventh aspect of the present
invention, there is provided a component mounting apparatus
eqﬁipped wifh-a device.for conveying and hoiding a pléte—
like member, wherein the plate-like member is a board onto
which components are to be mounted, two of the devices for
conveying and holding a plate-like member according to any
one of the first to sixth aspects are used as board
conveying/holding devices for conveying and holding the
board in the component mounting apparatus for mounting the
components onto the board, a component mounting work area
in the component mounting apparatus, in which the
components are mounted, is divided into a first_mounting
area and a second mounting-érea aiong thé board conveying
direction, one of the devices for conveying and holding a
plate-like member is used as a first board
conveying/holding device in the first mounting area and the
other device for conveying/holding a plate-like menmber is
used as a second board conveying and holding device in the
second mounting area, and each board -conveying/hoiding
device is independently driven in each méunting area.

According to an eighth aspect of the present
invention, there is provided a component mounting apparatus
equipped with a device for conveying and holding a plate-
like member according to the seventh aspect, wherein a

first component mounting position of the £first board
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conveying/holding device in the first mounting area and a
second component mounting position of the _second board
cOnveyiné/holdingldé&ice_in”the second mounting area are
disposed in zigzag so as to be diagonally opposed to each
other. |

According to a ninth aspect of the present
invention, there is provided a component mounting apparatus
equipped with a device for conveying and holding a plate-
like member according to the seventh or eighth aspect,
wherein a first component feed unit for feeding the
components to be mounted onto the board at an end edge
portion in the first moqnting area on an opposite side of
thé.second mounting area, and a firstﬁcomponent recoénition
unit is disposed in the vicinity of the first component
feed unit, and

a second component feed unit for feeding the
components to be ﬁbunted onto the board at an end edge
portion in the second mounting area on an opposite side of
the first mounting area, and a second component recognition
unit is dispoged in the vicinity of thé second component
feed unit.

According to a tenth aspect of the present
invention, there is provided a component mounting apparatus
equipped with a device for conveying and holding a plate-

like member according to the ninth aspect, wherein the



e s s N

10

15

20

25

13

first component feed unit, the first component recognition
unit, the .second component feed unit, and the second
COﬁponent' recognition unit }are disposed substantially
point-symmetrically with resﬁect to a center of the whole
component mounting work area combining the first mounting
area and the second mounting area.

According to an 11th aspect of the present
invention, there is provided a component mounting apparatus
equipped with a device for conveying and holding a plate-
like member according to the ninth or tenth aspect, wherein
the first component mounting position of the first board
conveying/holding device in the first mcunting area 1is
determined in consideration to.a diétaﬁce between the first
component feed unit and the first component recognition
unit, while the second component mounting position of the
second board conveying/holding device in the second
mounting area is determined in consideration to a distance
between the second component feed unit and the second
component recognition unit.

According to a 12th aspect of the préseht
invention, there is provided a component mounting apparatus
equipped with a device for conveying and holding a plate-
like member according to any one of the ninth to 1lth
aspects, wherein the first component £feed unit and the

second component feed unit are component feed units for
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housing taping components to be mounted onto the board,

which aré the components housed and held in a tape.

'_Ahcording- to a 13th aspect of the present
invention, there 1is provided a component mounting device
equipped with a device for conveying and holding a plate-
like member according to any one of the seventh to 12th
aspects, wherein the first component mounting position of
the first board conveying/holding device in the first
mounting area and the second component mounting position of
the second board conveying/holding device in the second
mounting area are disposed in zigzag so as to be diagonally

opposed to each other, a tray-type component feed unit in

"which the components tb be moﬁnfed 6nto the board are

housed on a tray, is disposed at a position other than the
first component mounting position in the first mounting
area, and another tray-type component feed unit in which
the components to be mounted onto the board are housed on a

tray, is disposed at the second component mounting position

in the second mounting area.

According to a 14th aépect- of the preéént
invention, there is provided a component mounting apparatus
equipped with a device for conveying and holding a plate-
like member according to any one of the seventh to 13th
aspects, wherein, when the board is conveyed between the

first rail-like holding member and the second rail-like
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holding member by the conveying member, each board
conveying/holding device further comprises a stopper which
is brougﬁt'into760ntact_with the_boafd ard poSitioﬁS and
holds the board in a vicinity of a center of the whole
component mounting work area combining the first mounting
area and the second mounting area.

According to a 15th aspect of the present
invention, there is provided a component mounting apparatus
equipped with a device for conveying/holding a plate-like
member according to any one of the seventh to 14th aspects,
wherein, when the first board conveying/holding device and
the second board copveying/holding device are positione@
adjacént to éaéh ofher in one 1line, the béard 'dan be
conveyed from the first board conveying/holding device
towards the second board conveying/holding device.

According to a 16th aspect of the present
invention, there is provided a component mounting apparatus
equipped with a device for conveying and holding a plate-
like member according to any one of the seventh to 14th
aspects, fufther cbmprising a.loader for carrying the board
into each board conveying/holding device and an unloader
for carrying the board ocut from each board
conveying/holding device, wherein the first board
conveying/holding device and the second board

conveying/holding device can independently perform
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carrying-in of the board from the loader and carrying-out
the board to the unloader, respectively.

_Acéording to -é 17th aspect of the preéent
invention, there is provided a method for conveying and
holding a plate-like member, wherein, when a ball screw
shaft disposed to extend in a direction perpendicular to a
longitudinal direction of a first rail-like holding member
and a second rail-like holding member rotates in a plate-
like member conveying/holding device equipped with fhe
first rail-like holding member and the second rail-like
holding member, which can carry in and out and hold a
plate-like member, rotation of__ a nut which is screw-
threaded t§ the ball screw shaft énd attached to each of
the first rail-like holding member and the second rail-like
holding member is regulated so that the first rail-like
holding member and the second rail-like holding member are
integrally moved in parallel to convey the plate~like
member, and

regulation of rotation of the nut of either one
rail-like holding member of the first rail-like holding
member and the second rail-like holding member is released
so that the nut is rotated together with the ball screw
shaft upon rotation of the ball screw shaft, movement of
the one rail-like holding member is regqulated and the other

rail-like holding member of the first rail-like holding
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member and the second rail-like holding member, of which
rotation of the nut is regulated, is moved during rotation
of the-ball:screw shaft-so.that-only the dther_rail;like
holding member is moved in parallel with respect to the one
rail-like holding member to adjust a gap between the first
rail-like holding meﬁber and the second rail-like holding
member.

According to an 18th aspect of the present
invention, there is provided a method for mounting
components, comprising:

carrying in a board from a loader to a first
conveying/holding device;

ﬁoving the first'board'conveyiné/holding device
holding the carried-in board to a side of one éomponent
feed unit;

mounting components in the one component feed
unit onto the board held Dby the first board
conveying/holding device;

carrying out the board from the first board
conﬁeylng/holdlng device;

carrying the board carried-out from the first
board conveying/holding device into a second board
conveying/holding device;

moving the second board conveying/holding device

holding the <carried-in board to a side of the other
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component feed unit;

mounting components in the other component feed
uﬁit ;lontQ .the'  board "held by the second board
conveying/holding device;

carrying out the board from the second board
conveying/holding device; and

carrying the board carried-out from the second
board conveying/holding device into an unloader.

According to a 1%th aspect of the present
invention, there 1is provided a method for mounting
components according to the 18th aspect, wherein the

component mounting in the first board conveying/hplding

‘device and the component mountiﬁg in the second board

conveying/holding device are simultaneously performed.

According to a 20th aspect of the present
invention, there 1is ©provided a method for mounting
components according to the 18th aspect, wherein, while the
one component feed unit and the other component feed unit
are opposed to each other, the components are mounted on a
half area of the board on a side of the one component feed
unit in the first board conveying/holding device and the
components are mounted on a half area of the board on a
side of the othér component feed unit in the second board
conveying/holding device.

According to a 2lst aspect of the present
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invention, there 1is provided a method for mounting

components according to the 18th aspect, wherein the board

.conveyance from the = loader to the _flrst. board-

conveying/holding device, the board conveyance from the
first board conveying/holding device to the second board
conveying/holding device, and the board conveyance from the
second board conveying/holding device to the unloader are
simultaneously performed.

According to a 22nd aspect of the present
invention, there is provided a work device for a plate-like
member, comprising:

- a first -plate-like member cdnveying/holding
device which.can carry in and out a'plefe—iike hember at a
plate-like member conveying position and hold the carried-
in plate-like member;

a second plate-like member conveying/holding
device which can be adjacent to the first plate-like member
conveying/holding device at the plate-like member conveying

position, carry in the plate-like member via the first

plate-like member conveying/holding device, hold the

carried-in plate-like member, and carry out the held plate-
like member at the plate-like member conveying position;

a first moving device for moving the first plate-
like member conveying/holding device in a direction

crossing the plate-like member conveying direction between

—_—

aced
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the plate-like member conveying position and a first work

position at which a prescribed work is performed for the
blate—;iké :mEmber 'held' by thé. first plate-like member
conveying/holding device; and

a second mwmoving device for moving the second
plate-like member conveying/holding device in a direction
crossing the plate-like member conveying direction between
the plate-like member conveying position and a second work
position at which a prescribed work is performed for the
plate-like member held by the second plate-like member
conveying/holding device.

According to a 23rd aspect of the present
inventioﬁ, there is provided a work device for a plate-like
member according to the 22nd aspect, wherein a work area of
the work device is divided into two, a first work area and
a second work area, assuming the plate-like member
conveying direction at the plate-like member conveying
position as a border, and

during a work for the plate-like member, -the -
first moving device méveé the -first lblafe—like -member
conveying/holding device to the first work position in the
first work area in which the prescribed work is performed
for the plate-like member held by the first plate-like
nember conveying/holding device, while the second moving

device moves the second plate-like member conveying/holding
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device to the second work position in the second work area
in which the prescribed work is performed for the plate-
Liké ,n@hﬁér héld by ‘the second_ plafe—likel-member
conveying/holding device.

According to a 24th aspect of the present
invention, there is provided a work device for a plate-like
member according to the 22nd or 23rd aspect, wherein the
plate-like member is a board onto which components are to
be mounted, the work device for performing the work for the
plate-like member is a component mounting apparatus for

mounting the components onto the board and the first and

. second plate-like member conveying/holding devices are

first and second board conveying/holding device; and

a component mounting work area in the component
mounting apparatus, in which the components are mounted, is
divided into a first mounting area and a second mounting
area along a board conveying direction, the first board
conveying/holding device can be moved to a first component
mounting position as the first work position in the first
mounting.aréa by fhe firét mbving deéice, while the secénd
board conveying/holding device can be moved to a second
component mounting position as the second work position in
the second mounting area by the second moving device, and
the components are independently mounted onto a board held

by each board conveying/holding device in each mounting
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According to a 25th aspect of the present

area.

inveﬁtién, there 1is prévided a work device for a blate—like'
member according to the 24th aspect, wherein a first
component feed unit for feeding the components to be
mounted onto the board is disposed at an end edge portion
in the first mounting area on an opposite side of the
second mounting area, a first component recognition unit is
disposed in a vicinity of the first component feed unit,
and
the work device further comprises:

a worklng head which can move in the first
mounting area, holds .the' components from the first
component feed unit, and mounts the components onto the
board held by the first board conveying/holding device
positioned at the first component mounting position after
the components are recognized by the first component
recognition unit, and

a second component feed unit for feeding the
compénénts to be mounted énto thé board is'disposed at an
end edge portion in the second mounting area on an opposite
side of the first mounting area, a second component:
recognition unit is disposed in a vicinity of the second
component feed unit, and the work device further comprises

a working head which can move in the second mounting area,
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holds the components from the second component feed unit,

and mounts the components onto the board held by the second

‘board conveying/holding device positioned at the second

component mounting position after the components are
recognized by the second component recognition unit.

According to a 26th aspect of the present
invention, there is provided a work method for a plate-like
member, comprising:

while a first plate-like member conveying/holding
device which can carry in and out and hold a plate-like
member, and a second plate-like member conveying/holding
devicg which can carry in:and-out and hold a plate-like
member, are poéitionéd.édjacéht to-each other at a plate—
like member conveying position, carrying the plate-like
menmber into the first plate-like member conveying/holding
device, carrying in the carried-in plate-like member and
holding the carried-in plate-like member by the second

plate-like member conveying/holding device via the first

- plate-like member conveying/holding device, and carrying in

a subsequent plate-like member and holding the subsequent
plate-like member by the first ©plate-like member
conveyiﬁg/holding device;

moving the first plate-like member
conveying/holding device from the plate-like member

conveying position to a first work position in a direction
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crossing a plate-like member conveying direction, and

moving the second plate-like member conveying/holding

_device'fiam the plate-like member conveying position to a

second work position in a direction crossing the plate-like
member conveying direction;

performing a prescribed work for the plate-like
member held by the first plate-like menber
conveying/holding device at the first work position, and
performing a prescribed work for the plate-like member held
by the second plate-like member conveying/holding device at
the second work position;

moving . the first plate—like member
conveying/hoiding dévice from the first work position to
the plate-like member conveying position in a direction
crossing to the plate-like mnember conveying direction,
while moving the second plate-like member conveying/holding
device from the second work position to the plate-like
member conveying position in a direction crossing to the
plate-like member conveying direction; and |

while the | first plate-like nember
conveying/holding device and the second plate-like member
conveying/holding device are positioned adjacent to each
other at the plate-like member conveying position, carrying
out the plate-like member held by the second plate-like

member conveying/holding device from the second plate-like
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member conveying/holding device, and carrying out the

plate-like member held Dby the first plate-like member

.cOnvéying/hoiding device from the first piateflike member

conveying/holding device to the second plate-like member
conveying/holding device.

BAccording to a 27th aspect of the present
invention, there is provided a work method for a plate-like
member according to the 26th aspect, wherein, when a work
area of the work device is divided into two, a first work
area and a second work area assuming the plate-like member
conveying direction at the plate-like member conveying
pbsition_ as a border and the. _plate—like ‘member
éonveying/holding devices are moved fo the work.positions;

the first plate-like member conveying/holding
device is moved to the first work position in the first
work area, in which the prescribed work is performed for
the plate-like member held by the first plate-like member
conveying/holding device, while the second plate-like
nember conveYing/holding device is moved to the second work
position in the second work area, in which the prescribed
work is performed for the plate-like member held by the
second plate-like member conveying/holding device.

According to a 28th aspect of the present
invention, there is provided a work method for a plate-like

member according to the 26th or 27th aspect, wherein, when
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the plate-like member ie a board onto which components are
to be mounted, the work device for performing the work for
the plate- like member is a component mountlng apparatus for
mounting the components onto the board, the first and
second plate-like member conveying/holding devices are
first and second board conveying/holding devices, and a
component mounting work area in the component mounting
apparatus, in which components are mounted is divided into
a first mounting area and a second mounting area along a
board conveying direction;

the first board conveying/holding device can be
moved to a first component mounting positioh as the first
work posifion in the firet.mountinglaree, while the.second
board conveying/holding device can be moved to a second
component mounting position as the second work position in
the second mounting area by the second moving device, and
components are independently mounted onto a board held by
each board conveying/holding device in each mounting area.

According to a 29th aspect of the present
invention, there is provided a work method for a plate—iike
member according to the 28th aspect, wherein, in the first
mounting area, the components are held by a working_head
from a first component feed unit installed at an end edge
portion on an opposite side of the second mounting area in

the first mounting area during the prescribed work, and,
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after the components held by the working head are

recognized by a first component recognition unit disposed

- in ‘a . vicinity. of -the first component feed unit, the

components held by the working head are mounted onto the
first board conveying/holding device positioned at the
first component mounting position,

while independently from. the above component
holding, component recognition, and component mounting, in
the second mounting area, the components are held by a
working head from a second component feed unit installed at

an end edge portion on an opposite side of the second

- mounting area in the second mounting area, and, after the

'components held by the' working head- are recognized by

second component recognition unit disposed in a vicinity of
the second component feed unit, the components held by the
working head are mounted onto the second board
conveying/holding device positioned at the second component

mounting position.

Brief Description Of Drawinés |

These and other aspects and features of the
present invention will become. clear from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying

drawings, in which:
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Fig. 1 is a general schematic perspective view

showing a component mounting apparatus having a board

. conveying/h61ding device according to an embodiment of.the

present invention;

Fig. 2 is.a general schematic layout plan of the
component mounting apparatus of Fig. 1;

Fig. 3 is a general detail plan view showing the
component mounting apparatus of Fig. 1;

Fig. 4 is a detail plan view showing the board
conveying/holding device of Fig. 1;

Fig. 5 is a detail right side view showing the

board conveying/holding device of Fig. 1;

Fig; 6 is alﬁerspéctive view sh&wing the béard'
conveying/holding device of Fig. 1;

Fig. 7 is a detail enlarged right side view
showing a selective lock mechanism of the board
conveying/holding device of Fig. 1;

Fig. 8 is a detail front view showing the board
conveying/holding device of Fig. 1;

Fig. 9 .is aﬁ explanatéry vieQ showing an
operation of conveying a board by two board
conveying/holding devices in the component mounting
apparatus of Fig. 1;

Fig. 10 is an explanatory view showing operations

of returning to the origin and mounting of support rail
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units in the board con&eying/holding devices 1in the
component mounting apparatus of Fig. 1;

Fig. 11 is an explanatory vieQ showing.an'inixial'
state of the support rail units of the Dboard
conveying/holding devices in the component mounting
apparatus of Fig. 1;

Fig. 12 is an explanatory view showing an
operation of returning to the origins of support rail units
on the locked sides of the board conveying/holding devices
in the component mounting apparatus of Fig. 1;

Fig. 13 1is an explanatory view showing an
operation of returning to the origins of support rail units
oﬁ the always moved sides of the board convéying/holdiné
devices in the component mounting apparatus of Fig. 1;

Fig. 14 1is an explanatory view showing an
operation of adjusting the support rail units on the always
moved sides of the board conveying/holding devices in the
component mounting apparatus of Fig. 1 according to the
board width;

| Fig. 15 is an explanatory view showing a state of
the support rail units of the board conveying/holding
devices in the component mounting apparatus of Fig. 1 when

a board is being conveyed;
Fig. 16 ;s an explanatory view showing a state of

the support rail units of the board conveying/holding
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devices in the component mounting apparatus of Fig. 1 when
components are being mounted;

| Fig. 17 is an eiplanatory #iew showiﬁé a state of
the support rail units of the board conveying/holding
devices in .the component mounting apparatus of Fig. 1
during maintenance thereof, replacement of support pins or
support plates, or change of nozzles;

Fig. 18 is an explanatory view showing a state of
the support rail units of the board conveying/holding
devices in the component mounting apparatus of Fig. 1 when
a mounting operation is completed;

Fig. 19 is an explanatory view showing a state of
the support raii- .uniﬁé of- fhe resﬁective board
conveying/holding devices in the component mounting
apparatus of Fig. 1 when boards are carried out after the
completion of the mounting operation;

Fig. 20 is an explanatory view showing a state of
the support rail units of the respective board
conveying/holding devices in the gomponent mounting
apﬁaratus of Fig. 1 when boards.afe carried in;

Fig. 21 is an explanatory view showing a state of
the support rail units of the board conveying/holding
devices in the component mounting apparatus of Fig. 1 when
mounting of components 1is started after completion of

carrying-in of the boards;
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Fig. 22 is a timing chart of a board conveying
operation in a first board conveying/holding device in the
component méunting'apbaratus'of_Fig. 1;

Fig. 23 is a timing chart of a board conveying
operation in a second board conveying/holding device in the
component mounting apparétus of Fig. 1;

Fig. 24 is a schematic right side view showing a
state of the board conveying/holding devices in the
component mounting apparatus of Fig. 1 when components are
being mounted as shown in Fig. 16;

Fig. 25 is a schematic right side view showing a

state of the board conveying/holding device in the

'componént mounting apparatﬁs of Fig. 1 when the support

rail unit is returned to the origin as shown in Fig. 13;

Fig. 26 is a schematic right side view showing a
state of the board conveying/holding device in the
component mounting apparatus of Fig. 1 during the
maintenance in Fig. 17;

Fig. 27 is a timing chart of the support rail
unit.of each of the board convéying/holdiﬁg devices in the
component mounting apparatus of Fig. 1 when the support
rail unit is returned to the origin and adjusted according
to the board width;

Fig. 28 is a block diagram showing a connection

relationship of a control unit to respective drive units
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and sensors in the component mounting apparatus of Fig. 1;

Fig. 29 1is a plan view showing a component
mounting'apparatus according to_anofher embodimént of'the
present invention;

Fig. 30 is a plan view showing a state of the
component mounting apparatus of Fig. 29 during component
mounting;

Fig. 31 is a plan view showing a state of a first
board conveying/holding device in the component mounting
apparatus of Fig. 29 when boards are being replaced;

Fig. 32 is a plan view showing a state of a
second board conveying/holding device in the component
mounting appaiatus of Fig.' 29 wﬁen boafds are beihg
replaced;

Fig. 33 1is a plan view showing a component
mounting apparatus according to yet another embodiment of
the present invention;

Fig. 34 1s a ©perspective view showing a
modification of a board conveying/holding device in a
component mounting apparatus according to the yet another
embodiment of the present invention;

Fig. 35 1is a plan view of a conventional
component mounting apparatus; and

Fig. 36 1s a general schematic layout plan of a

component mounting apparatus according to yet another
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“Bést'Mode.for Cérrying out the preSent 1nventlon_

Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by like reference numerals throughout the accompanying
drawings.

In a component mounting apparatus equipped with a
plate-like member conveying/holding device and a method
therefor according to a first embodiment of the present
invention, as shown in Figs. 1 to 3, components are mounted
onto a b§ard 2 onto which components are mounted {a board
refefred to irreépective of its posifién is designated by
reference numeral 2, while boards at specific positions are
designated by reference numerals 2-0, 2-1, 2-2, 2-3 or the
like) as an example of a plate-like member. A case where
this embodiment is applied to such a board
conveying/holding device and a method for holding the board
2 1s explained below.

The component mounting lépparétus is outlined
first before explained in detail.

In the above component mounting apparatus, in a
component mounting work area in one component mounting
apparatus, two electronic circuit boards 2 are diagonally

disposed in =zigzag so as to be opposed to each other.
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Components can be mounted independently on the respectivé

boards. Therefore, two sets of working heads, drive units

* thereof, - board conveying/holding devices, recognition

cameras, and so forth are disposed. Furthermore, the board
conveying/holding device holding the electronic circuit
board 2 1s moved to a position closer to a component feed
unit in each mounting areé to mount components. The
reference for adjusting the board conveying/holding device
according to the width of the board 2 (distance adjustment
according to the board width) in a front-side mounting area
closer to an operator of the two divided component mounting
work areas is an edge portion on the front side, while that
of the other mounting. areé, which is further <from the.

operator, is an edge ©portion on the rear side.
Consequently, the mounting time can be shortened by
minimizing the movement distance of the working head from
component feeding, component recognition to component
mounting. Board 2 carried into the respective board
conveying/holding devices are once positioned in a central
portion and theﬁ the boafd on the board con?eying/holding
device on the right hand side in Fig. 2 is positioned to
the left, while the board on the board conveying/holding
device on the left side is positioned to the right so that
the mounting movement distance can be reduced and thus the

time can be shortened. Furthermore, when the two boards 2,
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2 are positioned in zigzag sc as to be diagonally opposed
to each other, two tray feed units can be disposed in
zigzag so as_-to  be 'diagbnaily' oppésed_-to -eéqh other.’
Therefore, the successively disposed number of cassette
feed units does not need to be reduced and the tray feed
unit and the recognition position can be positioned closely,
thereby shortening the mounting time. Thus, this mounting
apparatus has wvarious advantages.

A constitution of the component mounting
apparatus according to one embodiment of the present
invention is explained in detail with reference to Figs. 1
to-9. - Through these figures, like gomponent members are
designated by like referenée numéréls.' |

Figs. 1 and 2 are a generél schematic perspective
view and a plan view, respectively, showing an electronic
component mounting apparatus in the above embodiment of the
present invention. A component mounting work area 200 of
the mounting apparatus is divided into two areas, a first
mounting area 201 and a second mounting area 202, in a
plate;like membe£ conveying directiQn at a board conveying
position, that is, divided assuming a component conveyance
path as a border. 1In Figs. 1 and 2, reference numeral 1
denotes a loader, which is disposed on the board carrying-
in side of the component mounting work area 200, and

carries an electronic circuit board 2 into the component
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conveyance path on the component mounting work area 200, in

which the first mounting area 201 and the second mounting

' érea-zoz are disposed adjacent to each other. ~ Reference

numeral 11 is an unloader, which is disposed on the board
carrying-out side of the component conveyance path on the
component mounting work area 200 and carries the electronic
circuit board 2 out from the component conveyance path on
the component mounting work area 200, in which the first
mounting area 201 and the second mounting area 202 are
disposed adjacent to each other. In the electronic
component mounting apparatus of the above embodiment,
various _componenf membgrs are positioned point-
symmetrically wifh réSpéct to a céntial point 102 of the
component mounting work area 200 (see Fig. 10) as described
below.

That 1s, reference numeral 3 denotes a first
board conveying/holding device equipped with a pair of

support rail units 21, 22 (when support rail units are

referred to irrespective of their positioned, reference

numerais 21, 22 are used while reference numerais 21-1, 21-
2, 22-1 and 22-2 are used for support rail units at
specific positions) for conveying and holding the
electronic circuit board 2 carried in from the loader 1 at
the board conveying position. Reference numeral 4 denotes

a working head, to which a plurality of, for example, ten
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component suction nozzles 10 for sucking and holding an
electronic component are replaceably attached in the first
méunting afea 201, Reférence nuﬁeral S dendtes an XY robot,
which positions the working head 4 in the first mounting
area 201 at a prescribed position in X-Y directions, which
are two directions perpendicular to each other in the first
mounting area 201. Reference numeral 7 denotes a nozzle
station, which is disposed in the wvicinity of a component
feed unit 8A described later in the first mounting area 201,
houses a plurality of kinds of nozzles 10 suitable for a
plurality of kinds of electronic components and replaces
these nozZles with nozzles 10 attached to the.wquing head
4 as reqﬁiréd. Referehcé numerals 8A, 8B denote cémponéﬁt

feed units, which are positioned at an end portion on the
front side of the operator with respect to the first
mounting area 201, that is, in front of the operator, and
house taping components, which are components housed and

held in a tape and are to be mounted on the board 2.

Reference numeral 8C denotes a component feed unit, which

is dispbsed in fhé vicinity of the component feed unit 8B
in the first mounting area 201 and houses tray components,
which are components housed and held on a tray and are to-
be mounted on the board 2. Reference numeral 9 denotes a
recognition camera, which is disposed on the side closer to

the center of the component mounting work area in the
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vicinity of the component feed unit 8A in the first
mounting area 201 and picks up an image of a suction
attitude of'an_elecfronic component sucked:by the nozzle 10
of the working head 4. Reference numeral 9a in Fig. 3
denotes a two-dimensional camera in the recognition camera
9. Reference numeral % denotes a three-dimensional camera
in the recognition camera 9.

Meanwhile, reference numeral 13 denotes a second
board conveying/holding device equipped with a pair of
support rail units 21, 22 for conveying and holding the
electronic circuit board 2 carried in from the first board
conveylng/holdlng dev1ce 3 1n the first mountlng area 201.
Reference numeral 14 denotes a worklng head, to which a
plurality of, for example, ten component suction nozzles 20
for sucking and holding an electronic component are
replaceably attached in the second mounting area 202.
Reference numeral 15 denotes an XY robot, which positions
the working head 14 in the second mounting area 202 at a
prescribed position in X-Y directions, which are two
directions pefpendiculaf to each other in the seéond
mounting area 202. Reference numeral 17 denotes a nozzle
station, which is disposed in the vicinity of a component:
feed unit 18A described later in the second mounting area
202, houses a plurality of kinds of nozzles 20 suitable for

a plurality of kinds of electronic components and replaces
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these nozzles with nozzles 20 attached to the working head
14 as required. Reference numerals 18A, 18B denote
éompbnent ‘féed- units, which are ;positioned at an eﬁd
portion on the side furthest from the operator of the
second mounting area 202, that is, in the rear side with
respect to the operator, and house taping components, which
are components housed and held in a tape and are to be
mounted on the board 2. Reference numeral 18C denotes a
component feed unit, which is disposed in the vicinity of
the component feed unit 18B in the second mounting area 202

and houses tray components, which are components housed and

‘held on a tray and are to be mounted on the board 2.

Reference numeral 19 denotes a recognition camera, which is

disposed on the side closer to the center of the component
mounting work in the wvicinity of the component feed unit
18A in the second mounting area 202 area and picks up an
image of a suction attitude of an electronic component
sucked by the nozzle 20 of the working head 14. Reference
numeral 19a in Fig. 3 denotes a two-dimensional camera in:
the recognition camera 19. .Reference.numerai 19 denofeé a
three-dimensional camera in the recognition camera 19.
There is further included a first moving device
composed of a ball screw shaft 35, first nut 27, second nut
48, motor 40 for moving a support rail unit, selective lock

mechanism 70, and so forth, which are described later. The
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first board conveying/holding device 3 is moved by the

first moving device in a direction crossing the board 2

‘conveying diiectionfbetween_the board conveying position

and a first work position, at which a prescribed work for
the board 2 held by the first board conveying/holding
device 3, for example, component mounting, is performed in
the first mounting area 201, for example, a first component
mounting position. There is also included a second moving
device composed of a ball screw shaft 35, first nut 27,
second nut 48, motor 40 for moving support rail unit,
selective lock mechanism 70, and so forth, which are

described later. The second board conveying/holding. device

13 is moved by the second ﬁmving device in a direction

crossing the board 2 conveying direction between the board
conveying position and a second work position, at which a
prescribed work for the board 2 held by the second board
conveying/holding device 13, for example, component
mounting, is performed in the second mounting area 202, for
example, a second component mounting position.

| The XY robot 5, 15 is constitutéd..as follows.
Two Y-axis drive units 6a, 6a of an XY robot device 6 are
fixed and disposed at front and rear end edges in the board
conveying direction of the component mounting work area 200
on a mounting apparatus base 16. Two X-axis drive units 6éb,

6c are disposed across these two Y-axis drive units 6a, 6a
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so as to move independently in the Y-axis direction and
avoid 'collision. Furthermore, the working head 4 for
mdﬁing in the first mounting.area'Zdl is &isposed_in the X-
axis drive unit 6b movably in the X-axis direction. The
working head 14 for moving in the second mounting area 202
is disposed in the X-axis drive unit 6c movably in the X-
axis direction. Therefore, the XY robot 5 is constituted
by the two Y-axis drive units 6a, 6a fixed to the mounting
apparatus base 16, the X-axis drive unit 6b movable in the
Y-axis direction on the Y-axis drive units 6a, 6a, and the
working head 4 movable in the X-axis direction in the X-
axis drive unit 6b. The XY robot 15 is constituted by the
twd Y—axis dfive‘ units 6a,- 6a fixed' to 'the mounting
apparatus base 16, the X-axis drive unit 6c movable in the
Y-axis direction on the Y-axis drive units 6a, 6a, and the
working head 14 movable in the X-axis direction in the X-
axis drive unit 6c.

The above embodiment of the present invention is
characterized by, first of all( the structure of the first
and second board conveying/holdiﬁg deviceé 3, 13:equippeq
with the front and rear support rail units 21, 22,
respectively. The first and second board conveying/holding
devices 3, 13 have exactly the same structure, except that
the first board conveying/holding device 3 and the second

board conveying/holding device 13 are positioned point-
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.symmetrically with respect to the central point 102 of the

component mounting work area 200. Therefore, the structure

of each board conveyihg/holding device is explained below

with reference to Figs. 4 to 8.

In Figs. 4 to 8, reference numerals 21, 22 denote
a pair of support rail units, which extend along the X
direction, are each equipped with a belt 500 for conveying
and holding a board and convey and hold an electronic
circuit board 2. A front-side support rail unit 21 of the
pair of support rail units 21, 22 functions as a support
rail unit on the reference side when the distance between
the support  rail wunits 21, 22 is adjusted (distance
adjustment éccording‘to the board width) accordiﬁg to the
width of board 2, that is, the locked side. A rear side
support rail unit 22 functions as a support rail unit on
the moved side, which is moved according to the width of
the board 2. Furthermore, in Figs. 4 to 8, reference
numeral 23 denotes a linear guide member, which is disposed
in the vicinity of both left and right end portions of the
boara cbnveyihg/holdiﬁg device-3; 13 in Fig. 6 and extends
in a direction (Y direction) ©perpendicular to the
longitudinal direction (X direction) of the support rail
units 21, 22. Reference numeral 24 denotes a front side
slider, which is disposed at each lower end portion of a

left end support pole 2l1a and a support pole 21b in the
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vicinity of a right end of the front side support rail unit
21 in Fig. 6 and moves linearly on each linear guide member
23 to guide so thét'the support'rail unit-él can move;in
parallel along the Y direction. Reference numeral 25
denotes a rear side slider, which is disposed at each lower
end portion of a left end support pole 22a and a support
pole 22b in the vicinity of a right end of the rear side
support rail unit 22 in Fig. 6 and moves linearly on each
linear guide member 23 to guide so that the support rail
unit 22 can move in parallel along the Y direction.
Reference numeral 35 denotes a ball screw shaft, which is

disposed above each linear guide member 23 .in the vicinity

of Dboth 1left and right end portions 6f the Dboard

conveying/holding device 3, 13 in Figs. 4 and 6 and extends
in a direction (Y direction) perpendicular to the
longitudinal direction (X direction) of the support rail
units 21, 22 and both ends of which are rotatably supported
by a board conveying device base 44. Reference numeral 40
denotes a motor for moving a support ;ail unit, which
dri&es rotation of the ball screw shaft 35 in thé forward
and reverse rotatlion directions. The linear guide member
23, the front side slider 24, and the rear slider 25
constitute a linear guide mechanism. Reference numeral 27
denotes a nut, which is rotatably attached to each end

portion of the support pole 2la at the left end of the
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support rail unit 21 and the support pole 21b in the
vicinity of the right end via each bearing 47 as shown in
Fig.. 7 and screw;threaded with the'bail screw shaft 35.
The nut 27 rotates integrally with a sleeve 46 while the
whole body thereof is covered with the sleeve 46 from
outside with the nut 27 disabling relative rotation and is
rotatably supported at the bearing 47 by the sleeve 46. A
gear 28 is fixed to one end portion in the axial direction
of the sleeve 46. Reference numeral 30 denotes a cylinder
for a selective lock mechanism, which is attached to each

support pole 2la, 21b of the support rail unit 21 and moves

.a piston rod up and down; A rack gear 29 engagable. with

the gear 28 ié fixéa to én upper end of the pisﬁon rod of
the cylinder 30 for the selective lock mechanism. When the
piston rod rises and is positioned at the upper end
position, the rack gear 29 is engaged with the gear 28 to
stop rotation of the nut 27. On the other hand, when the
pisﬁon rod lowers and is positioned at the lower end
position, a pin 43 of the lower end of the pistdn rod
penetrates the cylinder.30 downwards and is engaged with a
hole 45 of the board conveying device base 44 to fix the
support rail unit 21 at the position and disable its
movement. The hole 45 of the board conveying device base
44 is provided only at a position at which each pin 43 can

be inserted when the support rail unit 21 is positioned at
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the position of the origin P21 as an example of a reference

position (the position of the support rail unit 21 shown

with a dotted line in Fig. 6). A pulley 92, 91 is

connected to the left and right ball screw shafts 35, 35,
while a belt 90 is placed across these pulleys 92, 91 so
that the left and right ball screw shafts 35, 35 rotate in
the same direction synchronously by a rotation drive of the
motor 40, wvia the pulleys 92, 91 and the belt 90. When
each ball screw shaft 35 rotates, the nut 27, which is
rotatably supported by the bearing 47 and screw-threaded
with each ball screw shaft 35, also rotates. Thus, while

the.nut 27 is rotating, no force along the-Y-axis_direction

.acts.on the-front-side support fail unit 21, Therefore,

the front-side support rail unit 21 is not moved in the Y-
axis direction. On the other hand, when the cylinder 30 is
driven to raise the piston rod and thereby the rack gear 29
is engaged with the gear 28, rotation of the nut 27 is
regulated via the gear 28 and the sleeve 46. Therefore, a
force along the Y-axis direction acts on the nut 27 in
response tb rotation of each ball screw shaft 35 and the
front-side support rail unit 21 is moved in the Y-axis
direction. Thus, each selective lock mechanism 70 is
constituted by the gear 28, the rack gear 29, and the
cylinder 30. As a result, the front-side support rail unit

21 is moved in parallel in the Y-axis direction when the
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rack gears 29, 29 are engaged with the gears 28, 28 by the

left and right selective lock mechanisms 70, 70 to stop the

rotation of the nuts 27, 27. on the other hand, when the
piston rod of the cylinder 30 is lowered by the selective
lock mechanism 70, 70 and positioned at the lower end
position, the pin 43 at the lower end of the piston rod
penetrates the cylinder 30 downwards. When the support
rail unit 21 is positioned at the origin position P21, the
pin 43 is engaged with the hole 45 of the board conveying
device base 44. Thus, the front-side support rail unit 21
is fixed so that the support rail unit 21 cannot be moved
from the origin position P21l. When engagement of the rack
gear 29, 29 and the.géar 28, 28 ié released té allow ﬁhé
rotation of the nut 27, 27, the front-side 5upport rail
unit 21 is not moved along the Y-axis direction but is kept
at the position. Therefore, the distance between one pair
of the support rail units 21, 22 is adjusted according to
the width of the board 2, the front-side support rail unit
21 is not moved along the Y-axis direction by the selective
lock mechanism 70, 70 of the support rail unit 2i but is
kept at the position. Thus, the front-side support rail
unit 21 can be functioned as a support rail unit 21 on the
reference side, that is, the locked side.

On the other hand, reference numeral 48 denotes a

nut, which is provided rotatably via each bearing 49 at
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each of lower end portions of a support pole 22a at a left
end of the rear-side support rail unit 22 and a support
pole 22b in the.vicinityldf a right éhd therébf and screw-
threaded with the ball screw shaft 35 as shown in Fig. 7.
Each nut 48 rotates integrally with a sleeve 50 disabling
relative rotation while the whole body thereof is covered
with the sleeve 50 from outside and is supported rotatably
at the bearing 48 by sleeve 50. A gear 51 is fixed at one
end portion of each sleeve 50 in thelaxial direction. The
gear 51, 51 is connected to each lower end portion of the
support pole 22a at the left end of the rear-side support
rail unit 22 and the suppbrt_pole 22b in the viqinity of
the right'end.thereof by a bracket-52, 52. -Therefore, when
the ball screw shafts 35, 35 rotates, the rear-side support
rail unit 22 is guided by the linear guide members 23, 23
and the sliders 24, 24 and can be moved in parallel along
the Y-axis direction.

Furthermore, reference numeral 99 denotes a belt

drive shaft, which extends along the Y-axis direction, is

provided td each support rail unit. 21, .22 in' the
;ongitudinal direction thereof and drives a belt 500 for
placing and conveying a board 2 via a pulley or the like
synchronoﬁsly in the forward and reverse directions.
Reference numeral 42 denotes a belt drive motor, which

drives the belt 500 for placing and conveying the board 2
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synchronously in the forward and backward directions by
driving forward and reverse_ rotation of the belt drive
shafts 99. |

Furthermore, the board conveying device base 44
on the right side is equipped with a front-side limit
position detecting sensor 400 for detecting a front-side
limit position of the front-side support rail unit 21, a
front-side origin position detecting sensor 401 for
detecting the origin position P21 of the front-side support
rail unit 21, a collision avoiding sensor 406 for stopping
the rear-side support rail unit 22 to approach the front-
side support. rail unit 21 so as to preVent a collision of.
the front-side support rail unit 21 and 'the fear-side
support rail unit 22 when a dog 407 projected from the
support pole 22b in the vicinity of the right end of the
rear-side support rail unit 22 is detected, a rear-side
origin position detecting sensor 404 for detecting the

origin position P22 as an example of the reference position

of the rear-side sﬁpport rail unit 22, and a rear-side

limit position detecting sensor 405 for detecting the rear-
side limit position of the rear-side support rail unit 22.
All of these sensors 400, 401, 406, 404, 405 are connected
to a control unit 1000 to input their respective detection

results thereinto.

On the support rail unit 21, a board passage
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detecting sensor 31 for detecting passage of an electronic
circuit board 2 is disposed at a right end portion, that is,
at an end portion on the loader 1 side. A board stopper 32
for stopping the electronic circuit board 2 at a prescribed
position is disposed at a left end portion, that is, at an
end portion on the unloader 11 side. A board arrival
detecting sensor 33 for detecting approach and arrival of
the electronic circuit board 2 to the prescribed position
in the board conveying direction from the loader 1 towards
the unloader 11 side is provided in the vicinity of the
board stopper 32. As shown in Fig. 9, a cylinder 32D for
the board stopper drive has an upper end position detectlng
sensor S32 for detecting an upper end. pos1tlon of the
piston rod. The board stopper 32 is positioned at the
raised position and kept in contact with the board 2 while
components are being mounted.

As shown in Fig. 9, the support plate drive

cylinder 39 has an upper limit position detecting sensor

S39U for defecting an upper limit position of the piston

rod and a lower limit position detecting sensor $39L for
detecting a lower limit position thereof.

To mount electronic components on an electronic
circuit board 2 in high quality, the board 2 needs to be
supported from the lower direction. Accordingly, the board

conveying/holding device has a support plate 38, which is
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equal to the maximum-size board in size or larger and can

be moved up and down. The required number of support pins

- 87 ére provided on the support plate 38. The support plate

38 is raised by the support plate drive cylinder 39. The
lower surface of the electronic circuit board 2 1is
supported by the support pins 87 and the board 2 are
interposed between the support rail units 21, 22 at both
side portions thereof and held at a prescribed position.

As shown in Fig. 28, each of the sensors and the
drive units is connected to the control unit 1000. Drive

of each drive unit is controlled based on a prescribed

‘mounting program.- That is, those connected to the control.

unit 1006 inciude at least the board jpéssage detectiﬁg
sensor 31 (31-1, 31-2), board arrival detecting sensor 33
(33-1, 33-2), upper limit position detecting sensor S39U of
the support plate drive cylinder 39, lower limit position
detecting sensor S39L of the support plate drive cylinder
39, front-side limit position detecting sensor 400, front-
side origin position detecting sensor 401, collision
avoiding sensor 406; rear—-side origin position detecting
sensor 404, rear-side limit position detecting sensor 405,
recognition camera 9, 19, XY robot 5, 15, working head 4,
14, loader 1, unloader 11, motor 40 for moving support rail
units, belt drive motor 42, board stopper drive cylinder

32D, support plate drive cylinder 39, cylinder 30 for
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selective lock mechanism, database 1001 for storing

information related to mounting operations or the like such

" as -‘information :about the size of a board onto which

components are to bé mounted or the like, information about
the shape, height, and so forth of the components,
information about positions at which the components to be
mounted are to be mounted onto the board, mounting order,
or the like, the shape of a component suction nozzle,
information about the board conveying position of each
support rail unit or the like, and operation unit 1002 for
performing desired operations and so forth.

_Opérations of the electronic component nwupting |
apparétus of the above embodimenf cénstituted aé above are
explained with reference to operation explanatory views in
Figs. 10 to 17 and a timing chart in Fig. 27. The
electronic component mounting apparatus is operated under
the control of the control unit 1000.

Fig. 10 is a general layout plan showing
operation of the suppoft'rail units 21,'22 to return to the
origin and mounting operation thereof. The component feed
units 8A, 8B, 18A, 18B, recognition cameras 9,19 for
picking up of an image of a suction attitude of an
electronic component, working heads 4, 14 having suction
nozzles 10, 20 each having a shape suitable to an

electronic component to be sucked (see Fig. 17), and board
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conveying devices 3, 13 having the support rail units 21,

22 (see Fig. 18) are disposed point-symmetrically with
respect to the central.poiﬁt.loz_of the compdnent'mbuntiné
work area 200. As described above, the component mounting
work areé 200 is divided by a straight line passing through
the central point 102 along the board conveying direction
into two areas; the first mounting area 201 (lower half of
the component mounting work area 200 in Fig. 10) and the
second mounting area 202 (upper half of the component
mounting work area 200 in Fig. 10). The support rail units
21, 22, board passage detecting sensor 31, board stopper 32,
board arrival detecting sensor 33, and support plate 38 are
shown in the first‘moﬁnting area 201 as the Support rail
units 21-1, 22-1, board passage detecting sensor 31-1,

board stopper 32-1, board arrival detecting sensor 33-1,

and support plate 38-1, respectively, while shown in the
second mounting area 202 as the support rail units 21-2,

22-2, board passage detecting sensor 31-2, board stopper
32-2, board arrival detecting sensor 33-2, and support
plate 38;2, respectively. -

In the first mounting area 201, the support rail
unit 21-1 on the locked side is moved in a range to the
origin position P21-1 shown with a lower right solid line.
The support rail unit 22-1 on the moved side is moved in a

range to the origin position P22-1 shown with an upper
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right solid line. Meanwhile, in the second mounting area
202, the support rail unit 21-2 on the locked side is moved
in aurénge toifhe origin position P21¥2.Shown Qith an.upper
left solid line. The support rail unit 22-2 on the moved
side is moved in a range to the origin position P22-2 shown
with a lower left solid line.

Fig. 11 shows a state where the support rail
units 21-1, 21-2 on the locked side and the support rail
units 22-1, 22-2 on the moved side are not positioned at
the origins while the component mounting apparatus 1is
turned on.

Eig,'lz shows a state where, after the component
mounting apparatus-is furned on, tﬁe supporﬁ fail.units 21-
1, 21-2 on the locked side are moved to their respective
origin positions P21-1, P21-2 at a low speed to return to
the origins and locked at the origin positions P21-1, P21-2,
and then the support rail wunits 22-1, 22-2 on the moved

side are moved towards their respective origin positions

'P22-1, P22-2 at a low speed.

That is, in Fig. 12, in each ﬁountiﬁg area.201,
202, the motor 40 for moving support rail units is driven
and the ball screw shafts 35, 35 rotate synchronously. The
rack gears 29, 29 are engaged with the gears 28, 28 by the
selective lock mechanisms 70, 70 to regulate the rotation

of the nuts 27, 27. Therefore, the support rail unit 21-1
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on the locked side on the front side of the first mounting

area 201, that is, the lower right side of Fig. 10 and the

. support rail unit 21-2 on the locked side on the rear side

of the second mounting area 202, that is, the upper left
side of Fig. 10 are independently moved to the origin
positions, at which the holes 45 of the board conveying
device base 44 are formed as shown in Figs. 6 and 7 (lower
right origin position P21-1 shown with the solid line in
Fig. 10 for the first mounting area 201 and upper left
origin position P21-2 shown with the solid line in Fig. 10

for the second mounting area 202) at a low speed. The

'respective origin positions P21-1, P21-2 of the support -

rail units 21—1,‘21—2.on the locked side are positioned
closest to the recognition cameras 9,19 and the component
feed units 8A, 18A. That is, in the first mounting area
201, the support rail unit 21-1 on the locked side and the
support rail unit 22-1 on the moved side are integrally
moved downward at a low speed as shown with a downward
arrow in Fig. 12. Then, the moﬁement.of both the support
rail units 21;1, 22-1 is stopped when the support rail unit
21-1 on the locked side is positioned at the origin
position P21-1. In the second mounting area 202, the
support rail unit 21-2 on the locked side and the support
rail unit 22-2 on the moved side are integrally moved

upward at a low speed as shown with an upward arrow in Fig.
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12. Then, the movement of botﬁ the support rail units 21-2,
22-2 1is stopped when the support rail unit 21-2 on the
iocked side is positioned at the origin position 921—2;
Subsequently, when the support rail units 21-1,

21-2 on the locked side are completely returned to their
origins, the cylinders 30, 30 of the support rail unit 21-1,
21-2 on the locked side are driven and the pins 43, 43 at a
lower end of each piston rod are engaged with the holes 45,
45 of the board conveying device bases 44, 44. Thus, the
support rail units 21-1, 21-2 on the locked side are locked
at their respective origin positions P21-1, P21-2. That is,

after the support rail units 21-1, 21-2 on the locked side

are moved to their respective origin positibns p21-1, P21-2,

engagement of the rack gears 29, 29 with the gears 28, 28
is released by the selective lock mechanisms 70, 70 on the
respective support rail units 21-1, 21-2 on the locked side
and free rotation of the nuts 27, 27 is allowed and the pin
43 at the lower end of the piston rod of the selective lock
mechanism cylinder 30 is inserted and engaged with the hole
45 of the board conﬁe&ing device base 44. The.sﬁpport rail
units 21-1, 21-2 on the locked side are fixed at the
positions immovably.

Subsequently, when the front-side origin position
detecting sensor 401, 401 detects that the support rail

units 21-1, 21-2 on the locked side are positioned at their
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respective origin positions P21-1, P21-2 (when the rail
lock (furthest position) is switched from on to off in_Fig.
27y, a pfescribed'time period'is measured by a timer T6 and
then the motor 40 for moving support rail units is reverse-
driven so that the support rail units 22~1, 22-2 on the
moved side start moving towards their respective origin
position P22-1, P22-2 in a direction reverse to the above
at a low speed. That is, the support rail units 22-1, 22-2
on the moved side are first moved integrally with the
support rail units 21-1, 21-2 on the locked side in the

same arrow direction at a low speed by the low-speed

- movement of the support rail units 21-1, 21-2 on the locked

side to -their -origin position sidé. Then, affer the
support rail units 21-1, 21-2 on the locked side are
positioned at their respective origin positions P21-1, P21-
2, the motor 40 for moving support rail units is driven to
rotate in the reverse direction to rotate the ball screw
shafts 35, 35 synchronously in the reverse direction. Then,
the support rail units 22-1, 22-2 on the moved side are
moved at a low.speed in a direction reveise to the previous
movement and moved to their respective origin positions
(the upper right origin position P22-1 shown with the solid
line in Fig. 10 for the first mounting area 201 and the
lower left origin position P22-2 shown with the solid line

in Fig. 10 for second mounting area 202)}.



10

15

20

25

57 -

Subsequently, in Figs. 13 and 25, when the rear-
side origin position detecting sensors 404, 404 detect that
the Supbort rail units 22—1; 22-2 on the moved side are
moved to the outermost side, that is, reach their origin
positions P22-1, P22-2 and are positioned at the respective
origin positions P22-1, P22-2 of the support rail units 22-
1, 22-2 on the moved side, the movement of the support rail
units 22-1, 22-2 on the moved side is stopped and their
return to the origin is completed. As a result, the
support rail units 21-1, 21-2 on the locked side and the
support rail units 22-1, 22-2 on the moved side return to
-their respective origin positions P21-1, P21-2, P22-1, P22-
2 in Fig. 13. | o

Subsequently, while the support rail units 21-1,
21-2 on the locked side are fixed to their respective
origin positions P21-1, P21-2 in Fig. 14 similarly to Fig.
13, the support rail units 22-1, 22-2 on the moved side are
moved from their origin positions P22-1, P22-2 towards the
support rail units 21-1, 21-2 on the locked side according .
to the width of boards 2-1, 2-2 onto which components are
to be mounted. Thus, adjustment of the distances between
the support rail units 21-1, 22-1 and the support rail
units 21-2, 22-2 is completed. At this time, since the
widths of the boards 2-1, 2-2, onto which components are to

be mounted subsequently, are stored in advance in the
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database 1001, the movement amounts of the support rail

units 22-1, 22-2 on the moved side is calculated in the

operation -unit 1002 based on ‘this informaticn and

information such as movement amounts of the support rail
units 22-1, 22-2 on the moved side by rotation by the motor
40 for moving support rail units or the like. The amount
of rotation of the motor 40 for moving support raii units
is calculated, and the rotation driven by the motor 40 for
moving support rail units based on this calculation result
is controlled. The above operation can be performed in
advance and only the operation result information can be
stored in the database 1001 and the rotation driven by the
mofor 40 for moving .sﬁppoft rail units .can also be
controlled by utilizing this information.

Subsequently, after the adjustment of the
distances between the support rail units 21-1, 22-1 and the
support rail units 21-2, 22-2 is finished according to the
widths of the boards 2-1, 2-2, onto which components are to
be mounted, each rack gear 29 is engaged with each gear 28
by each selectivé ldck meéhaniém 70 and thén.the support
rail units 21-1 on the locked side and 22-1 on the moved
side are synchronously moved in one direction, that is,
upward in Fig. 15 by rotation of the ball screw shafts 35,
35 in the first board conveying/holding device 3 as shown

in Fig. 15. Similarly, in the second board
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conveying/holding device 13, each rack gear 29 is engaged
with each gear 28 by each selectlve lock mechanism 70 and
then the support rail units 21 2 on the locked side and 22—
2 on the moved side are synchronously moved in one
direction, that is, downward in Fig. 15 by rotation of the
ball screw shafts 35, 35 in the second board
conveying/holding device 13. Then, the support rail units
21-1 on the locked side and 22-1 on the moved side and the
support rail units 21-2 on the locked side and 22-2 on the
moved side are moved to a position (conveying position), at
which the left and right board conveying/holding devices 3,
13 are aligned in one line in the center of the component
moﬁnting work aréa 200 in the mounting apparatué. Thén,
the second board conveying/holding device 13 waits for the
board 2-1 to be carried in from the first Dboard
conveying/holding device 3, while the first Dboard
conveying/holding device 3 waits for a board 2-0 to be
carried in from the loader 1.

Subsequently, as shown in Figs. 16 and 24, the
first.board coﬁveying/holding de&iée 3 and the second board
conveying/holding device 13 are driven under the control of
the control unit 1000 so that the carrying-in of the board
2-1 from the first board conveying/holding device 3 to the
second board conveying/holding device 13 is completed.

Also, the loader 1 and the first board conveying/holding
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device 3 are driven under the control of the control unit
1000 so that the carrying-in of the board 2-0 from_loader 1
to the first board convéying/holding déviée 3 is’cﬁmpleted;
Subsequently, the support rail units 21-1, 22-1 of the
first board conveying/holding device 3 holding the board 2-
0 are moved downward in Fig. 16 to a position closest to
the recognition camera 9. The support rail units 21-2, 22-
2 of the second board conveying/holding device 13 holding
the board 2-1 are moved upward in Fig. 16 to each component
mounting position (position, at which the support rail
units 21-1, 22-1 on the locked side are positioned at their
respective origin positions.PZl—l, P22-1) as an example of
a work position posifiéned -closeét fo the recognitibn
camera 19. Here, the working heads 4, 14 suck desired
components from the component feed units 8A or 8B, 18A or
18B by the respective nozzles 10, 20. Then, the suction
attitudes of these components are image-picked up by the

recognition cameras 9, 19, and then calculated and

corrected, and then, the components are mounted onto the

electronic circuit boards 2-0, 2-1. In the above
embodiment, since the recognition camera 9, 19 and the
electronic circuit board 2-0, 2-1 are positioned at
positions closest to each other irrespective of the size of
the electronic circuit board 2 when mounting is performed,

the moving distance of the working head 4, 14 can be
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reduced and thus the mounting time can be shortened.

On the other hand, when maintenance of the

_ mounting:apparatus:is-performed, the support rail units 21-

1, 21-2 on the locked side and the support rail units 22-1,
22-2 on the moved side are moved to positions distant from
the first and second component mounting positions and
receded from above the support plate 38-1, 38-2 in Figs. 17
and 26. Consequently, various maintenance works for the
nmounting apparatus, for example, replacement of support
pins 87 or support plates 38-1, 38-2 for supporting an
electronic circuit board 2 from downward or replacement of
nozzles 10, 20 in_the-nqzzle_station 7, 17, can be easily
performed wifhoﬁt trouble. | .

The conveyance flow of boards under the control

of the control unit 1000 is described in detail below with .

reference to Figs. 18 to 21.

Figs. 18 to 21 show a flow of electronic circuit
boards 2 during production {component mounting). At a
stage where the production is started, the support rail
units 21-1, 21-2 on the-locked side ahd the support rail
units 22-1, 22-2 on the moved side are synchronously driven
together. Figs. 22 and 23 show timing charts in the board
conveying operation.

Fig. 18 shows ©positional relationship when

component mounting production is finished. At this tinme,
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the electronic circuit board 2-0 to be produced next is

ready on the loader 1.

First, as shown in the.fimingiéharts,in Figs. 22
and 23, after the component mounting production is finished,
the lower 1limit position detecting sensors S38L, S38L
detect that the support plates 38-1, 38-2 of the first and
second board conveying/holding devices 3, 13, start
lowering by drive of the support plate drive cylinders 39,
39 under the control of the control unit 1000 and are
positioned at their respective lower limit positions. When

detection signals from the lower limit position detecting

 sensors S39L, S39L are input in the control unit 1000, the

board stopper drivé cylinder 32Dlié driven énd.a stopper
32-1, which is provided on the support rail unit 21-1 on
the locked side of the first board conveying/holding device
3 and positioned at a raised position during a mounting
operation, 1lowers in the first board conveying/holding
device 3 so that the board 2 becomes in a state where the
board 2 can be carried out. A stopper 32-2, which is
provided on the support rail unit 21-2 on the locked side
of the second board conveying/holding device 13 and
positioned at a raised position during a mounting operation,
also lowers so that the board 2 becomes in a state where
the board 2 can be carried out.

When the detection signals from the lower limit
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position detecting sensors S39L, S39L are input in the
control unit 1000, the board stopper drive cylinder 32D is
driven in the first board conveying/holding‘ device 3: as
described above. In addition to this, in the first board
conveying/holding device 3, the motor 40 for moving support
rail units is driven and the ball screw shafts 35, 35
rotate synchronously. The support rail units 21-1, 22-1
start moving from a first component mounting position
towards the board conveying position in the central portion
of the component mounting work area 200 as shown upward in
Fig. 18. 1In the second board conveying/holding device 13
as well, the motor 40 for moving'support rail units iS.
driven and thé 'bali scfew' shafts 35, 35 rotate
synchronously. The support rail units 21-2, 22-2 start
moving from a second component mounting position towards
the board conveying position in the central portion of the
component mounting work area 200 as shown downward in Fig.
18. At this time, in the second board conveying/holding
device 13, when the motor 40 for moving support rail units
is driven,'the belt drive motor 42 is also dfivén at the
same time and conveyance is started so that the board 2-2
positioned on the right end portion side in the second
board conveying/holding device 13 is moved towards the left
end portion. When the board passage detecting sensor 31-2

detects the board 2-2, whether the motor 40 for moving
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support rail units is driven is judged. When this motor 40

is driven, drive of the belt drive motor 42 is stopped.

When this motor 40lié'not ariven, drive of the belt drive

motor 42 may be continued. This is for the purpose of

conveying the board 2-2 only on the support rail units 21-2,
22-2 of the second board conveying/holding device 13 to

shorten the conveying time from the second board
conveying/holding device 13 to the unloader side.

Consequently, the board 2-2 is not protruded from the

support rail units 21-2, 22-2 during the movement of the

support rail units 21-2, 22-2. Also, after the motor 490

for moving support rail units ‘is  driven and then a
preséribed time passes, fhat ié, before the support rail

units 21-2, 22-2 are positioned at the board conveying
position, drive of the belt drive motor 42 is suspended
once and the motor gets ready for the subsequent board
conveying operation at the board conveying position.

Fig. 19 shows a state where the support rail
units 21-1, 22-1 of the. first board conveying/holding
device 3 and the éupbort fail units 21-2, 2é—2 of the
second board conveying/holding device 13 arrive at the
board conveying positions in the central portion of the
component mounting work area 200 and are stopped at their
respective board conveying positions. In this state, the

loader 1, the support rail units 21-1, 22-1 of the first
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board conveying/holding device 3, the support rail units
21-2, 22-2 of the second board conveying/holding device 13,
andrthe unioader ll'aré éligﬁed iﬁ oﬁe line. - Heré,-the
electronic circuit board 2 flows from right to left.
Subsequently, it 1is detected that the support
rail units 21-2, 22-2 of the second board conveying/holding
device 13 are moved from fhe second component mounting
position to the board conveying position, that is, drive of
the motor 40 for moving support rail units of the second
board conveying/holding device 13 is stopped. Then, the

belt drive motor 42 is driven and the board 2-2 produced

(components-mounted) in the second board conveying/holding

device 13 is carried out from the second board
conveying/holding device 13 to the unloader 11. Completion
of the carrying-out is determined when the board passage
detecting sensor 31-2 detects that the board 2-2 passes and
is not present.

When the completion of the carrying-out of the
board is determined by the control unit 1000, the motor 40
fof moving' support fail units of the firsf board
conveying/holding device 3 is driven and conveyance of the
board 2-1 produced in the first Dboard conveying/holding
device 3 from the first board conveying/holding device 3 to
the second board conveying/holding device 13 is started.

Subsequently, as shown in Fig. 20, when the board
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arrival detecting sensor 33-2 detects arrival and passage

of the board 2-1 in the second board conveylng/holdlng

'devlce 13, drive of  the belt drive motor 42 1is stopped,

while the board stopper drive cylinder 32D is driven and
the board stopper 32-2 is raised to the upper limit
position. The upper end position detecting sensor 832
detects that the board stopper 32-2 reaches the upper limit
position.and is prepared to stop the board 2-1. Meanwhile,
the board 2-1 is conveyed in a direction from right to left
by drive of the belt drive motor 42. After the board
arrival detecting sensor 33-2 detects arrival and passage
of the board 2-1 and a lapse of a ;mescrlbed time (for
example, 0.1 ms) is measured by a tlmer T4 so that a delay
is achieved by time required for the board stopper 32-2 to
be raised to the upper limit position, rotation of the belt
drive motor 42 is driven in the reverse direction so that
the belt 500 attached to the support rail units 21-2, 22-2
of the second board conveying/holding device 13 is run in a
direction from left to_right and the board 2-1 is conveyed’
in thé reverse direction; Then,.the right side end edge of
the board 2-1 is brought into contact with the board
stopper 32-2 and the board arrival detecting sensor 33-2
detects arrival of the board 2-1. After the arrival is
detected and a prescribed time period is measured by the

timer T3, drive of the belt drive motor 42 is stopped. The
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belt drive motor 42 is thus driven in excess so that the

right side end edge of the board 2-1 can be brought into

contact with the board stopper 32f2'more reliably.

Meanwhile, after the board arrival detecting
sensor 33-2 detects the arrival and passage of the board 2-
1, the motor 40 for moving support rail units is driven and
the support rail units 21-2, 22-2 of the second board
conveying/holding device 13 start moving from the board
conveying position to the second component mounting
position, that is, towards the recognition camera 19. That

is, conveyance of the board 2-1 on the support rail units

21-2, 22-2 and movement of the support rail units 21-2, 22-

2 themselves from the board conveying poéition to fhe
second component mounting position are carried out at the
same time. Thus, the arrival of the board 2-1 on the
support rail units 21-2, 22-2 at the prescribed position
and tﬁe arrival of the support rail units 21-2, 22-2 at the
second component mounting position are both finished and
the - board conveying operation is finished. That is, when
the reverse drive of the bélt drive mdtor 42 ié stopped and
the drive of the motor 40 for moving support rail units is
stopped, a termination of the board conveying operation is
determined and the support plate drive cylinder 39 Iis
driven so that the support plate 38-2 is raised. Then, the

board 2-2 is supported by the support plate 38-2.
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Some time period is required between the board
conveying operations. During this time period, replacement
of nozzles .20_'required for productidn- or _the.'like is
performed in the nozzle station 17 or the like. In general,
nozzle replacement is performed a plurality. of times to
produce one electronic circuit board 2, and nozzle
replacement 1s performed since the nozzles are always
returned to original nozzles at the beginning of production
of boards 2.

Meanwhile, in the first board conveying/holding
device 1, when the board passage detecting sensor 31-1
confirms passage of the board 2-0 from the loader l,.the
board stopper drive cylinder 32D'i$ driven and the board
stopper 32-1 is raised to the upper limit position. The
upper end position detecting sensor 832 detects that the
board stopper 32-2 reaches the upper limit position and
preparation for «carrying in the board is completed.
Meanwhile, after a lapse of a prescribed time is measured
by a timer T1, the rotation speed of-the belt drive motor
42 is reduced sd fhat an impact is reduced Qhen the board
2-0 is brought into contact with the board stopper 32-1.
Then, the left end edge of the board 2-0 is brought into
contact with the board stopper 32-1 and arrival of the
board 2-0 is detected and confirmed by the board arrival

detecting sensor 33-1. After the arrival of the board is
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detected by the board arrival detecting sensor 33-1 and a
lapse of a prescribed time is measured by the timer TI1,
drive of the belt'dfive motof 42 is stopped. _The belt
drive motor 42 is thus driven in excess so that the left
side end edge of the board 2-0 is brought into contact with
the board stopper 32-1 more reliably.

Meanwhile, after the board passage detecting
sensor 31-1 confirms the passage of the board 2-0, the
motor 40 for moving support rail units is driven and the
support rail units 21-1, 22-1 start moving from the board
conveying position towards the first component mounting
position, that is, towards the recognition camera 9. As in '
thé éase of the éupport rail units 21;2, 22-2 of thelsecond
board conveying/holding device 13, conveyance of the board
2-0 and movement of the support rail units 21-1, 22-1 are
carried out at the same time. When both the operations are
completed, the board conveying operation is finished. That
is, when drive of the belt drive motor 42 is stopped and
drive of the nmtor'40_for'nmving support rail. units is
stopped, a terﬁination of the board conveying operation is
determined and the support plate drive cylinder 39 1is
driven so that the support plate 38-1 is raised. Then, the
board 2-0 is supported by the support plate 38-1.

Some time period is required during the board

conveying operations. During this time period, replacement
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of nozzles 10 required for production or the like is
performed in the pozzle station 7 or the like.

Fig. 21 shoWé alstéte.whefe.the board conveying
operation is completed and that the production of the board,
that is, component mounting operation is started as in the
case shown Fig. 16.

Subsequently, when the production is completed,
as explained with reference to Figs. 18 to 20, the support
rail units 21, 22 of each board conveying/holding device 3,
13 are moved from the first and second component mounting
positions to the board conveying position so that the
produced board is carried out. After a subsequent board is
carried in, the state is returned.tb ﬁhe mounting'state in
Fig. 21, and the mounting operation is continued. Thus,
components are successively mounted onto boards.

According to the above embodiment, in one
component mounting apparatus, the component mounting work

area 200 of the board 2 is divided into two areas, the

first mounting area 201 and the second mounting area 202,

assuming the board conveyance path from the board carryihg—
in side to the board carrying-out side as a center. In the
first mounting area 201, the board 2-1 is carried in from
the loader 1 to the first mounting area 201. The board 2-1
is positioned and held for a mounting operation at a

portion closest to the component feed unit 8A and the
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recognition camera 9 as an example of the first component

recognition unit disposed at an end portion of the first

: mounting area 201_along_a.directidn of the board conveyance

path. Subsequently, in the fifst mounting area 201,
components are sucked and held from the component feed
units 8A, 8B and mounted on at least a half area (a shaded
area 2A in Fig. 2) of the board 2-1 on the front-side with
respect to an operator on the side closer to the first
component feed unit 8A. Subsequently, after the mounting
work in the first mounting area 201 is finished, the board
2-1 is positioned and held for a mounting operation at a
portion closest to the cdmponent feed wunit -18A7_of the
second ﬁouhtiné areé-ZOZ and the récognition'cameta 19 as
an example of the second component recognition unit to
mount components onto the board 2-1. Subsequently, in the
second mounting area 202, components are sucked and held
from the component feed units 183, 18B and mounted at least

on a half area (a shaded area 2A in Fig. 2) on the rear

side viewed from the operator on the side closer to the

component feed unit 18A of the boardiz—i. Sﬁbsequenﬁly,
after the mounting work is finished in the second mounting
area 202, the board 2~1 1is carried out from the second
mounting area 202. As a result, the shortest distances
between the board 2 positioned at each mounting area 201,

202, each component feed unit 8A, 18A, and each recognition
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camera 9, 19 can be substantially reduced as compared with
a conventional case where a board is held on the board
conveYance'péth in;the component mountiﬁg work area. Thus, .
the mounting time can be shortened and productivity can be
improved.

That is, one component mounting work area 200 of
one mounting apparatus is divided into two areas, the first
mounting area 201 and the second mounting area 202 so that
two boards 2 are placed and components can be mounted.
Then, the board are moved back and forth in each mounting
area so that components are fed, recognized, and mounted on
the end edge side of_ the mounting area close to the
componéht feed unit. For example, the board 2 in-the'first
mounting area 201 is positioned at the front-side end edge
of the mounting area while the board 2 in the second
mounting area 202 is positioned at the rear-side end edge
of the mounting area. Therefore, the recognition camera 9,
19 and the electronic circuit board 2-0, 2-1 approach each
other to have the shortest distance " therebetween
irrespecti&e of the.sizé of the electrénic circuit board é
when mounting operations are performed. Consequently, the
moving distance of the working head 4, 14, that is, the
distances between positions for three operations, suction,
recognition, and mounting operations of components are

minimized. Thus the mounting time can be shortened and the
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productién efficiency can be improved. In particular, when
components are conventionally mounted onto a board in the
viéinity _of. the bqardl conVeying pésition,- the. distaﬁces
between positions for three operations, suction,
recognition, and mounting of components are long for a
small board and thus the mounting time is long. In this
embodiment, however, whether the board is small or large,
the board is positioned at such a position for mounting
operation that the distances between positions for three
operations, suction, recognition, and mounting of
components become short. Therefore, the mounting time can

be substantially reduced. In particular, in each mounting

'érea,' the component feed units 83; .8B, 183, 18B are

disposed almost at the whole the end edges along the board
conveying direction in the component mounting work area as
shown in Figs. 2 and 3. Therefore, the recognition cameras
9, 19 are disposed on the central side of the component
mounting work area 200 while the position where the board 2
is to be positioned is located on the central side of the
componeht moﬁnting .work area 200 | in the boafd
conveying/holding device 3, 13 so that the distances.
between positions for three operations, suction,
recognition, and mounting of componenté become shorter.
Thus, the mounting time can be further improved. Since one

component mounting work area 200 is divided into two, the
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moving distance of the working heads 4, 14 is reduced and
thus the mounting time can be improved5 For_example, in
the mounting apparatu$ of_this'émbodimeht, time required tos
mount one component can be reduced to about a half of that
required in a conventional device. Thus, mounting time can
be substantially improved.

Since two boards 2, 2 are positioned diagonally,
that is, in zigzag, in the component mounting work area 200
in one component mounting apparatus, a mounting efficiency

per unit area can be improved as compared with a

conventional device in which only one board 2 is positioned.

. Furthermore, due to the zigzag positions. of the
boafds 2,' 2 in one component mouﬁting apparatus, for
example, other component feed units such as the tray-type
component feed unit 8C, 18C, in which semiconductor chips
or the like can be housed without reducing the successively
disposed number of the already positioned component feed
unit, for example, cassette feed units, or the like can be
positioned in zigzag in an area in which no board 2 is
placed. The cémponent feed unit constituted by the tray-
type component feed unit or the like can be located closer
to the board and thus component feeding efficiency can be
improved.

Furthermore, according to the above embodiment,

when maintenance of the mounting apparatus is performed,
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the support rail units 21-1, 21-2 on the locked side and
the support rail units 22-1, 22-2 on the moved side are
moved to positibﬁs that - are distahf .from‘ the first and
second component mounting positions, respectively, and
receded from above the support plates 38-1, 38-2,
Consequently, when various maintenance works for the
mounting apparatus such as, for example, replacement of the
support pins 87 or the support plates 38-1, 38-2 for
supporting the electronic circuit board 2 from downward or
replacement of the nozzles 10, 20 in the nozzle station 7,
17 are performed, the various maintenance works can be
easily perﬁormed without trouble.  Furthermore, the support
plates 38 can be easily replaced in a batcﬁ and.thué the
time required to change positions of the support pins 87
can be shortened.

Furthermore, if operations are controlled and the
sensors and the stoppers are arranged so that the board is
placed in the board conveying direction in the second board
conveying/holding device 13 once and then the board 2 is
ﬁoved in a direction reﬁerse to the board conveying
direction and positioned when only arrangement of the first
board conveying/holding device 3 and the second board
conveying/holding device 13 is changed point-symmetrically
and the board 2 1is positioned in the second board

conveying/holding device 13, the first board
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conveying/holding device 3 and the second board

conveying/holding device 13 can have exactly the same

" structure and becomes in common with each other.

Furtherﬁore, by the locking operatioh and the
unlocking operation of the selective lock mechanism 70, a
Y-~direction moving operation, in which the support rail
unit 21 on the locked side is moved integrally with the
support rail unit 22 on the moved side, and a distance
adjusting operation according to the board width, in which
the support rail unit 21 on thé locked side is fixed and
only the support rail unit 22 on the moved side is moved,
can. be selected. The drive  shaft for the distance
adjustment aécording ﬁé the board width for édﬁustihg the
distance between the support rail units 21, 22 according to
the board width and the drive shaft for conveying the board
can be commonly used. Therefore, the number of the drive
shafts can be reduced. Thus, the drive mechanism for the

distance adjustment according to the board width and the

drive mechanism for conveying the board can be simplified.

Furthérmore, the locking operétion .and the
unlocking operation of the selective lock mechanism 70, 70
can be selectively performed by drive of the selective lock
mechanism cylinder 30. As a result, the Y-direction moving
operation, in which the support rail unit 21 on the locked

side is moved integrally with the support rail unit 22 on
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the moved side, and the distance adjusting operation
according to the board width, in which the support rail
unit 21 on the locked side is fixed and only the  support
rail unit 22 on the moved side is moved, can be easily and
reliably selected.

Furthermore, since one motor 40 is driven to
drive rotation of two ball screw shafts 35, 35
synchronously so that the support rail units 21, 22 are
easily moved, the two ball screw shafts 35, 35 can be
easily driven synchronously and the support rail units 21,
22 can be more reliably moved in parallel.

Furthermore, since the support plate 38 having
the sﬁppoit pins 87 and the sﬁpport.rail units 21,.22 are
separated and independently déiven, the movement mechanism
is made lighter and simplified as compared with the case
where the support plate 38 and the support rail unit are
integrally moved. Thus, the moving operation can be faster
at a lower cost.

When the board p051t10n1ng stopper 32 and the
board arrival detecting sensor 33 are dlsposed at the front
and rear end portions in the board conveying direction in
each board conveying/holding device 3, 13, the board 2 can
be positioned at both front and rear end portions in the
board conveying direction. Therefore, in each mounting

area 201, 202, a board positioning position at which the
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board 2 is positioned, can be arbitrarily determined based
on information such as the size of the Dboard 2,
diétribution'of ﬁositions at which components are mounted,
distribution of positions at which components are sucked
from the component feed unit and held and so forth.

Furthermore, when component mounting in the first
board conveying/holding device and component mounting in
the second board conveying/holding device are performed
simultaneously, mounting operations can be performed more
efficiently and thus mounting time can be shortened.

Furthermore, when board conveyance from the
loader to the first board cohveying/holding device, board _
édnveyénce from the first board convejihg/holding device to
the second board conveying/holding device, and board
conveyance from the second board conveying/holding device
to the unloader are performed simultaneously, board
conveying operations can be performed more efficiently and
thus the mounting time can be shortened.

It is noted that the present invention is not
limited to.the abové émbodiment, but can be aéplied in
other various aspects.

For example, due to the zigzag positions of the
boards 2, 2 in one component mounting apparatus, when other
component feed units such as a tray-type component feed

unit 8C, 18C, which can house, for example, semiconductor
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chips or the 1like without reducing the successively
disposed number of the already positiqned component ﬁeed
unit, fér example; -cassette.:feed. unité, are disposed in
zigzag in an area in which no board 2 is placed, an
automatic tray replacement device 300 may be provided to
automatically replace the tray-type component feed unit 18C
as shown with an alternate long and two dot-chain line in
Fig. 3. Furthermore, this not specifically shown, but,
while the tray-type component feed unit 8C is manually
placed by an operator, the automatic tray replacement

device 300 may be provided to automatically replace the

tray-type component feed unit 8C as in the case of the

tray-type componenﬁ feed.unit 18C. Furthermofe, automatic
component feed unit replacement devices may be provided for
other component feed units 8A, 8B, 184, 18B to
automatically replace the component feed units 8A, 8B, 184,
18B. Consequently, since stop of a mounting operation due

to shortage of components in the component feed unit or the

‘1ike during component mounting is"prevented, practical

production capacity, tﬁat is, real productivity, can be
improved. That is, components are continuously fed and
mounted at a high speed. Furthermore, when the component
feed units and other constituent elements of the component
mounting apparatus such as their respective automatic

replacement devices or the like are modulated, they are
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appropriately replaced in response to further improvement
of the mounting apparatus and thus the component mounting
lapparatus Cén be advanced. That is, while basic.elementé
are assumed as a foundation, the component mounting
apparatus can be advanced only by replacing a module of
each constituent element. Furthermore, as described above,
when constituent elements are modulated, a model change of
the board or the component can be responded only by
appropriately replacing the module of the constituent
element even if the model of a board or a component is
changed. Thus, productivity per device installation area,
that is, area productivity, can also be improved.
Furthermore, the compoﬁent moﬁnting-wofk area 200
of the mounting apparatus is divided into two areas, the
first mounting area 201 and the second mounting area 202,
along the component conveying direction. However, the area
does not need to be evenly divided into two areas, but may
be divided into two areas in arbitrary proportions.
'Furthermore, if mounting operation in the first
mounting area 201 and.:mountiné operation in the second
mounting area 202 can interfere each other due to the size
of the mounting areas or the board, operations may
controlled by the control unit 1000 so that respective
mounting operations may be performed independently in a

non-interference area, whereas either one mounting
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operation is on standby in an interference area.

Furthermore, the component mounting position 1is
not limited:tolthe origih positién of one support raii unit
21 closer to the recognition camera 9, 19 and the component
feed unit 8A, 18A, but caﬁ be set to be at an arbitrary
position.

Furthermore, on the support rail units 21, 22,
the position at which the board 2 is positioned is not
limited to either one end portion, but may be positioned in
the central portion by utilizing the board stopper 32 or
the like. Furthermore, in the above embodiment, the board
2" is positioned at the left side end portion in the first
board..cohveying/holaing device 3, while the boafd 2 1is
positioned at the right side end portion in the second
board conveying/holding device 13. However, as required,
the board 2 may be positioned at the right side end portion
in the first board conveying/holding device 3, while the
board 2 may be positioned at the left side end portion in
the second board conveying/holding device 13. In this case,
at least the board stoppérs'32 aré préferably positiohed on
both left and right sides of each board conveying/holding
device as shown with solid lines and chain lines in Figs. 2
and 8.

Thus, the position at which the board 2 is

positioned on the support rail unit 21, 22 can be optimally
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determined based on the size of the board 2, positions at

which components are mounted on the board 2, positions of

" the recognition cameras 9, 19, the component feed units 83,

8B, 183, 18B and so forth, the position of the component
feed unit which takes components most frequently and so
forth among the component feed units 8A, 8B, 18A, 18B.
Furthermore, two ball screw shafts for moving
support rail units 21, 22 in parallel are disposed in each
board conveying/hclding device 3, 13, but a simpler
structure can be achieved by, for example, disposing one

ball screw shaft in the center and guide members on both

. sides thereof.

Furthermbre, as shown inhFigs.'29 to 32,-a board
conveying device 3A, which is fixed in the vicinity of the
component feed unit 8C of the first board conveying/holding
device 3, performs only conveyance of the board, and cannot
move in the Y-axis direction, may be disposed, while a
board conveying device 13A, which is fixed in the vicinity
of the component feed unit 18C of the second board
bonveying/holding.device 13, performs only cbnveyance of
the board, and cannot move in the Y-axis direction, may be
disposed. Consequently, when mounting operation in the
first board conveying/holding device 3 is finished and
mounting operation is not finished on the side of the

second board conveying/holding device 13, while the first
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board conveying/holding device 3 is disposed adjacent to
the board conveying device 3A as shown in Fig. 31, a board
'Z—l‘held by the_first:boa:d cbﬁ%eying/holding device 3 is
carried out to the board conveying device 3A and then
carried out further to the unloader 11, while a new board
2-0 can be carried in from the loader 1 to the first board
conveying/holding device 3. Furthermore, when mnounting
operation in the second board conveying/holding device 13
is finished and mounting operation on the side of the first
board éonveying/holding device 3 is not finished, while the

second board conveying/holding device 13 is disposed

adjacent to the board conveylng device 13A as shown 1n Flg

32, a board 2 2 held by the second board conveylng/holdlng
device_13 can be carried out to the unloader 11, while a
new board 2-0 can be carried in from the loader 1 wvia the
board conveying device 134 to the second board
conveying/holding device 13. It is noted that the loader 1
and the unloader 11 are preferably moved between the
positions shown with dotted 1lines .and solid lines,
respectivély, in-the Y-axis direction. |
Furthermore, when the respective support rail
units 121-1, 122-1, 121-2, 122-2 of the first board
conveying/holding device 3 and the second board
conveying/holding device 13 have a length equal to or

longer than the width of the component mounting work area
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200 along the board conveying direction as shown in Fig. 33,

boards can be carried in and out irrespective of mounting

operation in.the other boérd?conveying/holding device as in

the case of the modifications in Figs. 29 to 32.
Furthermore, the selective lock mechanism 70 does
not need to be positioned on the side of one support rail
unit 21, but may be disposed at the other support rail unit
22 as well, as shown in Fig. 34 and thus both of the
support rail units 21, 22 may be used as support rail units
on the locked side. Consequently, for example, distance
adjustment according to the board width does not
necessarily need to be.performed by fixing the front-side
support rail unit 21-1 wifh réépeét to the .front—side'
origin position and moving a rear-side support rail unit
22-1 in the first mounting area 201, but can be performed
by fixing the rear-side support rail unit 22-1 with respect
to the rear-side origin position and moving the front-side

support rail unit 21-1. Therefore, when the board

'~ conveying direction is changed to a direction reverse to

that in the above embodiment or the like, as deécribed
above, the reference position of the support rail units 21,
22, can be easily and reliably changed from the front-side
reference which is based on the front-side origin position,
fo the rear-side reference which is based on the rear-side

origin position.
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It is noted that the selective lock mechanism 70

is not limited to a gear mechanism composed of the rack

geaf and the geap'described ébove, but a clutch mechanism
or the like can alsoc be employed.

Furthermore, Fig. 36 shows a component mounting
apparatus according to yet another embodiment of the
present invention. In this component mounting apparatus,
while the first and second board conveying/holding devices
3, 13 are disposed adjacent to each other, a long board 2G
placed across the first and second board conveying/holding

devices 3, 13 (shown with a shaded portion in the figure)

-is carried in and ' the first and . second ‘board

convéyihé/h§lding-dévices 3, 13 are synchronouély moved to
either the first mounting area 201 or the second mounting
area 202 in parallel to mount components. In the example
in Fig. 36, the first and second board conveying/holding
devices 3, 13 are synchronously moved in parallel into the
first mounting area 201 and components held from the
component feed units 8A, 8B by the head 4 are mounted onto
the long board 2G placed across thé fifst ahd second béard
conveying/holding devices 3, 13. After mounting, the first
and second board. conveying/holding devices 3, 13 are
returned to the conveying positions on the central side,
and then, the board is carried out to the downstream side.

Or, the first and second board conveying/holding devices 3,
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13 are synchronously moved in parallel into the second
mounting area 202 and components held from the component
feed units 18A, 18B by the 'h'ead_-14- are 'm.o_unt'_;ed-onlto the.
long board 2G placed across the first and second board
conveying/holding devices 3, 13. After mounting, the first
and second board conveying/holding devices 3, 13 are
returned to the conveying positions on the central side,
and then, the board is carried out to the downstream side.
It is noted that reference numeral 32G denotes a board
stopper for positioning when the long board 2G is carried
into the first and second board conveying/holding devices 3,
13. _Consequently,_usually as shown in Fig. 2, the first
and..second board -conveying/holding devices. 3, 13 are
separately driven to independently mount components in the
first mounting area 201 and the second mounting area 202.
However, when the long board 2G placed across the first and
second board conveying/holding devices 3, 13 is carried in
and components are mounted thereon, the above operations
are performed so that components can be appropriately
mounted-onfo boafds having fotally different sizes in.one
conponent mounting apparatﬁs by driving the first and
second board conveying/holding devices 3, 13.

It is noted that arbitrary embodiments among the
above various embodiments can be appropriately combined to

exert their respective effects.
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According to one aspect of the present invention,

the selective lock_mechanism releases the engagement with

‘the first nut of ‘the first rail-like holding member and

relative rotation of the first nut relative to the first
rail-like holding member is allowed. Then, by rotating the
screw shaft, only the second rail-like holding member is
moved and the position of the second rail-like holding
member relative to the first rail-like holding member is
changed, while the selective lock mechanism is engaged with
the first nut of the first rail-like holding member to
thereby rotate the screw shaft so that the first rail-like
holding member and the second rail-like holding member can
be integraily moved in .patéllel; Therefore,. only by
performing a locking operation and an unlocking operation
of the selective lock mechanism, a gap changing operation
for changing the position of the second rail-like holding
member relative to the first rail-like holding member and a
moving operation for integrally moving the first rail-like
holding member and the second rail-like holding member in
parallel can.be performed selectively, feliably and easily.
After the plate—like member is carried into the conveying
position, it can be moved to a desired work position and
held and thus a desired work can be performed efficiently.
At the same time, after the desired work is finished, the

plate-like member can be carried out to the conveying
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position and thus the plate-like member can be carried in,
held, and carried out efficiently and rapidly.

Accérding ‘to another 'éspect. of .the present
invention, one component mounting work area of one mounting
apparatus is divided into two areas, a first mounting area
and a second mounting area so that two boards are placed to
mount components thereon. Then, the board is moved forward
and backward at each mbunting area so that components are
fed, recognized, and mounted on the end edge side of the
mounting area close to the component feed unit. For
example, the board in the first mounting area is positioned

at the front-side end edge of the mounting area, while the

' poard in the second mounting area is positidned. at the

rear-side end edge of the mounting area. Therefore, the
recognition unit and the electronic circuit Dboard can
approach each other to have the shortestl distance
therebetween irrespective of the size of the electronic
circuit board when a mounting operation 1is performed.
Consequently, the moving distance of a member for sucking
ana holdiné component, for example, a working head, that is,
the distances between positions for three operations,
suction, recognition, and mounting of components are
minimized. Thus, the mounting time can be shortened and
the production efficiency can be improved. 1In particular,

when components are conventionally mounted on a board in
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the vicinity of the board conveying position, the distances
between positions for three operations, suction,
'recognition; -and mounting of ébmponents_ arg' lbng for a
small board and thus the mounting time are long. In the
present invention, however, whether the board is small or
large, the board is positioned for mounting operations so
that the distances between positions for three operations,
suction, recognition, and mounting of components becomes
short. Therefore, the mounting time can be substantially
reduced. In particular, when the component feed units are

disposed almost at the whole end edge along the board

~conveying direction in the component mounting work area in

each mounting area, the recognition'unif is dispbsed on the
central side of .the component mounting work area and a
position at which the board is positioned in each board
conveying/holding device is positioned on the central side
of the component mounting work area so that the distances

between positions for three operations, suction,

‘recognition, and mounting of components becomes shorter.

Thus, the mounting time can be further improved.
Furthermore, since one component mounting work area 1is
divided into two, the moving distance of the working heads
is reduced and thus the mounting time can be improved.
Furthermore, when two boards are positioned

diagonally, that is, in zigzag, in one component mounting
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work area in one component mounting apparatus, a mounting
efficiency per unit area can be improved as compared with a
cénventional dévice,'in.whiéh only one'bOard ié placed.

Furthermore, due to the zigzag positions of the
boards in one component mounting apparatus, other component
feed units such as a tray-type component feed unit 8C, 18C
in which, for example, semiconductor chips or the like can
be housed, without reducing the successively disposed
number of the already positioned the component feed unit,
for example, cassette feed units or the like can be
positioned in zigzag in an area in which no board 2 is
placed, In this case, the'component feed unit constituted
by the tréy—t&pe éémpénent feed ﬁnit or the like can be
positioned closer to the board and thus component feeding
efficiency can be improved.

Furthermore, when maintenance of the mounting
apparatus is performed, rail-like holding members on the

locked side and rail-like holding members on the moved side

‘are moved to positions that are distant from the component

mounting positions and receded from above the sﬁppcrt platé
for supporting each other from downward. Consequently, in
this case, when various maintenance works for the mounting
apparatus such as, for example, replacement of the support
pins or the support plates for supporting an electronic

circuit board 2 or replacement of the nozzles for sucking
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and holding components in the nozzle station can be easily

performed without trouble. Furthermore, the support plates

- can be easily réplaced in a batch and thus time'required_to

change positions of the support pins can be shortened.
Furthermore, if operations are controlled and
sensors and stoppers are positioned so that only the
positions of the first board conveying/holding device and
the second board conveying/holding device are changes and
the board is placed in the board conveying direction in the
second board conveying/holding device once and then the
board 1is moved 1in a direction reverse to the board
conveying direction and positipned .when the board is
pbéiﬁionad in thé second'board'conveying/holding device;
the first board conveying/holding device and the second
board conveying/holding device have exactly the same
structure and become in common with each other.
Furthermore, by including the selective lock
mechanism %to perform the locking operation and the
unlocking operation, the Y-direction moving operation in
which a rail-like holding member on the lockéd side is
moved integrally with rail-like holding member on the moved
side, and the distance (width) adjusting operation
according to the board width in which the rail-like holding
menber on the locked side is fixed and only the rail-like

holding member on the moved side is moved, can be selected.
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The drive shaft for the distance adjustment according to
the board width for adjusting the distance between the
first and.second rail—like'holdiné members'accbfding'tq the
board width and the érive shaft for conveying the board can
be commonly used (unified). Therefore, the number of the
drive shafts can be reduced. Thus, the drive mechanism for
the distance adjustment according to the board width and
the drive mechanism for conveying the board can be
simplified.

Furthermore, when one motor is driven to drive
rotation of two ball screw shafts synchronously and move
the first and second rail-like ‘holding members, the two
ball écreh shafts caﬁ be easil? driven synchronously and

the first and second rail-like holding members can be

~reliably moved in parallel.

Furthermore, when the support plate having the
support pins and the first and second rail-like holding
members are separated and independently driven, the
movement mechanism is made lighter and simplified as
compared with the case -whére thé support plate ana the
first and second rail-like holding member, are integrally
moved. Thus, the moving operation can be faster at a lower
cost.

When the board positioning stopper and the board

arrival detecting sensor are disposed at the front and rear
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end portions in the board conveying direction in each board
conveying/holding device, the board can be positioned at
any oné'of the front.and'rear énd-portioné in the board
conveying direction. Therefore, in each mounting area, a
board positioning position at which the board is positioned,
can be arbitrarily determined based on information such as
the size of the board, distribution of positions at which
components are mounted, distribution of positions at which
components are sucked from the component feed unit and held,
and so forth.

Furthermore, when component mounting in the first
board conveying/holding device and component npunting in
the Sécond- board conveying/holding deviée' are'-performed
simultaneously, the mounting operations can be performed
more efficiently and thus the mounting time can be improved.

Furthermore, when board conveyance from the
loader to the first board conveying/holding device, board

conveyance from the first board conveying/holding device to

the second board " conveying/holding device, and board-

conveyanée from the secoﬁd.board conveying/holding dévice
to the unloader are performed simultaneously, the board
conveying operations can be performed more efficiently and
thus the mounting time can be improved.

According to another aspect of the present

invention, the two plate-like member conveying/holding
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devices, that is, the first plate-like member
conveying/holdipg device and_ the second plate-like member
conVeying/ho.lding dévi‘ce. are disposed. adjacéht to eabﬁ
other and a plate-like member to be subjected to a
prescribed work 1is carried in or out at the plate-like
member conveying position in the work device. After the
plate-like member 1is carried in, the devices hold the
plate-like membeis and move to their respective work
positions so that they can independently perform the
prescribed work. Therefore, the plate-like members can be

carried in and out at the plate-like member conveying

. positions, while the work for the plate—like'members_ can be

performed at the work poéifions. | That 1is, 'respective
operations <can be ©performed at optimal ©positions.
Therefore, work efficiency of each operation can be
improved and there is no portion which is used only for
plate-like member conveying operation and cannot be.used

for work operations. Thus, whole the installation area of

the work device can be effectively utilized.

Although the present invention has been. fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that wvarious changes and modifications are
apparent to those skilled in the art. Such changes and

modifications are to be understood as included within the
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scope of the present invention as defined by the appended

claims unless they depart therefrom.
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1. A device for conveying and holding a plate-like
membéf, comprising: | |

a first rail-like holding member (21} and a
second rail-like holding member (22), each including a
conveying member (500) for conveying the plate-like member
{2) so that the plate-like member can be carried in and out
and held;

a ball screw shaft (35) which is disposed to
extend in a direction perpendicular to a longitudinal
direction of the first rail-like holding member and the
second rail-like holding member and moves the second rail-
like holding member or mo#es the first fail-like hoiding
member and second rail-like holding member in parallel;

a rotation drive unit (40) which drives rotation
of the ball screw shaft;

a first nut (27) which is attached rotatably
relative to the first rail-like holding member and screw-
threaded with the screw shaft;

a second nut (48) which is fixedly attached fo
the second rail-like holding member and screw-threaded with
the screw shaft; and |

a selective 1lock mechanism (70) which can
alternatively select an operation of engaging with the

first nut of the first rail-like holding member to stop
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rotation of the first nut and an operation of releasing the
engagement with the first nut of the first rail-like
holdiné member_to a;1ow the_fifSﬁ nut'fo rotate relatively
to the first rail-like holding member,

wherein after the selective lock mechanism
releases the engagement with the first nut of the first
rail-like holding member to allow the first nut to rotate
relatively to the first rail-like holding member, only the
second rail-like holding member is moved by rotating the
screw shaft, and a position of the second rail-like holding

member relative to the first rail-like holding member is

: changed, while, after the selective. lock -mechanism is

éngéged with.the first nut of the first rail-like holdiﬁg
member, the first rail-like holding member and the second
rail-like holding member are integrally moved in parallel
by rotating the screw shaft.

2. A device for convéying and holding a plate;like
member according to Claim 1, wherein the rotation drive
unit is one motor for driving forward and reverse rotation
of the screw shaft.

3. A device for conveying and holding a plate-like
member according to Claim 1, wherein the second nut (48}
screw-threaded with the screw shaft is not attached fixedly
to the second rail-like holding member, but attached

rotatably relative to the second rail-like holding member,
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while the selective lock mechanism (70} can select
alternatively an operation of engaging with the second nut
of the second rail-like holding member to Stob rotatioﬁ of
the second nut or an operation of releasing engagement with
the second nut of the second rail-like holding member to
allow the second nut to rotate; and
the selective lock mechanism releases the

engagement with the first nut of the first rail-like
holding member to allow the first nut to rotate relatively
to the first rail-like holding member and then rotates the
screw shaft to move only the second rail-like holding
member relatively to the first rail-like holding member, or
fhe selective lock mechanism feleases the.engagement'with
the second nut of the second rail-like holding member to
allow the second nut to rotate relatively to the second
rail-like holding member and then rotates the screw shaft
to move only the first rail-like holding member relatively
to the second rail-like holding member so that a gap
distance between the first rail-like holding member and the
second rail-like hdlding membér is changed, while the
selective lock mechanism engages with the first nut of the
first rail-like holding member and the second nut of the
second rail-like holding member and then rotates the screw
shaft so that the first rail-like holding member and the

second rail-like holding member are integrally moved in



10

15

20

25

. WO

parallel.

4. A device for conveying and holding a plate-like

‘member 'according to any one of Claims 1 to 3, further

comprising a linear guide mechanism (23, 24, 25), which is
disposed to extend in parallel to the screw shaft in a
direction perpendicular to an axial direction of each of
the rail-like holdihg members and guides parallel movement
of the two rail-like holding members.

5. A device for conveying and holding a plate-like
member according to any one of Claims 1 to 3, wherein the
selective lock mechanism engages with the first nut of the
first rail-like holding member to rotate the screw shaft
and then the fifsf.rail¥iike holding member.and the second
rail-like holding member are integrally moved in parallel
so that, first, the first rail-like holding member is
positioned at a reference position and then the selective
lock mechanism releases the engagement with the first nut

of the first rail-like holding member to allow the first

nut to rotate relatively to the first rail-like holding

mémber and then rotates the.screw shaft so that only the
second rail-like holding member is moved and a position of
the second rail-like holding member relative to the first
rail-like holding member at the reference position 1is
changed to adjust the gap between the first rail-like

holding member and the second rail-like holding member, and
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then, the selective lock mechanism engages with

the first nut of the first rail-like holding member and

-then rota'tes the screw shaft so that the first _rail_.—'l._ikt_a-_

holding member and the second rail-like holding member are
integrally moved in parallel while the adjusted gap is
maintained.

6. A device for conveying and holding a plate-like
member according to any one of Claims 1 to 3, £further
comprising a stopper (32) which is brought into contact
with the plate-like member to position and hold the plate-
like member at the prescribed position when the plate-like
member is conveyed between the first rai;—like holding
member énd the second r'ail.—like holdihg memi;er by the
conveying member.

7. A component mounting apparatus equipped with a
device for conveying and holding a plate-like member,
wherein the plate-like member is a board onto which
components are to be mounted, two of the devices for
conveying and holding a plate-like member according to any
one' of Claims 1 to 3 are uséd as board conveying/holding
devices for conveying and holding the board in the
component mounting apparatus for mounting the components
onto the board, a component mounting work area {(200) in the
component mounting apparatus, in which the components are

mounted, is divided into a first mounting area (201} and a
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second mounting area (202) along the board conveying

direction, one of the devices for conveying and holding a

' plate-like. member .is = used as a first board

conveying/holding device in the first mounting area and the
other device for conveying/holding a plate-like member is
used as a second board conveying and holding device in the
second mounting area, and each board conveying/holding
device is independently driven in each mounting area.

8. A component mounting apparatus equipped with a
device for conveying and holding a plate-like member
according to Claim 7, wherein a first component mounting
position of the first board conveying/holding device in the
first mountiﬁg area ahd .a second éomponent ﬁounﬁing
position of the second board conveying/holding device in
the second mounting area are disposed in zigzag so as to be
diagonally opposed to each other.

9. A component mounting apparatus equipped with a

device for conveying and holding a plate-like member

- according to Claim 8, wherein a first component feed unit

(8A, 8B) for feeding the components to be mouﬁted onfo the
board at an end edge portion in the first mounting area on
an opposite side of the second mounting area, and a first
component recognition unit (9) is disposed in the vicinity
of the first component feed unit, and

a second component feed unit (18a, 18B) for
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feeding the componénts to be mounted ontoc the board at an
end edge portion in the second mounting area on an opposite
side of the first mpﬁﬁtiné area, and a seCondlcomponent
recognition unit (19) is disposed in the vicinity of the
second component feed unit.

10. A component mounting apparatus equipped with a
device for conveying and holding a plate-like member
according to Claim 9, wherein the first component feed unit,
the first component recognition unit, the second component
feed unit, and the second component recognition unit are
disposed substantially point-symmetrically with respect to
a center of the . whqle component mounting work area
combiniﬁg.the first mouhting area-and.the second mounting
area.

11. A component mounting apparatus equipped with a
device for conveying and holding a plate-like member
according to Claim 9, wherein the first component mounting

position of the first board conveying/holding device in the

first mounting area is determined in consideration to a

distance between the first éomponént feed unit and the
first component recognition unit, while the second
component mounting position of the second board
conveying/holding device in the second mounting area is
determined in consideration to a distance between the

second component feed unit and the second component
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12. A component mounting apparatus equipped with a

recognition unit.

 device for conveying and holding- a plate-like - member

according to Claim 9; wherein the first component feed unit
and the second component feed unit are component feed units
for housing taping components to be mounted onto the board,
which are the components housed and held in a tape.

13. A component mounting device equipped with a
device for conveying and holding a plate~like member
according to Claim 7, wherein the first component mounting
position of the first board conveying/holding device in the
first mounting area and 'the second component. mounting
positioﬁ of-the second board conveying/hoiding dévice in
the second mounting area are disposed in zigzag so as to be
diagonally opposed to each other, a tray-type component
feed unit (8C} in which the components to be mounted onto
the board are housed on a tray, is disposed at a position

other than the first component mounting position in the

first mounting area) and another tray-type component feed

unit (18Cj in.which the components to be mounted onto the
board are housed on a tray, 1is disposed at the second
component mounting position in the second mounting area.

14. A component mounting apparatus equipped with a
device for conveying and holding a plate-like member

according to Claim 7, wherein, when the board is conveyed
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between the first rail-like holding member and the second

rail-like holding member by the conveying member, each

10

15

-board'conveying/hélding device further dbmprises'a stoppér

(32) which is brought into contact with the board and
positions and holds the board in a vicinity of a center of
the whole component mounting work area combining the first
mounting area and the second mounting area.

15. A component mounting apparatus equipped with a
device for conveying/holding a plate-like member according
to Claim 7, wherein, when the first board conveying/holding
device and the second board conveying/holding device are
positioned adjacent to each other in.one-line,_the board
can be conveyed froﬁ.-fhe first board conveying/holdihg
device towards the second board conveying/holding device.
16. A component mounting apparatus equipped with a
device for conveying and holding a plate-like member
according to Claim 7, further comprising a loader (1) for

carrying the board into each board conveying/holding device

" and an unloader (11} for carrying the board out from each

20

25

board conveying/holding device, wherein the first board
conveying/holding device and the second board
conveying/holding device can independently perform
carrying-in of the board from the loader and carrying-out
the board to the unloader, respectively.

17. A method for conveying and holding a plate-like
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member, wherein, when a ball screw shaft {(35) disposed to
extend in a direction perpendicular to a longitudinal
direétién of'a'first rail-like holding member_and,a,secbnd.
rail-like holding member rotates in a plate-like member
conveying/holding device (3, 13) equipped with the first
rail-like holding member {21) and the second rail-like
holding member (22), which can carry in and out and hold a
plate-like member (2), rotation of a nut (27, 48) which is
screw-threaded to the ball screw shaft and attached to each
of the first rail-like holding member and the second rail-

like holding member is regulated so that the first rail-

. like holding member and the second rail-like holding member

are integrally moved in parallel to.cdnvey the'plate—like
member, and

regulation of rotation of the nut of either one
rail-like holding member of the first rail-like holding
member and the second rail-like holding member is released
so that the nut is rotated together with the ball screw

shaft upon rotation of the ball screw shaft, movement of

the one rail-like holding member is regulated and the other

rail-like holding member of the first rail-like holding
member and the second rail-like holding member, of which
rotation of the nut is regulated, is moved during rotation
of the ball screw shaft so that only the other rail-like

holding member is moved in parallel with respect to the one
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rail-like holding member to adjust a gap between the first
rail-like holding member and the second rail-like holding
member. - | | |
18. A method for mounting components, comprising:

5 carrying in a board from a loader to a first
conveying/holding device;

moving the first board conveying/holding device

holding the carried-in board to a side of one component
feed unit;

10 mounting components in the one component feed
unit onto the board held by the first board
‘conveying/holding device;

carrying ouf thé. bbard from the first board
conveying/holding device;

15 carrying the board carried-out £from the first
board conveying/holding device into a second Dboard
conveying/holding device;

moving the second board conveying/holding device
holding the carried-in board to a side of the other

20 compénent feed unit; |

mounting components in the other component feed
unit onto the board held by the second board
conveying/holding device;

carrying out the board from the second board

3 . 3 \
25 conveying/holding device; and

AR o



10

15

20

25

This Sheet Has Been Replaced

o IO

carrying the board carried-out from the second

board conveying/holding device into an unloader.

19. A method for mounting components .according to
Claim 18, wherein the component mounting in the first board
conveying/holding device and the component mounting in the
second board conveying/holding device- are simultaneously
performed.

20. A method for mounting components according to
Claim 18, wherein, while the one component feed unit and
the other component feed unit are opposed to each other,
the components are mounted on a half area of the board on a
side of the one - component - feed unit in the first board
conVeying/holdin§ device and the components are.mounfed on
a half area of the board on a side of the other component
feed unit in the second board conveying/holding device.

21. A method for mounting components according to
Claim 18, wherein the board conveyance from the loader to
the first Dboard conveying/holding device, the board
conveyance from the first board conveylng/holdlng device to
the second board conveylng/holdlng dev1ce, and the board
conveyance from the second board conveying/holding device
to the unloader are simultaneously performed.

22. A work device for a plate-like member,
comprising:

a first plate-like member conveying/holding

R O )
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device (3) which can carry in and out a plate-like member
{2) at a plate-like member conveying position and hold the
carried-in platé-like meﬁbef; o

a second plate-like member conveying/holding
device (13) which can be adjacent to the first plate-like
member conveying/holding device at the plate—like member
conveying position, carry in the plate-like member (2} via
the first plate-like member conveying/holding device, hold
the carried-in plate-like member, and carry out the held
plate—like member at the plate-like member conveying
position;

a first moving device (35,:27, 40, 48, 70) for
ﬁoving the first plate—like-membéf éonvéying/hblding deviée
in a direction crossing the plate-like member conveying
direction between the plate-like member conveying position
and a first work position at which a prescribed work is
performed for the plate-like member held by the first
plate-like member conveying/holding device; and

a second moving device (35, 27, 40, 48, 70) for
moﬁing the seéoﬁd plate-like member coﬁveying/holding
device in a direction crossing the plate-like member
conveying direction between the plate-~like member conveying
position and a second work position at which a prescribed
work is performed for the plate-like member held by the

second plate-like member conveying/holding device.

A
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23. A work device for a plate-like member according

to Claim 22, wherein a work area of the work device is

- divided into two, a first work area (201) and a secoﬁd:work

area (202), assuming the plate-like member conveying
direction at the plate-like member conveying position as a
border, and

during a work for the plate-like member, the
first moving device moves the first plate-like member
conveying/holding device to the first work position in the
first work area in which the prescribed work is performed
for the plate-like member held by the first plate-like
member conyeying/holding device, while the second moving
éevicé-ﬁoves"the seéond plate—iike member cbnveying/holding
device to the second work position in the second work area
in which the prescribed work is performed for the plate-
like member held by the second plate-like member
conveying/holding device.
24. A work device for a plate-like member according
to Claim 22 or 23, wherein. the plate-like member is a board
onto which compoﬁents are to be mounted, the work device'
for performing the work for the plate-like member is a
component mounting apparatus for mounting the components
onto the board and the first and second plate-like member

conveying/holding devices are first and second board

R O D

conveying/holding device; and
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a component mounting work area (200} in the
component mounting apparatus, in which the components are
mounted, is divided into'é first mounting area (201) and a
second mounting afea (202) along a board conveying
direction, the first board conveying/holding device can be
moved to a first component mounting position as the first
work position in the first mounting area by the first
moving device, while the second board conveying/holding
device can be moved to a second component mounting position
as the second work position in the second mounting area by
the second moving device, and the components are
independently mounted onto a board held by each board
cénveying/holding device in éach.mountinq area.

25. A work device for a plate-like member according
to Claim 24, wherein a first component feed unit (8A, 8B)
for feeding the components to be mounted onto the board is
disposed at an end edge portion in the first mounting area
on an opposite side of the second mounting area, a first

component recognition unit (9) is disposed in a vicinity of

the first component feed unit, and R A T

the work device further comprises:
a working head ({4) which can move in the first
mounting area, holds the components. from the first
component feed unit, and mounts the components onto the

board held by the first board conveying/holding device
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positioned at the first component mounting position after

the components are recognized by the first component
recogniﬁion.unit, and _' | | |

a second component feed unit (18a, 18B) for
feeding the components to be mounted onto the board is
disposed at an end edge portion in the second mounting area
on an opposite side of the first mounting area, a second
component recognition unit (19) is disposed in a vicinity
of the second component feed unit, and the work device

further comprises a working head (14) which can move in the

second mounting area, holds the components from the second

component feed unit, and mounts the components onto the

15
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board héld.‘by the second board donveying/holding device
positioned at the second component mounting position after
the components are recognized by the second component
recognition unit.
26. A work method for a plate-like member,
comprising:

while a first plate-like member conveying/holding
device (3) which can cairy in and ouf and héld a piéte-like
member (2), and a second plate-~like member
conveying/holding device (13) which can carry in and out
and hold a plate-like member (2}, are positioned adjacent
to each other at a plate-like member conveying position,

carrying the plate-like member into the first plate-like

TR 00 I
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member conveying/holding device, carrying in the carried-in
plate-like member and holding the carried-in plate-like
member by the second plate-like member convéyiné/holding-
device via the first plate-like member conveying/holding
device, and carrying in a subsequent plate-like member and
holding the subsequent plate-like member by the first
plate-like member conveying/holding device;

moving the first plate-like member
conveying/holding device from the plate-like member
conveying position to a first work position in a direction

crossing a plate-like member conveying direction, and

. moving the second plate-like member conveying/holding

device from the plate—like menber conveying positioh to a
second work position in a direction crossing the plate-like
member conveying direction;

performing a prescribed work for the plate-like
member held by the first plate-like member
conveying/holding device at the first work position, and
performing a prescribed work for the plate-like member held
by the sécdnd plate—like member convéying/holding device‘at
the second work position;

moving the first plate-like member
conveying/holding device from the first work position to
the plate-like member conveying position in a . .direction

crossing to the plate-like member conveying direction,

_—
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while moving the second plate-like member conveying/holding

device from the second work position to the plate-like

member conveying position in a.direction crossing té the

plate-like member conveying direction; and

while the first plate-like menber
conveying/holding device and the second plate-like member
conveying/holding device are positioned adjacent to each
other at the plate-like member conveying position, carrying
out the plate-like member held by the second plate-like
member conveying/holding device from the second plate-like

member conveying/holding device, and carrying out the

‘plate-like member held by the first plate-like member

conveying/holding device from thé.first pléte—like member
conveying/holding device to the second plate-like member
conveying/holding device.

27. A work method for a plate-like member according
to Claim 26, wherein, when a work area of the work device

is divided into two, a first work area (201) and a second

work area {202) assuming the plate-like member conveying

direction aﬁ the plate-like member con&eying position as a
border and the plate-like member conveying/holding devices
are moved to the work positions;

the first plate-like member conveying/holding
device is moved to the first work position in the first

work area, in which the prescribed work is performed for

‘TR R Y
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the plate-like member held by the first plate-like member

conveying/holding device, while the second plate-like
member conVeyiné/holding'device is moved to the se_.cond'work-_ |
position in the second work area, in which the prescribed
work is performed for the plate-like member held by the
second plate-like member conveying/holding device.

28. A work method for a plate-like membef according
to Claim 26 or 27, wherein, when the plate-like member is a
board onto which components are to be mounted, the work
device for performing the work for the plate-~like member is
a component mounting apparatus for mounting the components

onto the board, the first and second plate-like member

convéying/holding devices are first and second board

conveying/holding devices, and a component mounting work
area {200) in the component mounting apparatus, in which
components are mounted 1s divided into a first mounting
area {201) and a second mounting area (202) along a board
conveying direction;

the first board conveying/holding device can be
moved to .a. first component mountin§ position as the first
work position in the first mounting area, while the second
board conveying/holding device can be moved to a second
component mounting position as the second work position in
the second mounting area by the second moving device, and

components are independently mounted ontc a board held by
o

L
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each board conveying/holding device in each mounting area.

i

29. A work method for a plate-like member according
to Claim 28, wheréin; in the first mounting area, thé
components are held by a working head (4) from a first
component feed unit (8A, 8B) installed at an end edge
portion on an opposite side of the second mounting area in
the first mounting area during the prescribed work, and,
after the components held by the working head are
recognized by a first component recognition unit (9)
disposed in a vicinity of the first component feed unit,
the components held by the working head are mounted onto
the first board cqnveying/holding device positioned -at the
first component mouhting pésitioﬁ,-

while independently from the above component
holding, component recognition, and component mounting, in
the second mounting area, the components are held by a
working head (14} from a second component feed unit (18A,
18B) installed at an end edge portion on an opposite side
of the second mounting area in the second mounting area,
and, afﬁer the coﬁponents held by the working'-head. are.
recognized by second component recognition unit (19)
disposed in a vicinity of the second component feed unit,
the components held by the working head are mounted onto

the second board conveying/holding device positioned at the

second component mounting position.

AR



