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SPECIFICATION

Processing Apparatus and Method

Technical Field

The present invention relates to a processing apparatus and method for coating,
mounting, machining, cutting, drilling, etc. (will be generically referred to as
"processing” hereunder wherever appropriate) of a workpiece being moved on a

conveyance line for the purposes of bonding, protection, filling, electrical

continuity, etc.

Background Art

The processing apparatuses of the above types include, for example, an

apparatus for applying a liquid material to a desired spot on a workpiece (will be
eferred to simply as "work" hereunder) being moved on a conveyance line or

moving the liquid material applied to such a desired spot owing to its fluidity to
provide a desired state, such as.an apparatus for applying a liquid resin as an |
underfill material or filler, 2 mounting apparatus for mounting an electronic part on
a substrate, an apparatus for driliing a work with a drill, machining a work, cutting
a work with a saw or otherwise processing a work.

More particularly, in the assembling process, for example, included in a series
of semiconductor producing processes, a liquid material is discharged from a
nozzle to a desired spot on a work for bonding, protection, filling, electrical
continuity or the like of the work. In a typical manner, the liquid material is
discharged from the nozzle to a predetermined spot on the work and then let to run

down owing fo its fluidity. In filling an underfill material such as a liquid material,
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for example, in the process of semiconductor production, the underfill material is
let to flow down into a clearance between a semiconductor mounted on a substrate
and the substrate, which is the "underfill" operation, and then it is hardened there
for renforcing the semiconductor. That is, in this process, the underfill material
applied from a nozzle first to one side of the semiconductor mounted on the
substrate flows into, and fills, the clearance between the semiconductor and
substrate. Then, the work 1s placed in an oven or the like to heat the underfill
material filled in the clearance. The underfill material is thus hardened to
reinforce the semiconductor.

In another typical manner in the semiconductor producing processes, a
semiconductor mounted on a substrate is entirely covered with a liquid resin for
protection of the semiconductor, which is the so-called "application by sealing”.

In such a coating process, the liquid resin applied from above to the semiconductor
mounted on the substrate by the use of a nozzle will flow over the outer surface of
the semiconductor and cover the semiconductor as a whole. Thereafter, the work
is placed in an oven to heat the liquid resin similarly to the ﬁuderﬁ}l material. The
resin is thus hardened to seal the semiconductor as a whole.

Also in other than the sermiconductor production, a resin material is applied,
by pouring, to a part having a concavity to fill the concavity. In various industrial
fields, a liquid material is applied from a nozzle to a desired spot on a work having
a concavity and then let to run down into the concavity owing to its fluidity.

In this type of application, the liquid material should preferably be et to run
down nto the concavity in a work in a reduced time to attain an improved
production efficiency. For example, in case a work is to be applied with a liguid

resin material of which the fluidity varies depending upon the temperature, it is
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heated to a desired temperature for mcreasing the fluidity of the resin material.

A typical one of such conventional application apparatuses is schematically
illustrated in FIG 10.

As shown in FIG 10, the application apparatus, generally indicated with a
reference numeral 100, ncludes a applying section 102, a loading section 104 that
moves a supply magazine 110 containing a plurality of works to one side of the
applying section 102, takes one of the works A out of the supply magazine 110 and
puts the work A onto a work conveyance line 112 of the applying section 102, and
an unloading section 106 that picks up the work A having been applied in the
applying section 102 from on the other side of the latter and puts it into a take-up
magazine 114.

The supply magazme 110 contains the plurality of works A in such a manner
that one of them can be taken out and conveyed more easily. It is constructed as
shown in FIG 9, for example. A work A to be applied is taken out of the supply
magazine 110 and applied by an application head B inciuding a liquid discharging
nozzle etc. in a processing position P in the middle of the work conveyance line 112.
The work A having thus been applied is taken up and housed into the take-up
magazine 114.

Namely, in the liquid appﬁcation apparatus 100 shown in FIG. 10, the work A
taken out of the supply magazine 110 of the loading section 104 is moved to the
processing position P provided nearly in the middle of the work conveyance line
112, applied in a predetermined manner, then moved in one direction on the work
conveyance line 112, and taken up and housed in the\take-up magazine 114 of the

unloading section 106.

The work A carried on the work conveyance line 112 from the loading section
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104 toward the processing position P is stopped to stay in a before-processing wait
position Q before arriving at the processing position P. It will take time in case a
next to-be-applied work A is to be supplied from the supply magazine 110 to the
processing position P after a preceding work A having been applied in the
processing position P is carried in the unloading section 106. By having the next
to-be-applied work A stay in the before-processing wait position Q while the
preceding work A 1s being applied in the processing position P ag above, 1t is
possible to carry the next work A to the processing position P in a reduced time.

The work A carried on the conveyance line 112 from the processing position P
toward the unloading section 106 is stopped to stay in an after-processing wait
position R for a while before arriving at the unloading section 106. Namely, in
case a work A having been applied in the processing position P is to be housed
directly in the take-up magazine 114 of the unloading section 106, it will take time
for the work A to leave the processing position P By having the applied work A
move to the after-processing wait position R and stay there as above, it is possible
to let the work A having been applied in the processing position P leave this
position P in a reduced time.

Especially in case a liquid material is applied to a work and then let to flow
down in a concavity in the work owing to its flnidity to have a desired state of
application, the fluidity is increased by adjusting the temperature of the liquid
material to reduce the working time or the temperature of the liquid material is
adjusted with a higher accuracy by adjusting the temperature of 2 work to which
the liquid material is to be applied. For example, a heater is put into touch with
the work A from below 1n the processing position P to adjust the work temperature

(main temperature adjustment). Otherwise, the heater 1s put into touch with the
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work A from below also in the before-processing wait position Q (temperature
adjustment before processing), and then in the processing position P (main
temperature adjustment). The manner of work temperature adjustment before
processing makes it upnecessary to wait until the work A in the processing position
P reaches a desired temperature, which leads to a reduction of the production time.,

Also, by adjusung the work temperature with the heater being put in touch
with the work A from below 1n the after-processing wait position R as well
(temperature adjustment after processing), the work A can be carried out from the
processing position P without having to wait until the applied liquid material
completely spreads into a desired shape, which also leads to a reduction of the time
up to start of the coating of a next work A.

In addition to the aforementioned liquid-material application apparatus, there
has been proposed an apparatus for sealing a semiconductor with a resin as
disclosed in the Japanese Published Unexamined Patent Appiication No. 2003-
133345, In aprocessing position in this semiconductor resin-sealing apparatus,
there is made no application but a transfer molding in which a work is formed by
pressing a moid filled with a resin to the work from either side of the latter.
However, this apparatus is basically similar to the aforementioned liquid
application apparatus in that a work (wiring board) 1s taken out of 2 magazine,
moved on a conveyance line, formed and then housed into the magazine.

1t should be noted that in the conventional processing apparatus such as the
liquid application apparatus, resin-sealing apparatus or the like, it 1s necessary to
move a work A having been applied or sealed in the processing position P from this
position P to the after-processing wait position R before a next to-be-applied or -

sealed work A staying in the before-processing wait position Q is moved to the
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processing position P for applying or sealing. Further in such an apparatus, the
work ﬁaving been moved to the processing position P has to be positioned and

ed against misalignment during processing. Therefore, transition from
completion of processing of one work to start of processing of a next work takes
time. That is, the production rate cannot be improved.

-Also, since the work processed as above is finally a product and should be
handled carefullv against breakage, excessive reduction of the moving time will be
rather a problem to reliability assurance of the final product.

Also, for a conveyance rate as high as possible, the before-processing wait
position Q and after-processing wait position R shouid be provided on the work
conveyance line in addition to the processing position P.  Thus, the entire
processing apparatus will be larger in size since such positions lead to requirement
of a correspondingly wider space.

Further, since the loading and unloading sections have to be provided at one
and other ends, respectively, of the ﬁroc:essing apparatus, so the entire processing
system including the processing apparatus is larger in size.

Moreover, in case it is necessary to adjust the temperature of works, a
temperature controller or heater has to be provided in each of the before-processing

wait position Q, processing posttion P and after-processing wait position R.  Thus,

.the power consumption of the processing apparatus is larger, and heat will stay

inside the apparatus to have adverse mfluence on the mechanical parts and
electronic parts that drive the apparatus.
Embodiments of the present invention overcome the above-mentioned drawbacks of the

related art by providing a processing apparatus and method improved in production

rate, the apparatus being reducible in size.
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Disclosure of the invention

e mventors of the present mvention devoted themsslves to the research and
development for implementanon of the above processing apparatus and method. As
a result, the invemors found that with a plurality of work convevance lines being
provided for processing works on the phurality of convevance lines sequentially. a
work can be carmied into place on one of the work convevance hines while 2
preceding WOtk 15 being processe:& in the processing posinon on the other work
conveyance line so that immediately after the preceding work is processed on the
other work convevance line. the work on the one work conveyance line can start
being processed.  The mventors completed the present invention as will be

described beiow:
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According to a first aspect, there is provided a work processing apparatus
comprising: a plurality of work conveyance lines on which works are to be moved; a
stopping device for stopping a work in a predetermined processing position on each of
the work conveyance lines; a processing device for making a desired process on the
work stopped by the stopping device; and a moving device for moving the processing
device between the work conveyance lines, characterized in that the processing device
includes an applicator having a nozzle that discharges a liquid material, the work
processing apparatus further comprises a temperature adjusting device provided at the
predetermined processing position on each of the work conveyance lines and
configured to adjust the temperature of at least a processed work stopping in the
processing position out of a yet-to-process work stopping in the processing position
and a processed work stopping in the processing position for increasing a fluidity of
the liquid material applied from the nozzle to the work stopping in the processing
position, and the work processing apparatus further comprises a controller configured
to control the apparatus so as to make the processed work stay in the work processing
position undergoing the temperature adjustment for a certain time so that the liquid
material applied from the nozzle to the work stopping in the processing position flows

to have a desired state.

In the above work processing apparatus, there may be provided a conwoller

that controis the apparatus so that before a-work baving been processed on one of

the work conveyance lines is compietely carried out from the processing position, a
pext to-be-processed work is carried ir, and stopped in, the processing position on
the other work conveyance line.

tn the above work processing apparatus, there may also be provided a

_controlier fhat controls the apparatus so that before a work stopped in the
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~ processing position on one of the work conveyance lines is completely processed, a

next to-be-processed work is carried i, and stopped in, the processing -posi.tioﬁ on
the other work conveyance line.

Also in the above work processing apparatus, there may be provided a
controller that controls the apparatus so that when a work stopped in the processing
position on one of the work conveyance lines starts being processed, other work
completely processed on the other work conveyance line where the preceding
process was done has been stopped in the processing position.

Also in the work processing apparatus according to an embodiment of the present invention,
there may be provided at one end of the work conveyance lines a magazine holding
device for holding magazines each capable of housing a plurality of works, and a
work take-out device configured to take out works from the magazine held by the
magazine holding device and supply them to all the work conveyance lines.

Also in the work processing apparatus according to an embodiment of the present invention,
there may be provided at one end of the work convevance lines a magazine holding
device for holding magazines each capable of housing a plurality of works, and a
work take-up device configured to pick up works from on all the work conveyance
lines and house them into the magazine held Ey the magazine holding device.

Also in the work processing apparatus according to an embodiment of the present invention,
there may be provided at one end of the work conveyance lines a magazine holding
device for holding magazines each capable of housing a plurality of works, a work

take-out device configured to take ouf works from the magazine held by the

. magazine holding device and supply them to all the work conveyance lines, and &

work take-up device configured to pick up works from on all the work convevance

lines and house thern into the magazine held by the magazine hoiding device.
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Also in the work processing apparatus according to an embodiment of the present invention,
there may be provided at both end of the work conveyance lines magazine holding
devices for holding magazines each capable of housing a plurality of works, 2 work
take-out device configured to take out works from the magazine held by the
magazine holding device and supply them to all the work conveyance lines, and a
work take-up device configured to pick up works from on all the work conveyance
lines and house them mto the magazine held by the magazine holding device.

In the above work processing apparatus, the work take-out device or work
take-up device may be provided for each of the work conveyance lines and the
magazine holding device be adapted to be so movable that works are taken out by
the work take-out device corresponding to each work conveyance line from the
magazine held by the magazine holding device or works are picked up by the work
take-up device corresponding to each work conveyance line.

Also in the above work processing apparatlzs, there may be provided a
controller to control the apparatus in such a manner that works are sequentially
taken out from the magazine held by the magazine holding devices and supplied to
the respective work conveyance lines, and works are picked up and housed into the
magazine in the same seqﬁence as that in which the works have been supplied to
the respective work conveyance lines.

. In the above processing apparatus, there may be provided a controller to
control the apparatus in such & manner that after a work is picked up from on one of
the work conveyance lines and housed into the magazine held by the magazine
holding device and before & work is taken out and supplied to the other work
conveyance line and picked up from on the latter, a work is taken out to the work

conveyance line from the magazine having housed the picked-up work.
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Also in the work processing apparatus éccording to an embodiment of the present invention,
there may be provided a controller to control temperature adjustment by the
temperature adjusting device.

Also in the work processing apparatus accordilng to an embodiment of the present invention, the
process may desirably be an application in which the liquid material is applied from
the nozzle to a desired spot on a work and let to flow owing to its fluidity to have a
desired state of application.

Also the work processing apparatus according to an embodiment of the present invention may be
configured so that a work stopping in the processing position is yroceésed and then
let to stay there until the liguid material applied to the Woﬂ{ starts flowing and has a
desired state, and then carried out from the processing position.

Disclosed herein is a
work processing method of making, in 2 processing apparatus having a phurality of
work conveyance lines, a process on a work carried in, and stopped in, 2 processing
position provided in place on each work conveyance line and carrying it out,
wherein the process is application in which & liquid material i¢ discharged from a
nozzle, and the process is sequentially made by the same processing device on each
work conveyance line and, before 2 work completely processed on one of the work
conveyance lines is completely carried out from the processing position, other work
is carried in, and stopped in, a processing position on the other work conveyance
line where 2 next process is to be processed, and further at least one of 2 yet-to-
process work stopping the processing position and a processed work stopping in the

processing position is subjected to temperature adjustment.
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According to a second aspect, there is provided a work processing method of
making, in a processing apparatus having a plurality of work conveyance lines, a
process on a work carried in, and stopped in, a processing position provided in place
on each work conveyance line and carrying it out, characterized in that: the process is
application in which a liquid material is discharged from a nozzle, and the process is
sequentially made by the same processing device on each work conveyance line and,
before a work completely processed on one of the work conveyance lines is
completely carried out from the processing position, other work is carried in, and
stopped in, a processing position on the other work conveyance line where a next
process is to be processed, further, at least a processed work stopping in the
processing position of a work conveyance line out of a yet-to-process work stopping
in the processing position of said work conveyance line and a processed work
stopping in the processing position of said work conveyance line is subjected to
temperature adjustment for increasing a fluidity of the liquid material applied from the
nozzle to the work stopping in the processing position, and said processed work is
stayed in the work processing position undergoing the temperature adjustment for a
certain time so that the liquid material applied from the nozzle to the work stopping in

the processing position flows to have a desired state.
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The above work processing method may be adapted so that before a work
stopped in the processing position on one of the work conveyance lines is
completely processed, a next another work 1s carried in, and stopped 1n, the
processing position on the other work conveyance line on which a next work is to
be processed.

Also the above work processing method may be adapted so that when a work
stopped in the processing position on one of the work conveyance lines starts being
processed, a preceding work completely processed in the processing position on the
other work conveyance line 1s stopped in the processing position. |

Also the above work processing method may be adapted so that works are
sequentially taken out from a magazine housing a plurality of works to the
respective work conveyance lines, and the works are picked up from on the
respective work conveyance lines and housed into the magazine in the same
sequence as that in which the works have been taken out.

Also the above work processing method may be adapted so that the work 1s
carried out from a side from which it was carried in and it 1s housed mnto the
magazine from which it was taken out.

Also the above work processing method may be adapted so that after a work
is picked up from on one of the work convevance lines and housed mnto the
magazine and before another work is taken out to the other work conveyance line
and housed, a new work is taken out to the work conveyance line from the

magazine having housed that taken-up work.
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Also the work processing method according an embodiment of to the present invention may be

adapted so that the process is application in which a liquid material is applied from
a nozzle to a desired spot on a work and flows owing to its fluidity to have a
desired state of application, and the work stopping in the processing position is
processed and then let to stay there until the Hiquid material applied to the work
starts flowing and has a desired state, and then carried out from the processing
position. |

Further the process method according to an embodiment of the present invention may be
adapted so that for making, in a work processing apparatus having a plurality of
work conveyance lines, a process on a work in a processing position provided in
place on each of the work conveyance lines, a work completely processed on one of
the work conveyance lines is carried out from the processing position, and a new
to-be-processed work is carried in to the processmg position, after the process on
said one work conveyance line is complete and before the process on a work on
said one work conveyance line is staried agam after completion of the process on
works on all the other work conveyance lines. |

For example, in case the processing apparatus has four work conveyance lines
(Nos. 1, 2, 3 and 4), works are processed on the work conveyance lines Nos. 1,2, 3,
4.1, ...inthis order. Namely, the sequence of processes is such that a work is

processed on the conveyance line No. 1, then works are processed on all the

- conveyance line Nos. 2, 3 and 4, the processed work 1s carried out from the

conveyance line No. 1, and then a new work 1s cammied in to the conveyance line No.

L

According to embodiments of the present invention, a work can completely be carried in to the
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other work conveyance line before a work processed on one of the work
conveyance lines 1s completely carried out from the processing position, so that the
time from completion of a process until a next process can be reduced.

Also, since the apparatus 1s adapted so that the processing device can be
moved between the work conveyance lines, the processing may not be provided for

each of the work conveyance lines, which leads to a size reduction of the

processing apparatus.

Brief Description of the Drawings

FIG 1 1s a front view of an example of the liquid application apparatus as the
processing apparatus according to the present invention.

FIG. 2 1s a plan view of the liquid application apparatus in FIG. 1.

FIG. 3 is a side elevation of the liquid application apparatus in FIG. 1.

FIG. 4 schematically illustrates a work conveyance rail using an endless belt.

FIGs. 5(a) to 5(f) explain operations of the liquid application apparatus.

FIGs. 6(a) to 6(g) explain operations of the liquid application apparatus.

F1G 7 1s a front view of another example of the liguid application apparatus as
the processing apparatus according to the present invention.

FI1G. 8 is a plan view of the liguid application apparatus in FIG 7.

FIG. 9 schematically illustrates a magazine that houses works.

FIG 10 schematically illustrates a conventional processing apparatus.

Best Mode for Carrying Out the Invention

The present invention will be described in detail hereunder concerning various

emboduments thereof with reference to the accompanying drawings.



h

n

o

]
n

14

FIGs. 1 to 4 show an example of the liquid application apparatus as the
processing apparatus according to the present invention.

Note that in the drawings, the direction in which the work conveyance rails
extend longitudinally is taken as "X-direction", the direction in which the work
conveyance rails extend laterally is taken as "Y-direction" and the direction
perpendicular to the X- and Y-directions is taken as "Z-direction”.

In the drawings, the liquid application apparatus is generally indicated with a
reference numeral 10. The liquid application apparatus 10 includes a processing
section 12 in which a work A is to be applied and a loading/unloading section 14
that feeds a magazine 16 housing works A to the processing section 12 and takes
that magazine 16 away from the processing section 12. The processing section 12
and loading/unloading section 14 are disposed side by side mn the X-direction.

The loading/unioading section 14 mncludes a main body as abase. As shown
in FIG. 3, the main body of the loading/unloading section 14 has provided on the
top rear portion thereof a magazine conveyance rail set 22 and magazine holding
stage 24. The magazine conveyance rail set 22 are to feed a magazine 16 that
houses a work A going to be processed to the liquid application apparams 10. The
conveyance rail set 22 includes Y-directionally extending rails and a belt (not
shown) put on the rails in the same direction of the rails. As the belt is rotated by
a driving unit (not shown), the magazine 16 1s moved from rear to front on the
magazine conveyance rail set 22. The magazine holding stage 24 is located above
the magazine conveyance rail set 22. A magazine 16 in which a processed work A
has been housed is placed on the magazine holding stage 24.

As on the top front portion of the loading/unloading section 14, there is

provided a magazine clamper 30 having a pair of claws, upper and lower, and
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capable of holding a magazine 16 with the claws being applied to the magazine 16
from above and below as shown in FIGs. 2 and 3. The magazine clamper 30 is
movable by a magazine clamper elevator 34 in the Z-direction, and the magazine
clamper elevator 34 is movable in the Y-direction by a magazine clamper Y-
directionally moving unit 32. That is, the magazine clamper 30 1s freely movable
in the Y-Z plane by the magazine clamper elevator 34 and magazine clamper Y-
directionally moving unit 32. Therefore, a magazine 16 is movable, while being
held by the pair of claws of the magazine clamper 30, to a desired position in the ¥~
Z plane by the magazine clamper Y-directionally moving unit 34 and magazine
clamper elevator 32.

The processing section 12 has a main body 40 as a base m which a first work
conveyance rail set 42 including two X-directionally extending rails separate a’
predetermined distance from each other and a second work conveyance rail set 44
also including two X-directionally extending rails separated a predetermined
distance from each other. These first and second work conveyance rail sets 42 and
44 are separated from each other in the Y-direction, and each of them forms a work
conveyance line,

In this embodiment, the two work conveyance lines are formed from the first
and second work conveyance rail sets, respectively, each including a pair of rails.
It should be noted however that a single work conveyance rail set may be formed
from a single rail and the two work conveyance line be formed from two such work
conveyance rails, respectively. Otherwise, "one work conveyance line" may be
formed from a means or track capable of moving one work without using the rails.

As schematically illustrated in FIG. 4, each of the work conveyance rail sets

42 and 44 has a roller 47 provided at either end of the rail (only one end is shown in
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FIG 4). As shown, the roller 47 is fixed to the inner side of one rail opposite to
the inner side of the other rail.  An endless belt 46 1s eitended between the rollers
47 at opposite ends of the rail. A work A 15 placed on the two endless belts 46.
The rollers 47 and endless belts 46 are rotated by a driving unit (not shown)
connected to the rollers 47. The work A is thus moved in the X-direction on the
work conveyance rails.

Note that since this embodiment 1s so arranged that only one work is moved at
a time on one work convevance line, one work conveyance line includes the
endless belts in pair with one driving unit.  More than one driving unit and more
than one pair of endless belts may be used for one work conveyance line as
necessary.

At the end of the loading/unloading section 14 for each of the first and second
work conveyance rail sets 42 and 44, there are provided first and second work
clampers 48 and 50 for holding, fixing and moving a work A.

Each of the work clampers 48 and 50 includes claws to clamp and hold a work
A and a member (not shown) to move the claws in the X-direction. Because of
such a construction of the work clampers, each of the work clampers 48 and 50 can
take a work A out of a magazine 16 positioned at the end of each of the work
conveyance rail sets 42 and 44 and places it on the work conveyance rail set
(42/44) in the vicinity of the end of the loading/unloading section. Further, the
work clamper (48/50) can pick up the work A on the work conveyance rail set
(42/44) 1 the vicinity of the end of the loading/unloading section into the magazine
16 positioned at the end of the work conveyance rail set (42/44). This
embodiment is so arranged that a single work clamper (48/50) takes out a work A

and houses the work A into the magazine 16.



wn

10

17

Nearly at the middle of the work conveyance rail set (42/44), there is provided
a processing position (indicated as a dashed-line block) where a work A is to be
processed (applied). When a work A arrives at the processing position, the driving
unit for each work conveyance rail set (42/44) and the endless belts 46 serve also as
stopping device by turning off the driving unit to stop the endiess belts 46 from
rotating. Also, a work fixing member (not shown) is provided in the processing
position. When a work A having been carried on each work conveyance rail set
(42/44) is stopped in the processing pésition, the work fixing member fixes and
holds the work A in the processing position against misalignment in all the X-, Y-
and Z-directions.

Also, first and second heaters 52 and 54 (which are to adjust the work
temperature) are provided below the work conveyance rail sets 42 and 44 and in
positions corresponding to the processing positions. The heaters 52 and 54 are
provided on elevators 53 and 53, respectively. When a work A is fixed and held 1n
the processing position, the heater 52 or 35 is elevated into touch with the bottom
of the work A to heat the work A to a desired temperature.

In an upper portion of the processing section 12, there are provided an
application head 70 having fixed and held thereon a part of the applicator for
processing the work A, and a mechanism to move the application head 70 freely in
the X-, Y- and Z-directions, for example, a three-axis control robot.

The three-axis control robot includes, for example, a Z-directionally moving
unit 62 including a Z-directionally extending arm 63 and which moves the
application head 70 1n the Z-direction along the arm 63, an X-directionally moving
unit 60 including an X-directionally extending arm 61 and which moves the Z-

directionally moving unit 62 in the X-direction along the arm 61, a Y-directionally
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extending guide rail 58, a Y-directionally moving unit 56 that moves the X-
directionally moving unit 60 in the Y-direction on the guide rail 58, and a controller
(not shown) that controls the Z-directional movement of the application head 70,
X-directional movement of the Z-directionally moving unit 62 and Y-directional
movement of the X-directionally moving unit 60 according to a preset coating
program so that an applicator fixed on the application head 70 can discharge a
liquid to a desired spot on a work A.

More specifically, the Z-directionally moving unit 62 inciudes the Z-
directionally extending arm 63, a member to support the application head 70
slidably up and down along the arm 63, and 2 driving unit (not shown) to move the
application head 70. The application head 70 is driven by the driving unit to
move up and down (in the Z direction).

Also, the X-directionally moving unit 60 includes the X-directionally
extending arm 61, a member to support the Z-directionally moving unit 62
horizontally slidably along the arm 61, and a driving unit (not shown) to move the
Z-directionally moving unit 62. The Z-directionally moving unit 62 is driven by
the driving unit to move horizontally (in the X-direction).

Further, the Y-directionally moving unit 56 includes a member (not shown) to
support the X-directionally moving unit 60 slidably in the Y-direction in relation to
the Y-directionally extending guide rail 58 and a driving unit (not shown) to move
the X-directionally moving unit 60. The X-directionally moving unit 60 is driven
by the driving device to move in the Y-direction.

The guide rail 58 is provided on an arch 80 provided at one end, on the side of
the loading/unloading section 14, of the processing-section main body 40 and

across the work conveyance lines 42 and 44. The Y-directionally moving unit 56
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1s provided on an arch 81 provided at the other end, opposite to the
loading/unloading section 14, of the processing-section main body 40 and also
across the work conveyance lines 42 and 44. The X-directionally moving unit 60
is moved over the work conveyvance line 42 by the Y-directionally moving unit 36
and guide rail 58.

More particularly, one end of the X-directionally moving unit 60 is on the Y-
directionally moving unit 56. The Y-directionally moving unit 56 is driven to
move the X-directionally moving unit 60 in the Y-direction. Also, the X-
directionally moving unit 60 has the other end thereof positioned on the guide rail
58 and thus slidable in the Y-direction. That is to say, as the Y-directionally
moving unit 36 is driven to move the one end of the X-directionally moving unit 60
in the Y-direction, the X-directionally moving unit 60 will has the other end slid on
the guide rail 58, so that it moves in the Y-direction without being misaligned.

Namely, the application head 70 can be moved to a desired position in the X- |
Y- and Z-directions by operating the Y-, X~ and Z-directionally moving units 56, 60
and 62.

Note that the X-, Y and Z-directionally moving units 60, 56 and 62 may
include, for example, a ball screw or linear motor.  Also, the X-directionally
moviﬁg unit 60 may be moved by two Y-directionally moving units including
another Y-directionally moving unit instead of the guide rail 58. The second Y-
directionally moving unit may include a ball screw or linear motor similarly to the
Y-directionally moving unit 56. Also, the second Y-directionally moving unit may
be controlled mndependently of the Y-directionally moving unit 56. In this case,
the X-directionally moving unit 60 may also be inclined and the moving direction

of the Z-directionally moving unit 62 be changed.
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In this embodiment, the application head 70 has attached thereto a holder 72
which holds a syringe 71 retaining a liquid, a laser displacement sensor 74 and a
camera 76.

The syringe 71 held by the holder 72 has a nozzle 73 at the lower end thereof
and is connected at the upper end thereof to a dispenser via a tube (not shown).

Air under a desired pressure is supplied from the dispenser to the syringe 71
through the tube to discharge the liquid retained in the syringe 71 from the nozzie
73.

Detecting laser light emitted from a laser source and reflected at the surface of
a work A to be processed, the laser displacement sensor 74 measures a distance to
the work A.  Also, the camera 76 is used to image the work A in the processing
position for detecting the status of the work A.

How the liquid application apparatus as an example of the processing
apparatus according to the present invention is used to apply a liquid to a work A
will be explained below with reference to FIGs. 5 and 6.

Basically in this embodiment, a work A is carried in to each work conveyance
rail set (42/44), processed and carried out.  Each of these operations will first be

escribed separately for convenience of explanation.

(1) Carrying in a work

A work A is placed nearly on the end, on the side of the loading/unioading
section 14, of the work conveyance rail set (42/44).  As the belits 46 of the work
conveyance rail set (42/44) is driven, the work A 1s carried on the work conveyance
rail set (42/44) from the end of the loading/unloading section 14 toward the
processing position. When thg work A arrives at the processing position, the belt

46 is stopped and the work A is positioned and fixed by a fixing member (not
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shown).

lIn this work carrying-in operation, the corresponding heater (52/54) 1s
elevated from below the work A into touch with the work bottom to heat the work
A (this heating will be referred to as "pre-heating" hereunder).

(2} Processing the work

The X-, Y- and Z-directionally moving units 60, 56 and 62 are operated to
move the nozzle 73 on the application head 70 to a desired position on the work A
and air is supplied from the liquid application apparatus mto the syringe 71 to
discharge a liquid from the nozzie 73, thereby making a desired application such as
underfill or filling. The application had 70 is moved in the X-, Y or Z-direction as
necessary by driving the X-, Y- and Z-directionally moving units 60, 56 and 62
during the discharging as well. In this operation, it is possible to reflect, on the
application operation, a distance to the surface of the work A, measured by the laser
displacement sensor 74, and a status of the work A analyzed based on a work-A
image captured by the camera 76.

In the work processing operation, the heater (52/54) is in touch with the
bottom of the work bottom to heat the work A for increasing the fluidity of the
liquid-applied work A (this will be referred to as "main heating” hereunder).

(3) Carrving out the work

After the heater (52/54) is lowered to leave the work A, the work A 1s not
fixed any longer in position by the fixing member and then the endless belt 46 of
the work conveyance rail set (42/44) is driven in a direction opposite to the
direction in which the work A is carried in to the processing position, the work A is
moved from the processing position toward the end of the work conveyance rail set

(42/44) which is on the side of the loading/unioading section 14. When the work



10

et
wh

o]
n

b2
[

A arrives at near the end of the work conveyance rail set (42/44), the belt 46 stops
being driven and thus the work is stopped.

In the work carrying-out operation, the work A in the processing position stays
there for a certain time before the heater (52/54) is lowered to leave the work A, the
work A is heated by the heater (52/54) also after the processing operation is made
(this heating will be referred to as "after-heating” hereunder).

Next, how the liguid is applied to the work by the liquid application apparatus
will be explained.

First, the following operations are made as follows to take a work A out of the
magazine 16 containing the works A onto the work conveyance rail set (42/44).

Namely, a magazine 16 containing the work A going to be processed 1s moved
from rear to front on the magazine conveyance rail set 22. The magazine clamper
elevator 34 and magazine clamper Y-directionally moving unit 32 are driven to
position the magazine clamper 30 on the front end portion of the magazine
conveyance rail set 22 and the magazine 16 is clamped and held between the claws
of the magazine clamper 30. Then, the magazine clamper elevator 34 and
magazine clamper Y-directionally moving unit 32 are driven to position the
magazine 16 on the end portion of the work conveyance rail set.

Thereafter, a work A is taken out of the magazine 16 for application. The
application will be explained below with reference to FIGs. 5 and 6 (showing
operations made in steps | to 13).

Step 1:

Tﬁe first work clamper 48 takes out a yet-to-process work (work A) from the

magazine 16 and places it onto the first work conveyance rail set42. See FIG

5(a).
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Step 2:

At the first work conveyance rail set 42, the work A 1s carried into place and
subjected to the pre-heating. The magazine 16 is moved to near the end of the
second work conveyance rail set 44. The magazine 16 is moved by the magazine
clamper elevator 34 and magazine clamper Y-directionally moving unit 32.  See
FIG. 5(b).

Step 3:

At the first work conveyance set 42, the application head 70 is moved onto the
processing position (namely, work A) to process, and make the main heating of, the
work A.  The application head 70 is moved by the X-, Y- and Z-directionally
moving units 60, 56 and 62. |

" At the second work conveyance set 44, the second work clamper 50 takes out
a yet-to-process work (work B) from the magazine 16 and places it onto the second
work conveyance rail set 44.  See FIG 5(c).

Step 4:

At the first work conveyance rail set 42, the work A 1s continuously processed
and subjected to the main heating.

At the second work conveyance rail set 44, the work B 1s carried mto place
and subjected to the pre-heating.

The magazine 16 is moved to near the end of the first work conveyance rail
unit 42.  See FIG 3(d).

Step 5:

At the first work conveyance rail set 42, the work A is subjected to the after-
heating.

At the second work conveyance rail set 44, the application head 70 having
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completed the process at the first work conveyance rail set 42 1s moved onto the
processing position (namely, work B) on the second work conveyance rail set 44 to
process, and make the main heating of, the work B.  See FIG. 5(e).

Step 6:

The work A is carried out from on the first work conveyance rail set 42.

At the second work conveyance rail set 44, the work B is continuously
processed and subjected to the main heatmg. See FIG 5(f).

Step 7:

At the first work conveyance rail set 42, the first work clamper 48 picks up
the work A having been carried out from on the first work conveyance rail set 42
and houses it into the magazine 16.

At the second work conveyance rail set 44, the work B is continuously
processed and subjected to the main heating. See FIG. 6(a).

Step &:

At the first work conveyance rail set 42, a vet-to-process work (work C) 1s
taken out from the magazine 16 by the first work clamper 48 and placed onto the
first work conveyance rail set 42.

At the second work conveyance rail set 44, the work B 1s continuously

processed and subjected to the main heating. See FIG. 6(b).

Step 9:

At the first work conveyance rail set 42, the work C is carried in and subjected
to the pre-heating.

At the second work conveyance rail set 44, the work B is continuously
processed and subjected to the main heating.

The magazine 16 is moved to near the end of the second work conveyance rail
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set 44, See FIG 6(c).

Step 10:

At the first work conveyance rail set 42, the application head 70 having
compieted the process at the second work conveyance rail set 44 1s moved to the
processing position (namely, work C) on the first work conveyance rail set 42 to
process, and make the main heating of, the work C.

At the second work conveyance rail set 44, the work B is subjected to the
after-heating. See FIG. 6(d).

Step 11:

At the first work conveyance rail set 42, the work C is continuously processed
and subjected to the main heating.

At the second work conveyance rail set 44, the work B 1s carried out.  See
FIG 6(e).

Step 12:

At the first work conveyance rail set 42, the work C is continuously processed
subjected to the main heating.

At the second work conveyance rail set 44, the second work clamper 50 picks
up the work B having completely been processed on the second work conveyance
rail set 44 and housed into the magazine 16. See FIG. 6(f).

Step 13:

At the first work conveyance rail set 42, the work processing and main
hearing are continuousiy done.

At the second work conveyance rail set 44, the second work clamper 50 takes
out a yet-to-process work (work D) from the magazine 16 and mounts it onto the

second work conveyance rail set 44. See FIG 6(g).
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After completion of the above operations mn steps 1 to 13, the controller goes
back to step 4 in which it will repeat the above-mentioned operations. It should
be noted that in step 4, the work C is replaced with the work A and work D is with
the work B for effecting the subsequent operations.

When all the works in the magazine 16 are processed as above, the magazine
clamper 30 is driven by the magazine clamper elevator 34 and magazine clamper
Y-directionally moving unit 32 to place the magazine it is holding onto the
magazine holding stage 24. Then, the magazine clamper 30 holds another
magazine 16 on the magazine conveyance rail set 22 and repeats the above
operations.

The magazine 16 placed on the magazine holding stage 24 is taken up by a
worker or robot (not shown) and sent to a processing post on the production line.

To reduce the time for taking out and housing a work by reducing the distance
over which a work is to be moved in this embodiment, a magazine from which a
work is to be taken by the work clamper is positioned by the magazine clamper
elevator for a work going to be taken out from the magazine by the work clamper
to have the bottom thereof set at the same level inside the magazine as the upper
surface of the work conveyance rail set.  Also, a magazine into which a work is to
be housed by the magazine clamper is positioned by the magazine clamper elevator
so that a position inside the magazine where the work is to be housed 1s set at the
same height as the upper surface of the work conveyance rail set.

Through the above operations, a work has already been carried in onto the
second work conveyance rail set 44 when the work is completely processed at the
first work conveyance rail set 42 and the application head 70 is moved onto the

second work conveyance rail set 44, So, the work can readily be processed at the
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second work conveyance rail set 44.

Similarly, a work has already been carried in onto the first work conveyance
rail set 42 when another work is completely processed at the second work
conveyance rail set 44 and the application head 70 is moved onto the second work
conveyance rail set 44.  So, the work can be processed immediately at the first
work conveyance rail set 42. That is, processing of the work having arrived at the
processing position can be started without waiting, which permits to improve the
production efficiency.

In this embodiment, it is necessary that after one work is completely
processed and before another work starts being processed, the application head
should be moved onto the other work conveyance rail. However, this movement
can be done i a rather shorter time than the time after a work 1s completely
processed at one work conveyance rail set and a next work 1s carried in onto this
work conveyance rail set, for the works may not be carried at a high speed because
of being are small, delicate and thus fragile.

Also in the processing apparatus according to this embodiment, a limited
number of processing units are moved between the work conveyance rail sets.  So,
even in case the number of work conveyance rail sets used in the embodiment is
increased, the apparatus as a whole will not be correspondingly larger.

Also since the plurality of work conveyance rail sets is provided in the
apparatus, a work can be let to stay in the processing position both before and afier
processed, which makes it unnecessary to provide any special wait positions before
and after the processing position, respectively. Thus, the efficiency of operation
and the entire apparatus can be designed smaller.

Also, since the plurality of work conveyance rail sets makes it unnecessary to
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provide any wait positions both before and after the processing poéitiom
respectively, the work completely processed can be carried out to the side from
which that work has been carried in. ~ So, the loading/unioading section may be
provided only at one side of the processing section, which makes it possible to
design the apparatus smaller than in case a loader and unloader are provided at the
opposite sides, respectively, of the processing section.

Also the limited number of heaters contributes to reduced power consumption
of the apparatus and less heat staying inside the apparatus. Thus, the influence of
the heat on the other mechanical and electronic parts of the apparatus is smaller,

Also n this embodiment, the heater provided only in each processing position
can make the main heating of a work being processed, pre-heating of a yet-to-
processed work and after-heating of a processed work. In an application in which
a liguid material applied from the nozzle 10 a work flows to have a desired state,
such as underfill filling and sealing, a work can be heated by the pre-heating to
reach a temperature at which the liquid material can easily flow and also a work
can be heated by the after-heating to reach a temperature that will promote the
flowing of the liquid material applied to the work.

FiGs. 7 and 8 show another example of the liquid application apparatus as the
processing apparatus according 1o the present invention.

In this embodiment, a loader 14A and unloader 14B are provided to the left
and right, respectively, of the processing section 12 as shown in FIG. 7 (front view).

In this case, a work A completely processed is carried out of the processing
position to the side of the unloader 14B opposite to the loader 14A. The work A is
housed into the magazine 16 on the unloader 14B by a work clamper 48B or 50B

(take-up unit) provided at the end, on the side of the unloader 14B, of the work
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conveyance rail set 42 or 44,

1t should be noted that the loader 14A and unloader 14B are constructed
similarly to the loading/unioading section 14 in the first embodiment.

The loader 14A has carryv-in work clampers 48A and S0A (take-out unit) any
of which carries a magazine 16 containing yet-to-process works from a magazine
conveyance rail set 224,  The loader 14A has also a magazine holding stage 24A
onto which an empty magazine from which works have been carried out is placed.

The empty magazine is carried on a magazine conveyance rail set 22B to the
unloader 14B. The loader 14B has also a magazine holding stage 24B onto which
a magazine 16 in which processed works have been housed is placed.

In the first embodiment, the magazine clamper 30 of the loading/unloading
section 14 has to hold a magazine 16 from which a last work has been taken out
until the work is completely processed and returns to that magazine. So, the
magazine clamper 30 cannot place the empty magazine 16 on the magazine holding
stage 24 and receive any new magazine 16 in which a yet-to-process work is picked
up from on the magazine conveyance rail set 22.

Thus, no other work can be supplied for a while to the work conveyance rail
set 42 or 44 until the last work completely processed returns to the magazine 16.

In the second embodiment, however, a work taken out of the magazine 16 on
the loader 14A is housed mto another magazine 16 on the unloader 14B.
Immediately after all works have been taken out of the magazine 16 on the loader
14 A, the magazine clamper 30 of the loader 14A can place an empty magazine 16 it
is holding onto the magazine holding stage 24A and hold another magazine having

housed an yet-to-process work picked up from on the magazine conveyance rail set

22A.



i

15

wn

0

20

b2
L

30

Therefore, works can be supplied continuously onto the work conveyance rail
set 42 or 44, which further improves the production rate.

The aforementioned first and second embodiments of the present invention
adopt, as the work conveyance lines, the work conveyance rail sets 42 and 44
having a conveyance mechanism using the belts 46. However, the present
invention is not limited to such work conveyance rail sets but may use a
mechanism 1o move a work holding table by a ball screw in the X-direction or a
mechanism to move a work in the X-direction while clamping a part of the work.,

Heaters are used to adjust the work temperature. However, the present
invention may use a cooler or a combination of a heater and cooler as necessary.

In the aforementioned embodiments, the liquid application apparatus with a
nozzle is used as a processing device. However, the present invention is not
limited to such a liquid application apparatus but may use a device that places a
device on a work, a device that machines and cuts 2 work or the like.

Also, as a take-out unit to move a work from a magazine onto a work
conveyance rail set, there may be used a push-out unit that moves a work onto the
work conveyance rail set by pushing the work at the rear end from a side of the -
magazine opposite to the work conveyance rail set in place of the work clamper.
Also, as the take-up unit, there may be used a push-out unit that moves a work into
a magazine by pushing the work at the rear end.  Also, as the take-out unit and
take-up unit, there may be used a unit that moves a work with claws hooked in
holes or concavities 1n the work.

According to another embodiment of the present invention, there is also
provided a liquid application apparatus that may preferably include an application

head unit with a nozzle which discharges a liquid, a work housing unit to house
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works, and a work conveyance unit provided below the application head to carry a
work supplied from the work housing unit to a position where it is to be applied by
the application head and also carry the work completely applied to the work
housing unit. The application head may preferably include an application head
having the nozzle to discharge the liquid material, a vertically moving unit to move
the application head vertically, a first moving unit having a beam to move the
verticallv moving unit in a first direction in which the beam extends, and a second
moving unit extended in a second direction different from the extending direction
of the beam to move the beam i the second direction. The work conveyance
mechanism may preferably include two or more conveyance lines for conveying
the work.

In the above liquid dispenser, the work housing unit should desirably be
provided at one end of the work conveyance unit.

Also, the liquid dispenser may preferably include a heating/cooling unit
provided below the work conveyance unit in the coating position to heat or cool the
work.

Further, the first direction may desirably be the same as the extending
direction of the work conveyance line.

Note that in the processing apparatus according to the present invention, the
operations of the drive for each member, adjusting units for the heater, dispenser
and the like, and various sensors are controlled with signals bemg transferred
between them and the controller (not shown). The controller may be a well-
known one normally used in this field of industry, and is not limited in construction
and arrangement so long as it controls the above members to operate as desired.

The controller used in the present invention may be formed from an electronic
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circuit, for example. It may be formed from control circuits provided for the above
members to send and receive signals between them, a single control circuit adapted
to control the members by sending and receiving signals to and from the members
or a combination of such control circuits.

Also the controller may mainly be a personal computer or the like or an
electronic circuit board installed inside the cabinet of the processing apparatus.

Also, how each of the members is to be controlied may be determined by
hardware such as an electronic circuit or software such as a program. It may be
changed by changing only the software such as a program with the hardware being
left unchanged.

Also, the controller may be provided with an input unit to make entry of how

each member is to be controlled, etc. and a display unit to show the result of control,

as necessary.

Industrial Applicability

As having been described in the foregoing, the present invention proposes a
processing apparatus and method improved in production rate, the apparatus being
reducible in size. It 1s not applicable only to the liquid application apparatus with

a nozzle but also to an apparatus that places parts on a work and an apparatus by

which a work is machined or cut.
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Claims
1. A work processing apparatus comprising:

a plurality of work conveyance lines on which works are 1o be moved;

a stopping device for stopping a work in a predetermined processing position on each of
the work conveyance lines;

a processing device for making a desired process on the work stopped by the stopping
device; and

a moving device for moving the processing device between the work conveyance lines,
characterized in that

the processing device includes an applicator having a nozzle that discharges a liquid
material,

the work processing apparatus further comprises a temperature adjusting device provided
at the predetermined processing position on each of the work conveyance lines and configured to
adjust the temperature of at least a processed work stopping in the processing position out of a
yet-to-process work stopping in the processing position and a processed work stopping in the

th

processing position for increasing a fluidity of the liquid ma d from the nozz
work stopping in the processing position, and

the work processing apparatus further comprises a controller configured to control the
apparatus so as to make the processed work stay in the work processing position undergoing the
temperature adjustment for a certain time so that the liquid material applied from the nozzle to

the work stopping in the processing position flows to have a desired state.

2. The apparatus according to claim 1, wherein the controller is configured to control the
apparatus so that before a work having been processed on one of the work conveyance lines is
completely carried out from the processing position, a next to-be-processed work is carried in,

and stopped in, the processing position on the other work conveyance line.

3. The apparatus according to claim 1, wherein the controller is configured to control the
apparatus so that before a work stopped in the processing position on one of the work
conveyance lines is completely processed, a next to-be-processed work is carried in, and stopped

in, the processing position on the other work conveyance line.
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4. The apparatus according to claim 1 or 3, wherein the controller is configured to control
the apparatus so that when a work stopped in the processing position on one of the work
conveyance lines starts being processed, other work completely processed on the other work
conveyance line where the preceding process was done has been stopped in the processing

position.

5. The apparatus according to any one of claims 1 to 4, further comprising a magazine
holding device provided at one end of the work conveyance lines for holding magazines each
capable of housing a plurality of works, a work take-out device configured to take out works
from the magazine held by the magazine holding device and supply them to all the work
conveyance lines, and a work take-up device configured to pick up works from all the work

conveyance lines and house them into the magazine held by the magazine holding device.

6. The apparatus according to any one of claims 1 to 4, further comprising magazine
holding devices provided at both ends of the work conveyance lines for holding magazines each
capable of housing a plurality of works, a work take-out device configured to take out works
from the magazine held by any one of the magazine holding devices and supply them to all the
work conveyance lines and a work take-up device configured to pick up works from all the work

conveyance lines and house them into the magazine held by the other magazine holding device.

7. The apparatus according to claim 5, wherein the controller is configured to control the
apparatus in such a manner that after a work 1s picked up from one of the work conveyance lines
and housed into the magazine held by the magazine holding device and before a work is taken
out and supplied to the other work conveyance line and picked up from the latter, a work is taken

out to the work conveyance line from the magazine having housed the picked-up work.

8. The apparatus according to claim 1, wherein the controller is configured to control

temperature adjustment by the temperature adjusting device.
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9. The apparatus according to claim 1, wherein the process is an applying process in which
the liquid material is applied from the nozzle to a desired spot on a work and let to flow owing to

its fluidity to have a desired state of application.

10.  The apparatus according to claim 9, wherein the apparatus is configured such that the
work stopping in the processing position is processed and then let to stay there until the liquid
material applied to the work starts flowing and has a desired state, and then carried out from the

processing position.

11.  The apparatus according to any one of claims 1 to 10, further comprising:

a vertical moving device for moving the processing device vertically;

a first moving device having an arm extending in a first direction to move the vertical
moving device in the first direction; and

a second moving device extending in a second direction different from the first one to
move the first moving device in the second direction,

the second direction being at right angles at the extending direction of the work

conveyance lines.

12. A work processing method of making, in a processing apparatus having a plurality of
work conveyance lines, a process on a work carried in, and stopped in, a processing position
provided in place on each work conveyance line and carrying it out, characterized in that:

the process is application in which a liquid material is discharged from a nozzle, and
the process is sequentially made by the same processing device on each work conveyance line
and, before a work completely processed on one of the work conveyance lines is completely
carried out from the processing position, other work is carried in, and stopped in, a processing
position on the other work conveyance line where a next process is to be processed,

further, at least a processed work stopping in the processing position of a work
conveyance line out of a yet-to-process work stopping in the processing position of said work
conveyance line and a processed work stopping in the processing position of said work
conveyance line is subjected to temperature adjustment for increasing a fluidity of the liquid

material applied from the nozzle to the work stopping in the processing position, and
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said processed work is stayed in the work processing position undergoing the temperature
adjustment for a certain time so that the liquid material applied from the nozzle to the work

stopping in the processing position flows to have a desired state.

13. The method according to claim 12, wherein before a work stopped in the processing
position on one of the work conveyance lines is completely processed, a next another work is
carried in, and stopped in, the processing position on the other work conveyance line on which a

next work is to be processed.

14.  The method according to claim 12 or 13, wherein when a work stopped in the processing
position on one of the work conveyance lines starts being processed, a preceding work
completely processed in the processing position on the other work conveyance line is stopped in

the processing position.

15. The method according to any one of claims 12 to 14, wherein the work is carried out
from a side from which it was carried in and it is housed into the magazine from which it was

taken out.

16.  The method according to claim 15, wherein after a work is picked up from one of the
work conveyance lines and housed into the magazine and before another work is taken out to the
other work conveyance line and housed, a new work is taken out to the work conveyance line

from the magazine having housed that taken-up work.

17. The method according to any one of claims 12 to 16, wherein the process is application in
which a liquid material is applied from a nozzle to a desired spot on a work and flows owing to
its fluidity to have a desired state of application, and the work stopping in the processing position
is carried out therefrom afier letting to stay there until the liquid material applied to the work

starts flowing and has a desired state.



