
1                                DESCRIPTION      METHOD AND DEVICE FOR
FEEDING ELECTRONIC COMPONENT        TECHNICAL FIELD  5        The present
invention relates to a method and device      for feeding an electronic
component to an electronic      component mounting device which picks up
the electronic      component with a suction nozzle and mounts it on a
prescribed position on a circuit substrate.  10      BACKGROUND ART
In recent years, with the propagation of leadless      electronic component
(chip component), its configuration      and size have been diversified,
wherefore there has been  15 much demand for securement of even more
accelerated      operation and high reliability in an electronic component
mounting device for mounting components onto a circuit      substrate, so
as to construct an electronic circuit by      combining the variety of
electronic components. It is thus  20 necessary to enhance the efficiency
in a component mounting      operation under these circumstances, and it is
thought to      be effective to prevent decrease in the operation rate due
to exhaustion of the components to be mounted.      Specifically, it may be
constructed such that the feeder  25 section for supplying electronic
components is divided in    



2         plurality, on each of which is loaded electronic components
of the same kind, and if one type of electronic components      is
exhausted during a component feeding operation, the      electronic
component of that type is fed from other feeder  5 sections.
Fig. 6 is a perspective view showing the overall      construction of a
conventional electronic component      mounting device based on the above
idea. In the example      shown here, the feeder section is divided into
two parts  10  for simplifying the explanation.  In Fig. 6, both feeder
sections 1, 2 are supported on an identical rail (not      shown) such as
to be movable along a direction Z shown in      the figure. When the feeder
section 1 or 2 loaded with      electronic components is moved to a
prescribed pick-up  15 position, a suction nozzle unit 7 attached on the
circumference of a rotary table 6 is lowered to pick up the      electronic
component. The suction nozzle unit 7, while      holding the electronic
component, goes upwards and moves      along a circular path at a
prescribed angle by means of the  20 rotary table 6. Then, the suction
nozzle unit 7 descends      again for mounting the electronic component at
a      predetermined position on the circuit substrate 9 loaded on      an
X-Y table 8.            Here, the feeder section 1 or 2 moves as described
25 below. As shown in Fig. 7(a), the feeder sections 1 and 2   



3        respectively comprise a plurality of component supply units
arranged in parallel. Now it is assumed that each of the      component
supply units of both feeder sections 1, 2 is      loaded with all types of
electronic components which need  5 to be mounted, and at the moment
components are being fed      from a supply unit 3 of the feeder section 1.
The other      feeder section 2 is not in use, and such state will be
hereinafter mentioned as being "on standby". After a while,      at least
one type of electronic components in the feeder  10 section 1 is used up,
upon which the feeder section 2      starts feeding electronic components
as shown in Fig. 7(b).      The reference numeral 4 indicates a component
supply unit      which has run out of the electronic components. This state
of feeder section 1 will be called a "component exhausted  15 state". While
electronic components are being fed from the      feeder section 2, the
component supply unit 4 which has run      out of the components is
replenished with the components      and is made to be a supply unit 5
loaded with components as      shown in Fig. 7(c), so that the feeder
section 1 can be  20 again in the standby state.            With the above
described conventional construction,      under the state shown in Fig.
7(c), the feeder section 2      needs to consume all of the components in
order for the      feeder section 1 to feed the electronic components
again.  25 Here, it is assumed that electronic components of one kind   



4         loaded on the feeder section 1 are left only in a small
amount.            Referring to Fig. 8, at first the feeder section 1
feeds the electronic components while the other feeder  5 section 2 is on
standby. When the feeder section 1 runs      out of one type of electronic
components, the feeder      section 2 starts component feeding. Meanwhile,
the feeder      section 1 is loaded with electronic components so as to be
on standby. Here, electronic components which are  10 replenished are only
those which have been used up just      before, and the components which
still remain even in a      small amount are normally not replenished.
Successively,      the feeder section 2 runs out of electronic components,
and      the feeder section 1 starts component feeding. Meanwhile,  15 the
feeder section 2 starts to be loaded with electronic      components,
however, the feeder section 1 soon runs out of      the components, since
some types of electronic components      are left in a small amount, and in
such a case that the      loading of electronic components to the feeder
section 2  20 has not yet been completed by this time, both of the feeder
sections 1, 2 will soon run out of electronic components,      causing the
electronic component mounting device to come to      a halt. This is one of
the factors obstructing enhancement      in the operation rate of the
electronic component mounting  25 device.  



5              The present invention has been devised in view of the
above described circumstance, its main purpose being to      provide a
method and device for feeding an electronic      component with which
shutdown of the device caused by  5 shortage of components is prevented,
whereby it is possible      to enhance the operation rate.
DISCLOSURE OF INVENTION            To accomplish the above said object, a
first feature  10 of the present invention is a method of feeding an
electronic component wherein if one of a plurality of      feeder sections,
which are respectively loaded with      electronic components of identical
types, runs out of at      least one type of electronic components during a
component  15  feeding operation, the other feeder section which has been
in a standby state starts feeding the electronic components      of the
type which has been used up, characterized-in that:      when one of the
feeder sections which are in a standby      state is designated, the feeder
section which is currently  20 feeding electronic components is forcibly
moved aside to a      prescribed retracted position, and the designated
feeder      section is moved to a predetermined component feeding
position.            With such construction, in case that one type of  25
electronic components in the feeder section which is on  



6        standby is left only in a small amount, this feeder section
is designated and moved to the component feeding position,      by which
components are supplied from this designated      feeder section, and this
feeder section is forcibly made to  5 be in the component exhausted state,
after which it is      replenished with components and made to be in a
standby      state. It is thus possible to prevent a long-time pause of
the electronic component mounting device due to shortage of      components
caused by exhaustion of components at several  10 feeder sections at the
same time, since the electronic      components are kept from being left in
a small amount on      the feeder section. Accordingly, the operation rate
of the      electronic component mounting device can be enhanced.
A second feature of the present invention is a device  15 for feeding an
electronic component wherein if one of a      plurality of feeder sections,
which are respectively loaded      with electronic components of identical
types, runs out of      at least one type of electronic components during a
component feeding operation, the other feeder section which  20 has been in
a standby state starts feeding the electronic      components of the type
which has been used up,      characterized by having: first feeder section
designating      means for designating a desired one of feeder sections
which are in a standby state; and first feeder section  25 controlling
means for forcibly moving the feeder section  



7        which is currently feeding electronic components to a
prescribed retracted position when other feeder section has      been
designated by the feeder section designating means,      and for moving the
designated feeder section which has been  5 in a standby state to a
predetermined component feeding      position.            With the above
construction, the same functions and      effects as those of the first
feature of the invention can      be achieved.  10        A third feature
of the present invention is a method      of feeding an electronic
component wherein if one of a      plurality of feeder sections, which are
respectively loaded      with electronic components of identical types,
runs out of      at least one type of electronic components during a  15
component feeding operation, the other feeder section which      has been
in a standby state starts feeding the electronic      components of the
type which has been used up,      characterized in that: a number of
remaining electronic      components in each of the feeder sections which
are in a  20 standby state is counted, and if there are any feeder
section of which counted number of component is fewer than      a
predetermined value, this feeder section is designated,      whereupon the
feeder section which is currently feeding      electronic components is
forcibly moved aside to a  25 prescribed retracted position, and the
designated feeder  



8        section is moved to a predetermined component feeding
position.            With such construction, in case that one type of
electronic components on the feeder section on standby is  5 left only in a
small amount, this feeder section is      designated on the basis of
comparison between the counted      value of remainder number of components
and a preliminarily      determined value, and this designated feeder
section is      moved to the component feeding position, where components
10 are fed from this feeder section, so that this feeder      section is
forcibly made to be in the component exhausted      state, after which the
feeder section is replenished with      components so as to be in the
standby state. It is thus      possible to prevent a long-time pause of the
electronic  15 component mounting device due to shortage of components
caused by exhaustion of components at several feeder      sections at the
same time, since the electronic components      are kept from being left in
a small amount on the feeder      section. Accordingly, the operation rate
of the electronic  20 component mounting device can be enhanced.
A fourth feature of the present invention is a device      for feeding an
electronic component wherein if one of a      plurality of feeder sections,
which are respectively loaded      with electronic components of identical
types, runs out of  25 at least one type of electronic components during a



9         component feeding operation, the other feeder section which
has been in a standby state starts feeding the electronic      components
of the type which has been used up,      characterized by having: second
feeder section designating  5  means for counting a number of remaining
electronic      components in each of the feeder sections which are in a
standby state, and for designating any feeder section which      has a
fewer number of electronic components than a      preliminarily determined
value; and second feeder section  10  controlling means for forcibly moving
the feeder section      which is currently feeding electronic components to
a      prescribed retracted position when other feeder section has
been designated by the second feeder section designating      means, and
for moving the designated feeder section which  15 has been in a standby
state to a predetermined component      feeding position.            With
such construction, the same functions and      effects as those of the
above described third feature of      the invention can be achieved.  20
BRIEF DESCRIPTION OF DRAWINGS            Fig. 1 is a typical plan view of
an electronic      component feeding device according to a first embodiment
of      the present invention;  25        Fig. 2 is a schematic flow chart
of a method of 



10         feeding an electronic component according to the first
embodiment of the present invention;            Fig. 3 is a typical plan
view of an electronic      component feeding device according to a second
embodiment  5 of the present invention;            Fig. 4 is a schematic
flow chart of a method of      feeding an electronic component according to
the second      embodiment of the present invention;            Fig. 5 is a
diagram for explaining actions of the  10 electronic component feeding
device according to the first      and second embodiments of the present
invention;            Fig. 6 is a perspective view showing the overall
construction of the electronic component mounting device;            Fig. 7
is a typical plan view of a conventional  15 electronic component feeding
device; and            Fig. 8 is a diagram for explaining actions of the
conventional electronic component feeding device.-        BEST MODES FOR
CARRYING OUT THE INVENTION  20        Several embodiments of the present
invention will be      hereinafter explained with reference to the attached
drawings. The embodiments are shown through Fig. 1 to Fig.      5 which
illustrate such electronic component mounting      device as shown in Fig.
6. A component feeding device  



25 which is applicable to this electronic component mounting
device will be explained below. The description of the      electronic
component mounting device itself will be omitted      since it has been
already described above.      (First Embodiment)  5        The component
feeding device of a first embodiment      has a pair of component feeder
sections 1, 2, as shown in      Fig. 1, which are basically constructed
such that moving      tables 20, 21 on which a multiple of component supply
units      22 are disposed in parallel are movable along a direction  10
denoted at Z in the figure by a driving means (not shown)      so that a
given component supply unit 22 can be positioned      at a prescribed
component feeding position 23. The      plurality of component supply units
22 which feed in      succession a plurality of electronic components to a
15 component take-out position or the component feeding      position 23
are arranged in parallel on the moving table 20,      21, and these moving
tables 20, 21 are movable along a      direction of parallel arrangement of
the component supply      units. On each of the moving tables 20, 21, the
same  20 combination of the component supply units are disposed, on
which identical types of electronic components are arranged      in the
identical order.            Suction nozzles 24 are arranged at regular
intervals      around a rotary table 25 which is capable of turning at a 



25 prescribed angle in a direction indicated by the arrow A in
12        the figure, so that the nozzles are moved upwards and
downwards at a predetermined position for performing      electronic
component feeding and mounting operations. An      X-Y table 26 is provided
for placing a circuit substrate 27  5 thereon which is transferred by a
transfer means (not      shown), and is movable in directions shown by the
arrows X      and Y in the figure by a driving means 28 such as an AC
servo motor or the like, so that any given portion of the      circuit
substrate 27 can be positioned as a component  10 mounting position.
A feeder section controller (first feeder section      controlling means)
29 effects positioning control of the      moving tables 20, 21 so as to
position a component supply      unit of the selected feeder section to the
component  15 feeding position 23. When the selected feeder section runs
out of the components, it is retracted, while the other      feeder section
on standby is selected and positioned to the      component feeding
position 23 for further feeding      components. Also, if one of the feeder
section has been  20 designated by a feeder section designating unit (first
feeder section designating means) 30, the designated feeder      section is
selected and its component supply unit is      positioned to the component
feeding position 23 for      component feeding. The feeder section
controller 29 may be, 



25 for example, exemplified by an executing program
13        constructed in a computer, and the feeder section
designating unit 30 may be, for example, a selecting switch.
Actions with the above described construction will be      described below.
5        Referring to Figs. 1 and 2, a given component supply      unit of
the selected moving table 21 is positioned to the      component feeding
position 23 by means of the feeder      section controller 29. The suction
nozzle 24 is lowered at      the prescribed component pick-up position 23,
picks up an  10  electronic component by suction, and goes upwards.  The
suction nozzle 24 holding the electronic component is then      moved in
the direction of the arrow A in accordance with      the movement of the
rotary table 25, and is lowered at the      mounting position 31.
Meanwhile, the X-Y table 26  15 positions a given location of the circuit
substrate 27 at      the mounting position 31.            The above series
of actions are illustrated by a time      chart in Fig. 5. Supposing that
the feeder section 1 is      now feeding electronic components, while the
other feeder  20  section 2 is in a standby state, when the feeder section
1      runs out of the components, the feeder section 2 starts
component feeding. Meanwhile, the feeder section 1 is      loaded with the
electronic components so as to be in a      standby state. 



25        At this time, in this embodiment, in the case where
14        any of the component supply units 22 on the moving table 20
of the feeder section 1 have only few remaining electronic      components,
the moving table 20 is designated by an      operator through the feeder
section designating unit 30  5  (step S1 in Fig. 2).            Since the
feeder section is normally disposed at a      position such that the
operator can approach thereto and      visually recognize it, the state of
the feeder section 1 on      standby is checked regularly or irregularly by
the operator,  10 and the feeder section 1 is selected by, for example,
operating a selecting switch as necessary, thereby      designating the
moving table 20 as described above.            The feeder section
controller 29, upon the feeder      section designation being inputted,
sends a driving command  15 to the driving means so as to move the moving
table 21      which is now feeding components to a prescribed retracted
position so that the feeder section 2 is moved aside (steps      S2 to S3
in Fig. 2). In the case where the feeder section      designation has not
been inputted, the feeder section  20 controller 29 allows the moving table
21 to continue its      feeding action. The prescribed retracted position
is      normally provided at both ends of the rail. However,      according
to the situation of installation space for the      device, the tables may
be moved aside in a direction 



25 orthogonal to the direction denoted at Z in the figure. In
15        short, the retracted position may be set anywhere which is
out of the area of component feeding operation.            In the case
where the moving table 21 is moved to the      retracted position, the
moving table 20 of the feeder  5 section 1 which has been designated is
positioned to the      component feeding position 23, where components are
fed      from the feeder section 1 (step S4 in Fig. 2).            The
feeder section 1 will be soon in the component      exhausted state (where
the number of remaining electronic  10 components of one type loaded on the
component supply unit      on the moving table 20 has become zero), after
which the      feeder section controller 29 causes the moving table 20 to
move to the retracted position, and brings the moving table      21 of the
feeder section 2 back to the component feeding  15 position 23 (steps 5, 6,
and 7 in Fig. 2).            The moving table 20 which has been moved to
the      retracted position 20 comes then to be in the "component
loading completion waiting state".            In other words, the feeder
section 1 is loaded with  20 electronic components, and since this time
there is ample      time for this operation, the feeder section 1 will soon
become the standby state after the completion of loading of      the
electronic components (steps 8, 9, and 10 in Fig. 2).
Accordingly, in this first embodiment, it is 



25 prevented that both of the feeder sections 1, 2 run out of
16        components, and a long-time pause of the electronic
component mounting device due to lack of components is      eliminated. By
this, the operation rate of the electronic      component mounting device
can be enhanced.   5  (Second Embodiment)            In Fig. 3, each of the
constituting elements      indicated by the reference numerals 20-28 and 31
are      substantially the same as those of the first embodiment,      and
the explanations thereof will be omitted. In the  10 component feeding
device of this second embodiment, a      component counter (not shown) in
the feeder section      designating unit (second feeder section designating
means)      32 counts the number of remainder electronic components
loaded in all of the component supply units on the moving  15 table. This
embodiment is different from the first      embodiment in that, in case any
of these counted numbers is      fewer than a predetermined value, the
moving table is able      to be designated. It is not always necessary to
count the      number of components with respect to the component supply
20 units on the moving table which is now feeding components,      but here
in this embodiment, in order to simplify the      control of the device,
the numbers of components of all the      component supply units are
counted. In the case where      there are no such restrictions in respect
of control, it 



25 will suffice if the number of components in the component
17        supply units of at least the moving table which is in the
standby state is counted.            Following this, the feeder section
controller (second      feeder section controlling means) 33 controls
positioning  5 of the moving tables 20, 21, such as to position the
component supply unit of selected one of the feeder      sections to the
component feeding position 23. When the      feeder section which has been
selected runs out of the      components, it is retracted, and the other
feeder section  10 which is on standby is selected and positioned at the
component feeding position 23 for further component feeding.      In the
case where the feeder section designating unit 32      has designated one
of the moving tables, this designated      moving table is selected and
positioned at the component  15 feeding position 23 for further component
feeding. This      also differs from the first embodiment.            The
feeder section controller 33 may be exemplified      by an executing
program constructed in a computer. The      feeder section designating unit
32 may be, for example,  20 embodied by properly combining a component
counter for      counting the remainder number of electronic components, a
setting device for preliminarily setting prescribed setting      values,
and a comparator for comparing the counted numbers      and the setting
values.  However, it is not essential to 



25 construct all of the elements in the feeder section
18        designating unit 32 with hardware, and a part of them may      be
embodied by the above mentioned executing program      constructed in the
computer.            Actions with the above described construction will be
5  described below.            Referring to Figs. 3 and 4, a given
component supply      unit of the selected moving table 21 is positioned to
the      component feeding position 23 by the feeder section
controller 33. The suction nozzle 24 is lowered at the  10 prescribed
component pick-up position 23, picks up an      electronic component by
suction, and goes upwards. The      suction nozzle 24 holding the
electronic component is then      moved in the direction of the arrow A in
accordance with      the movement of the rotary table 25, and is lowered at
the  15 mounting position 31. Meanwhile, the X-Y table 26      positions a
given location of the circuit substrate 27 at      the mounting position
31.            The above series of actions can be also expressed by
the time chart of Fig. 5. Supposing that the feeder  20 section 1 is now
feeding electronic components, while the      other feeder section 2 is in
a standby state, when the      feeder section 1 runs out of the components,
the feeder      section 2 starts component feeding.            Meanwhile,
the feeder section 1 is loaded with the 



25 electronic components so as to be in a standby state.
19              At this time, in this second embodiment, the      remainder
numbers of electronic components loaded in each      of the component
supply units 22 are counted by the      component counter in the feeder
section designating unit 32,   5 and if there are any component supply
units 22 on the      moving table 20 of the feeder section 1 in which
electronic      components are left only in a small amount, the moving
table 20 is automatically designated by the feeder section      designating
unit 32 (step S1 in Fig. 4). In other words,  10  the factors which are
subjected to the operator's decisions      in the first embodiment are
eliminated in this embodiment,      so as to eliminate any misjudge of the
operator as well as      to reduce the burden on the operator.
The feeder section controller 33, upon the feeder  15  section designation
being inputted, sends a driving command      to the driving means so as to
move the moving table 21      which is now feeding components to the
prescribed-retracted      position so that the feeder section 2 is moved
aside (steps      S12 to S13 in Fig. 4). In the case where the feeder  20
section designation has not been inputted, the feeder      section
controller 33 allows the moving table 21 to      continue its feeding
action.            In the case where the moving table 21 is moved to the
retracted position, the moving table 20 of the feeder 



25  section 1 which has been designated is positioned to the
20        component feeding position 23, where components are fed      from
the feeder section 1 (step S14 in Fig. 4).            After the feeder
section 1 has come to be in the      component exhausted state (where the
number of remaining   5 electronic components of one type loaded on the
moving      table 20 has become zero) in a short time, the feeder
section controller 33 causes the moving table 20 to move to      the
retracted position, and brings the moving table 21 of      the feeder
section 2 back to the component feeding position  10 23 (steps 15, 16, and
17 in Fig. 4).            The moving table 20 which has been moved to the
retracted position comes to be in the "component loading      completion
waiting state".            In other words, the feeder section 1 is loaded
with  15 electronic components, and since this time there is ample
time for this operation, the feeder section 1 will soon      become the
standby state after the completion of loading of      the electronic
components (steps 18, 19, and 20 in Fig. 4).            Accordingly, in
this second embodiment, it is  20 prevented that both of the feeder
sections 1, 2 run out of      components, and together with the fact that
there are no      arbitrary factors such as operator's decisions unlike in
the first embodiment, an extensive shutdown of the      electronic
component mounting device due to shortage of 



25 components is surely eliminated. By this, the operation
21        rate of the electronic component mounting device can be
enhanced.            Although the examples have been given where two
feeder sections are provided in the above first and second  5 embodiments,
the present invention can be applied to an      electronic component
feeding device with a more number of      feeder sections. Furthermore, the
present invention may be      applied with the above described first and
second      embodiments combined together.  10      INDUSTRIAL
APPLICABILITY            As can be seen from the above description, the
present invention is useful as a method and apparatus for      feeding
components in an electronic component mounting  15 device, since an
extensive shutdown of the device due to      lack of components is
prevented by effectively utilizing a      plurality of feeder sections.
CLAIMS  



1.   A method of feeding an electronic component      wherein if one of a
plurality of feeder sections (22),   5 which are respectively loaded with
electronic components of.      identical types, runs out of at least one
type of      electronic components during a component feeding operation,
the other feeder section which has been in a standby state      starts
feeding the electronic components of the type which  10 has been used up,
characterized in that:            when one of the feeder sections which are
in a      standby state is designated, the feeder section which is
currently feeding electronic components is forcibly moved      aside to a
prescribed retracted position, and the  15 designated feeder section is
moved to a predetermined      component feeding position (23).
2.   A device for feeding an electronic component      wherein if one of a
plurality of feeder sections (22),      which are respectively loaded with
electronic components of  20 identical types, runs out of at least one type
of      electronic components during a component feeding operation,
the other feeder section which has been in a standby state      starts
feeding the electronic components of the type which      has been used up,
characterized by having:  25        first feeder section designating means
(30) for                 designating a desired one of feeder sections which
are in a 



standby state; and            first feeder section controlling means (29)
for      forcibly moving the feeder section which is currently   5 feeding
electronic components to a prescribed retracted      position when other
feeder section has been designated by      the feeder section designating
means (30), and for moving      the designated feeder section which has
been in a standby      state to a predetermined component feeding position
(23).  10        3.    A method of feeding an electronic component
wherein if one of a plurality of feeder sections (22),      which are
respectively loaded with electronic components of      identical types,
runs out of at least one type of      electronic components during a
component feeding operation,  15 the other feeder section which has been in
a standby state      starts feeding the electronic components of the type
which      has been used up, characterized in that:            a number of
remaining electronic components in each      of the feeder sections which
are in a standby state is  20  counted, and if there are any feeder section
of which      counted number of component is fewer than a predetermined
value, this feeder section is designated, whereupon the      feeder section
which is currently feeding electronic      components is forcibly moved
aside to a prescribed  25  retracted position, and the designated feeder
section is                                        24        moved to a
predetermined component feeding position (23). 



4.   A device for feeding an electronic component      wherein if one of a
plurality of feeder sections (22),      which are respectively loaded with
electronic components of   5 identical types, runs out of at least one type
of      electronic components during a component feeding operation,
the other feeder section which has been in a standby state      starts
feeding the electronic components of the type which      has been used up,
characterized by having:  10        second feeder section designating means
(32) for      counting a number of remaining electronic components in
each of the feeder sections which are in a standby state,      and for
designating any feeder section which has a fewer      number of electronic
components than a preliminarily  15 determined value; and            second
feeder section controlling means (33) for      forcibly moving the feeder
section which is currently      feeding electronic components to a
prescribed retracted      position when other feeder section has been
designated by  20 the second feeder section designating means (32), and for
moving the designated feeder section which has been in a      standby state
to a predetermined component feeding position      (23).    


