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DESCRI PTI ON COVPONENT FEEDI NG METHOD AND APPARATUS THEREFOR TECHNI CAL FI ELD
The present invention relates to a conponent 5 " feeding nmethod, as

wel | as an apparradess therefor, for feeding conponents, which POTAPIGOHE8
nount ed on boards, at their nmounting positions in an el ectronic conponent
nmount i ng nmachi ne. BACKGROUND ART 10 Conponent f eedi ng
appar at us in electronic co nent npunting machi nes are provided in
several types, such as taping-¢ GHﬁhBHEEB}mBrgmﬂf npati bl e or

stick-conpati bl e types depend|1g on Rﬂ@Aﬁﬁy packi ng of electronic
conponent s Anmong ot hers, t tapt-rg

DESCRIPTION

COMPONENT FEEDING METHOD AND APPARATUS THEREFOR

TECHNICAL FIELD
The present invention relates to a component
5 feeding method, as well as an apparatus therefor, for
feeding components, which are to be mounted on boards, at
thelr mounting positions in an electronic component

mounting machine.

BACKGROUND ART

10 Component feeding apparatus in electronic
component mounting machines are provided in several
types, such as taping-compatible, tray-compatible or

stick—compatible_ﬁyﬁés depending on the styleféf packing

of electxenic ‘components . Amonq others, the taping-
/ . T e
______ - 157 T cfmpatible type component feed;ng apparatuses are capable

— . . — — — .

of feeding ele&t¥dnic cbmﬁbnents with high speed and in a
wide variety of component types, so that they are widely
used particularly in high-speed, high-production type
mounting macﬁines out of electronic component mounting

20 machines. 7 ' -
Some of the coméonenﬁ'feeding apparatuses used

in high-speed, high-production type mounting machines are:

Hf-“«\- .-
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15 conpati bl e type conponent feedi ng apparatuses are capabl e of
feeding el ectronic conponents with high speed and in a wde variety of
conponent types, so that they are widely used particularly in high-speed,

hi gh- producti on type nounting machi nes out of electronic co

20 U M18812 Some of the conponent feeding appar at usesP

onent nounting

TP 701308

hi gh- speed, hi gh-production type nounting nachi nes are -la- equi pped
with a plurality of conponent feeding tables. US-A-5 208 969 di scl oses an
el ectroni c conponents feeding device conprising a plurality of tables where
feeders of the electronic conponents are placed, a base where these tables
are placed, a first feeding neans for novigg the tables in |ateral
direction along which the tables are arranged in a feeding area at central

par

t of

10

15

‘
% 25

equipped with a plurality of component feeding tables.
An example of the arrangement of such a component feeding

apparatus is shown in Fig. 7.

Referring to the individual functional parts in
the example of Fig. 7, a plurality of component feeding
tables 701 to 704 each have a driving motor incorporated
therein one by one, so that the component feeding tables
are enabled to operate independently of one another.
Each of components placed on each component ﬁeeding table
is positioned to a component suckup position 709, and fed
from the component feeding table to the mounting machine.

As for the component replacement position where
electronic components are replenished upon exhaustion of
the electronic components on the component feeding table,
there are arranged a component replacement position 705
for the component feeding table 701, a component

replacement position 786 for the component feeding table
”.,4‘——:,:.—.-:.-:—,'-.. -- - “

R ™ . N
702, a coppofent replacement position 707 <for the

s

.chPOﬁéHt feeding table 703, and a component replacement

positicr 708 for the component feeding table 704. When
any of the component feeding tables have exhausted
components, the component feedfné table has to move to
its specified component replacement position. Whereas
the example ¢f Fig. 7 is shown in a case where the number

of motors is the same as that of the component feeding
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the base in order to stop the feeders at pickup position of pick-and-place
heads, and a second feeding means for noving the tables between retreat
areas on theveyn®s120f the base and the feeding area. A furthepc@)péiniSe0f
t he construction of a conventional conmponent feeding apparatus is shown in
figure 7. AMENDED SHEET 2 Referring to the individual functional parts
inb5 the exanple of Fig. 7, a plurality of conponent feeding tables
701 to 704 each have a driving notor incorporated therein one by one, so
that the conponent feeding tables are enabled to operate independently

of one another. Each of conponents placed on each conponent feeding table

10 Is positioned to a conponent suckup position 709, and fed
tables in one-to-one correspondence, there are some cases

where the number of motors is smaller than that of the
component feeding tables.
The purpose of preparing a plurality of
5 component feeding tables is to keep productional
operation of the electronic component mounting machine
continued without being interrupted and thereby to
prevent the machine from lowering in availability even
during the periods during which an exhausted component
10 feeding table is moved to the component replacement
position and the electronic components are replenished.
This is accomplished by, during such periods, feeding the
same type of components which have previously been
prepared on a component feeding table other than the
15 exhausted component feeding table, not from the exhausted
component feeding table but from the other component
feeding table to the component suckup position.
For example, the component feeding tables 701
and 702 are used as one set of component feeding tables,
20 and the same components as those placed on the component
feeding tables 701 and 702 are placed on the component
feeding tables 703 and 704, respectively. Then, the
production is started with the set of component feeding
tables 701 and 702. Those component feeding tables, upon

25 an occurrence of exhaustion of components, are changed

i,



fromthe conponent feeding table to the nounting machine. As for the
conponent replacenent position where el ectronic conponents are repl eni shed
upon exhaustion of the el ectronic conponents on the conponent feeding

tabl e, 15WO973%1Rere are arranged a conponent replacenment PEIVEPHNIMD5 f or
t he conponent feeding table 701, a conponent replacenent position 706 for
t he conponent feeding table 702, a conponent replacenent position 707
for the conponent feeding table 703, and a conponent replacenent 20
position 708 for the conponent feeding table 704. Wen any of the
conponent feeding tables have exhausted canponents, the conponent feeding
table has to nove to its specified conponent replacenent position.

Whereas the exanple of Fig. 7 is shown in a case where the nunber 25

of notors is evershaetie t9eh of the comperent keefing tables 703 and

704, and the component feeding tables 701 and 702 are
moved to the component replacement positions 705 and 706,
respectively. Then, replenishing components onto the
5 - component feeding tables 701 and 702, if dcne completely
while the production is continued with the component
feeding tables 703 and 704, allows the productional
operation of the mounting machine to be continued even
when the cémponent feeding tables 703 and 704 in turn
10 come to exhaustion of components.

As for the factors in lowering the availability
of the equipment, the interruption of productional
operation aue to exhaustion of the components that are
being fed is one of the greatest factors. Therefore,

15 electronic-component mounting equipment has been demanded
that the production can be continued as much as possible
even upon exhaustion of components, while component
replenishment can be carried out. The tooling change at
a change of the production model is also a factor that

20 lowers the availability of the electronic-component
mounting equipment. As a result, the equipment has also
been demanded to cérry out the tooling change at the same
time as the productional operation or to reduce the

working time.
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I n one-to-one correspondence, there are sone cases where the nunber of
notors i s srwDiseBR9dihan t hat of the conponent feeding tables. TherymanEese
of preparing a plurality of 5 component feeding tables is to
keep productional operation of the el ectronic conponent nounting nmachine
continued without being interrupted and thereby to prevent the machine from
| owering in availability even during the periods during which an exhausted
conponent 10 feeding table is nnvedst() the conponent

repl acenent position and the el ectronic conponents are replenished. This is
acconpl i shed by, during such periods, feeding the sane type of conponents

miech have previously beewehRRar 6fi€h RnEOrEGHISHeheCPedd P! fePhg! hizan
. apparatus therefor of the prior art as described above,
there is a need of previously selecting such an
operational mode that the combination of component
5 feeding tables is free from any-difficulty in continued
production upon exhaustion of components, so that the

combination of component feeding tables is greatly

limited, as an issue.

As an example of those combinations, one
10 combination is shown in Fig. 8, which shows an
operational mode in which production cén. be continued
even when exhaustion of components has occurred to
component feeding tables. Referring to Fig. 8,
operational states 800 and 810 show operational modes in
15 which component feeding tables 801 and 802 and component
feeding tables 803 and 804 are operated in combination as
one set of component feeding tables, respectively. In
this operational mode, upon an occurrence of exhaustion
of components during the production with the component
20 feeding tables 801 and 802 (shown by the operational
state 800), the component feeding tables 801 and 802 are
moved to their component replacement positions, while the
component feeding tables 803 and 804 are moved to a
predetermined specified component suckup position (shown

25 by the operational state 810), and the productional

e, L.



15 exhaust ed conponent feeding table, not fromthe exhausted conponent
feeding table but fromthe other. conponent feeding table to the conponent
suckup position. For exanple, the conponent feeding tables 701 and 702 are
used as oN¥P8HEIK conponent feeding tables, 20 and t hRCTH/APRI/O1308
conponents as those placed on the conponent feeding tables 701 and 702 are
pl aced on the conponent feeding tables 703 and 704, respectively. Then,
the production is started with the set of conponent feeding tables 701 and
702. Those component feeding tables, upon 25 an occurrence of
exhaustion of conponents, are changed 6\D 97/ 39612

PCT/ JP97/ 01308 4 over to the set of the conponent feeding tables 703 and

operation of the electronic-component mounting equipment
is continued with the components on the component feeding
tables 803 and 804.
Also referring to Fig. 8, operational states
5 820 and 830 show an operational mede in which component
feeding tables 821 and 824 are not used for production.
In this operational mode, upon an occurrence of
exhaustion of components during the production with a
component feeding table 822 (shown by the operational
10 state 820), the component feeding table 822 is moved to
its component replacement position, while a component
feeding table 823 is moved to the component suckup
position (shown by the operational state 830), and the
productional operation of the electronic-component
15 mounting equipment is continued with the components on
the component feeding table 823.

Given an operational mode in such a combination
of component feeding tables as described above, even if
exhaustion of components has occurred to the component

20 feeding tables, the productional operation of the
electronic-component mounting egquipment can be carried
out without interruptions. However, with the combination
of component feeding tables other than that shown in Fig.

8, the production would inevitably be interrupted upon

5 8Kay -
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704, and the conponent feeding tables 701 and 702 are noved to the
conponent replacenent positions 705 and 706, respectively. Then,

r epl eni shi nyocorsgétzents onto the 5 conponent feedi ng t aBFEIPITP1308nd
702, if done conpletely while the production is continued with the
conponent feeding tables 703 and 704, allows the productional operation of
the nmounting machi ne to be continued even when the conponent feeding tables
703 and 704 in turn 10 conme to exhaustion of conmponents. As for the
factors in lowering the availability of the 2Bquipnment, the interruption of
productional operation due to exhaustion of the conponents that are being
fed is one of the greatest factors. Therefore, 15

el ect roni c- conporerrrapgss M e GFEMSHIAMTHsObe@PRIORATHRL t BUcht Hehat the

production can be continyed as nuch as possi bl e even upon_exhaustion of
conponents, whi PECEBRHAHERY Pépleéw%‘?é'?ﬁ ‘&%Hllcgeb%d'?‘t’%ﬁe@mt. The tooling

Change at For example as shown in Fig. 9, in an

operational mode that production is started initially

5 with a component feeding table 901 without using

component feeding tables 903 and 9504 for production and

with the same type of components as on the component

feeding table 901 placed on a component feeding table

902, even when components have been exhausted during the

10 production with the component feeding table 901 (shown by

an operational state S00), the same type components are

fed with the component feeding table 902 (shown by an

operational state 910) so that the production can be

continued without interruption. However, upon exhaustion

15 of components of the component feeding table 902 in this

state, if the component replenishment tc the component

feeding table %01 has been completed, the apparatus can

move to the operational state 900 so that the production

can be continued, but if the component replenishment to

20 the component £feeding table 901 has not been completed

yet, the apparatus comes to an operational state 920 such

that the productional operation of the equipment would
inevitably be interrupted.

. Besides, even if the apparatus can move to the

. 25 operational state 800, components could not be

)
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a change of the production nodel is also a factor that 20 | owers the
availability of the electronic-conponent nounting equi pnent. As a-

result, the e ment- has al so been dermanded to carry out the toolin
change at“f%%"%é’gﬁe time as the productional operation or to* ‘F’é!ﬁ'i?&@@ﬁe
wor ki ng time. WO 97/ 39612

PCT/JP97/ 01308 5 However, wth the conponent feeding nethod and apparat us
therefor of the prior art as described above, there is a need of previously
sel ecting such an operational node that the conbi nati on of conponent 5

feeding tables is free fromany difficulty8in contlnued producti on upon
exhaustion of conponents, so that the

replenished to the component feeding table 902 because

the exhausted component feeding table 902 is not in the

component replacemeht position. In this case, to execute

the component replenishment on the exhausted component

5 feeding table 902, the apparatus would necessarily come

to the §perational state 920, such that the productional
operation would have to be interrupted in the end.

As shown above, an attempt to eliminate the

interruption of production .upon én occurrence of

10 exhaustion of components in component feeding tables®

would involve limitations in the combination of component

feeding tables as an operational mode for the apparatus,

as an issue.

DISCLOSURE OF INVENTION
15 Accordingly, an objéct of the present invention
is to provide a component feeding method, as well as an
apparatus therefor, which are ' capable of minimizing
interruption of production wupon an occurrence of
component exhaustion and thereby improving the
20 productivity of equipment without limiting the
combination of component feeding tables which are
provided to a plural number of quantity.
¥ In accomplishing these and other aspects,

} according to a first aspect of the present invention,



conmbi nati on of conponent feeding tables is greatly Iimted, as an issue. As
an exanple of those conbinations, one 10 conbination is shown in
Fig. 8, Wwhiccdvaesizows an operational node in which producti porgoesvidises
continued even when exhaustion of conponents has occurred to conponent
feeding tables. Referring to Fig. 8, operational states 800 and
810 show operational nodes in 15 whi ch conponent feeding tables 801
and 802 and conponent feeding tables 803 and 804 ar T f RS BEE
conbi nati on as one set of conponent feeding tables, jr §é§ﬁ§3e| : vﬁ this
operational node, upon an occurrence of exhafistion df conﬁ@ﬁb&ﬁ during the
production with the conponent 20 feeding tabl es 801 and 802 (shown by
the operational state 800), the, conponent feeding tables 801 and 802 are
moved to their E&¥FEnentSrepPELEHERE pRi t iIHPORARY e Hfe IS on8RParasdisng

tables 803 and %%%ﬁ?géfgaﬂ%%gééékr more component feeding tables arrayed

on a straight line on a base which are replenished with

components at component replacement positions, the

5 component replacement positions being disposed, relative

to a component suckup position provided at one place on

the base, to a number of a number determined based on a

total number of the using tables of the component feeding

tables, the number of component replacement positions

i0 being expressed as (the total number of the using
component feeding tables - 1) x 2.

According to a second aspect of the present
invention, there is provided a component feeding
apparatus as defined in the first aspect, wherein the

15 component replacement positions of a number of (the total_

number of the using component feeding tables - 1) are

disposed at each of both sides of the composition suckup

position.
According te a third aspect of the present
20 invention, there is provided a component feeding
apparatus as defined in the £first aspect, further

comprising a control unit comprises parts for:
setting sequence numbers of the component
replacement positions based on their distances from the

25 component suckup position;

.
. . -
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pr edet er m ned

speci fied conponent suckup position (shown 25 by the

operational state 810), and the productional WO 97/ 39612

PCT/ JP97/ W&%‘—’? operation of the el ectronic-conponent nounti n&@e’gw ment

i's continued

¥ the conponents on the conponent feeding t2&W and

804. Also referring to Fig. 8, operational states 5 820 and 830 show

an operat| onal

node |n mhlch conponent feeding tables 821 and 824 are not

used for.production. “this operational npde, wupon an occurrence

exhausti on of

conponents during the production with a conmponent feeding

tabl e 822 (shown by the operational 10 10 state 820), the conponent

feeding table

10

i5

20

725

%
5

- v,

822 is noved to

setting sequence numbers and component -
replacement directions of the using component feeding
tableslpased on the set sequence numbers of the component
replacéﬁent positions; -

determining, upon  occurrence of component
exhaustion of the component feeding table, a component
replacement position for the component -exhausted
component feeding table based on the set sequence numbers
and component-replacement directioﬁs of the component
feeding tables; and

controlling to move the component-exhausted
component feeding table to the determined component
replacement position in the component-replacement
direction thereof.

According to a fourth aspect of the present
invention, there 1is provided a component feeding
apparatus as defined in the third aspect, wherein in the
part for setting the sequence numbers and component-
replacement directions of the using component £feeding
tables based on the set sequence numbers of the component
replacement positions, 'the sequence numbers of the
component feeding tables are determined in ascending
order from 0 in the same direction as that in which the
sequence numbers of the component replacement positions

have been set and the component replacement direction of

This Sheet Has Been Reilaoed
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I ts.conmponent replacenent position, while a conponent feeding table 823 is
noved to the conponent suckup position (shown by the operational state
830), and tWw® vageazct i onal operation of t he el ect r oni ECT/3PT08308t 15
nmounti ng equi pnent is continued with the conmponents on the conponent
feeding table 823. G ven an operational node in such a conbination
conponent feeding tables as descri bed above, even if egxhat
conponents has occurred to the conponent 20 feediﬂ@ﬁ3b.-
productional operation of the electroniciaonponent nmount R e
can be carried out without interruptions. However, wt € conbi nati on of
component feeding tables other than that shown in Fig. 8, the production
woul d i nevi t abl yhiee dompemranit efkeding table is determined in a direction

opposite to the ascending-order direction in which the
sequence numbers of the component replacement positions

have been set, and
S in the part for setting the sequence numbers and
component-replacement directions of the using component
feeding tables, the component replacement position for
the component-exhausted component feeding table is
assigned a component replacement position having the same
10 sequence number as the sequence number of the component
feeding table searched out in the same direction as the
component -replacement direction of the component feeding

table.

According to a fifth aspect of the present
15 invention, there is provided a component feeding method
using a component feeding apparatus comprising three or
more component feeding tables arrayed on a straight line
on a base which arxre replenished with components at
component replacement positions, the component
20 replacement positions being disposed, relative to a
component suckup position provided at one place on the
base, to a number of a number determined based on a total
number of the using tables of the component feeding

tables, the number of component replacement positions

This Sheet Has Been Re,placed

AU




WO 97/ 39612 PCT/ JP97/ 01308 7
occurrences of exhaustion of conponents, such that the productivity of

equi pnent e lowered. For exanple as shown in Fi ' an
operation ‘Xﬁ%gﬁé?t hat production is started initially 5 &W%lsé§
conponent feeding table 901 wthout using conponent feeding tables 903
and 904 for production and with the sane type of conponents as on the
conponent feeding table 901 placed on a conponent feeding table 902, even
when conponents have been exhausted duringﬁ%he 10 production with the

conponent feeding table 901 (shown by an rational state 900), the sane
type conponents are fed with the conponent feeding table 902 (shown by an

operational state 910) so th the p duct 0 an_be continued, wi t hoyt
i nterruption. Lﬁﬁﬁﬁ& fg gihéﬁ%tl tdlak of Egﬁﬁﬁneﬁ@ gpethESlng
component fee%b%%&ﬂéﬁt f§£é1ﬂ§téﬂﬁies - 1) x 2,

the method comprising:
setting sequence numbers of the component
5 replacement positions based on their distances from the
component suckup position;
setting segquence numbers and component -
replacement directions of the using component feeding
tables based on the set seguence numbers of the component
10 replacement positions;
setting sequence numbers and component -
replacement directions of the using component feeding
tables based on the set sequence numbers of the component
replacement positions; and
15 moving the component -exhausted component
feeding table to the determined component replacement
position in the component-replacement direction thereof.
According to a sixth aspect of the present
invention, there is provided a component feeding method
20 as defined in the fifth aspect, wherein in setting the
sequence numbers and component-replacement directions of
the using component feeding tables based on the set
sequence numbers of the component replacement positions,
the sequence numbers of the component feeding tables are

?25 determined in ascending order from O in the same

iy
<

- This Sheet Has Been Replaced

- i,




state, if. the conponent replenishnment to the conponent feeding table 901

has been conpl eted, the-apparatus can nove to the operational

that the prY®R%3¥ can be continued, but if the conponent

apparatus cones to an operational state 920 such that the productlonal

operation of the equi pnent would inevitably be interrupted,
i f the apparatus can nove to the 25 oper at i onal
conponent s coul d not be WO 97/ 3961213

state 900 so

r eBCEAPLINIB08t t O
20 t he conponent feeding table 901 has not been conpleted yet, the

HiSt GHEET H
! REPLACED

BB BEEN

PCT/JP97/ 01308 8 repl eni shed to the conponent feeding

do2-Hecause t he

exhausted conponent feeding table 902 is not in the

10

15

20

25

direction as that in which the sequence numbers of the
component replacement positions have been set and the
component replacement direction of the component feeding
table is determined in a direction opposite to the
ascending-order direction in which the sequence numbers
of the component replacement positions have been set, and
in setting the sequence numbers and component-
replacement directions of the using component feeding
tables, the component replacement position for the
component -exhausted component feeding table is assigned a
component replacement position having the same sequence
number as the sequence number of the component feeding
table searched out in the same direction as the
component-replacement directibn of the component feeding
table. |
With this arrangement, components can be
replenished without interrupting the production upon
component exhaustion, by moving a component feeding table
that is not in the component suckup position necessarily
to any one of the component replacement positions
regardless of the combination of component feeding
tables.
With this method, when -a component feeding
table has exhausted components, components can be
replenished without interrupting the production upon

This Sheet Has Been Replaced
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conponent replacenent position. In this case, to execute the conponent
repl eni shnent on the exhausted conponent 5 feeding table 902, the

appar at us §%g? ecessarily conme to the operational state 920, such that
t he pr odu% P’bper ation would have to be interrupted in 'E‘F?Bﬂ?ﬁfaﬁ%
shown above, an attenpt to elimnate the interruption of production upon
an occurrence of 10 exhaustion of conponents in conponent

feeding tables would involve [imtations in the conbination of conponent
feedi ng tabl es as an. operati onal node for the apparatus, as an issue.

DI SCLOSURE OF | NVENTI ON 15 Aédordingly, an object of the
present invention is to provide a conponent feeding nethod, as well as an
apparatus therefor, which argﬁca abl e of nininizing i nterrupti.on

f
production upSRTPERE e cuFFRRRES I8P corfphneRF CTPELNausErbS 13ﬁ890 tHe® eby

| mprovi ng thgomponent replacement position for the exhausted
component feeding table and moving to the component
replacing work.

5 In addition, the sequence numbers of component
replacement positions are set, for example, by a function
as shown as one example in Fig. 3. In addition, the
sequence numbers and component -replacement directions of
the plurality of component feeding tables are set, for

10 example, by a function as shown as one example in Fig. 4,
while the component replacement position for an exhausted
component feeding table is determined, for example, by a

function as shown as one example in Fig. 5.

BRIEF DESCRIPTION OF DRAWINGS

15 These and other aspects and features of the
present invention will become clear £from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:

20 Fig. 1 is a schematic view showing the
arrangement of the component feeding apparatus according
to an embodiment of the present invention;

Fig. 2 is a flow chart showing the component

feeding method of the embodiment;

o i,



20 productivity of equi pnent wi t hout limting t he
conbi nati on of conponent feeding tables which are provided to_a Plural
nunber of qW@¥3§12 In acconplishing these and other aspBETdPIT01308
according to a first aspect of the present invention, -9- there is
provi ded a conmponent feedi ng apparatus conprising: three or nore conponent
feeding tabl es which are replenished with conponents at conponent
repl acenent positions; and suction neans for sucking a conponent at a
conponent suckup position and feeding it from®a conponent feeding table to
a board; wherein the conponent feeding tables are arranged in series on a
straight line and novabl e reciprocally alon% the straight |ine
ihdependent'y of one anotﬁég,. 3 is an exp anatory view of Setting the
sequence numbexrs of the component replacement positions
in the embodiment;

Fig. 4 is an explanatory view of setting the

5 sequence numbers and component-replacement direction on
the component feeding tables in the embodiment;

Fig. 5 is an explanatory view of the component-
replacement-position decision function in the embodiment;

Fig. 6 is an explanatory view of the component

10 feeding method according to an another embodiment of the
present invention;

Fig. 7 is a schematic view showing the
arrangement of a component feeding apparatus according to
the prior art;

15 Fig. 8 is an explanatory view of a component
feeding method accoxding to the prior art; and

Fig. 9 is an explanatory view of another

component feeding method according to the prior art.

BEST MODE FOR CARRYING OUT THE INVENTION

20 Before the description'ﬁf the present invention
proceeds, it 1is to be noted that 1like parts are
designated by 1like reference numerals throughout the

accompanying drawings.

v
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t he conponent suckup position is provided at the straight line, and the
conponent replacenent positions of the conponent feeding tables are

provi ded at traight line on both sides of the suckup pasit
Foshfes s

e
character that the nunber of the conponent replacenéﬁ?“ B9ns at
both sides of the suckup position nust be [the total nunber of the
conponent feeding tables -1]; and a control unit is provided for
controlling a conponent - exhausted conponent feeding table to be noved to a
vacant conponent replacenment position. According to a second aspect of the
present invention, there is provided a coﬁﬁonent f eedi ng net hod using the
above- nenti oned conponent feedi ng apparatus, wherein the nethod conpri ses:

accor dance i th thel 1 dTETSHERE ST omA rECTERREREnC D Boerefomdetting

e once: " To g TRty FRLASEER)  Unel s o Rl of
the present invention, are explained in detail with
reference to the accompanying drawings.

5 Fig. 1 schematically shows production equipment
in which the component feeding apparatus of the present
embodiment is incorporated. The component feeding
apparatus has four component feeding tables 101, 102,
103, 104, and has component replacement positions 105,

10 106, 107, 108, 109, 110 for occurrences of component
exhaustion. Like this, in the case of the production
equipment with this arrangement, the number of component
replacement positions is six according to Equation 1:
(total number of component feeding tables - 1) x 2 (which |

15 is referred to as Equation 1), based on that the total
number of component feeding tables is four. This
arrangement enables any component feeding table out of a
component suckup position 111 to be necessarily located
at any one of the component replacement positions 105 to

20 110. In Fig. 1, reference numeral 45 denotes a rotary
head having a plurality of suction heads each for sucking
a component at the component suckup position 111, 46
denotes a board to which the suckup component is mognted,
denotes a compconent mounting apparatus, 48 denotes a

25 guide rail for guiding the component feeding tables each

e -



conponent. repl acement positions; and noving the conponent-exhausted _
conponent feeding table.to the determ ned conponent replacenent position in
the conponeWO-478f¢12cenent direction thereof. Further advantageousr9r/e1308
enbodi ments of the present invention are defined in the dependent clains.
10 setting sequence nunber s and conponent replacenent directions of
the using conponent feeding tables based on the set sequence nunbers of the
conponent repl acenent positions; 5 det erm ni ng, upon
occurrence of conmponent exhaustion of thezconponent feeding table a
conponent repl acenent position for t he conponent - exhaust ed
conponent feeding table based on the set sequence nunbers
having a drive device for reciprocally moving on the
guide rail, 41 denotes a control unit of the component
mounting apparatus 47 connected to and driving the rotary
head 45, all of the component feeding tables and etc.,
5 and 42 denotes an input device.
Fig. 2 is a flow chart showing the component
feeding method of this embodiment.
Referring to Fig. 2, first, the number of
component replacement positions relative to the number of
10 component feeding tables to be used for production is
previously calculated. This is intended to allow all the
component feeding tables to effectively function at all
times in the component feeding apparatus and component
feeding method of this embodiment even when out of use in
15 the production; It is essential that the total number of
component feeding tables to be used in the production as
well as the number of component replacement positions
satisfy the function shown in Eguation 1. Hereinbelow,
in this embodiment, a case is explained in which all the
20 component feeding tables are used for the production as
shown in Fig. 1. Further, the setting of sequence
numbers of the’ ' component replacement positions, the

setting of sequence numbers and component-replacement

direction on the component feeding tables are determined



and conponent-replacenent directions of the conmponent 10 feedlng
tabl es; and controlling to nove the conponent-exhausted conponent’

f eedi ng the determ ned conponent replacenent in
t he corrp“gél)én%- repl acenent direction thereof. 15 PCP’%-'M‘?@& di
to a fourth aspect of the present invention, there is provided a

conponent feeding apparatus as defined in the third aspect, wherein in the
part for setting the sequence nunbers and conponent- replacenent
directions of the using conponent feeding_20 tabl es based on the set
sequence nunbers of the conponent replacen&ﬁt positions, the sequence
nunbers of the conponent feeding tables are determined in ascending

or r fromO in th di [egt tion as that |n mhl h the ence, nu ers of
the conponent F&pl a“bre%gln nspo%l?w%n§'n2 1gs. g t?eenrg%?c%ﬁée Yie{step
conponent repl§§%q3nt di rection of

Fig. 3 gives a simplified explanation of the

function for implementing the setting of sequence numbers

5 on the component replacement positions, where examples of
the setting of sequenée numbers are shown. The setting

of sequence numbers on the component <replacement
positions is accomplished by numbering the component
replacement positions in ascending order from O in

10 sequence with the component suckup position taken as the
start point, and by numbering the rest of the component
replacement positions in ascending order from 0 in the
opposite direction to the component suckup position. As
examples of the setting of sequence numbers on the

15 component replacement positions, there are shown cases
where the number of component xreplacement positions is
four, where the number is six, and where the number is
eight. In Fig. 3, reference character T denotes a
component feeding table.

20 | Fig. 4 gives a simplified explanation of the
function for setting the seguence numbers and component-
replacement direction on the component feeding tables,
where examples thereof are shown. The setting of
sequence numbers on the component feeding tables has been

25 accomplished by arraying the component feeding tables in

Jea, .
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t he conponent feeding table is determned in a direction, opposite to the
ascendi ng-order direction in which the sequence nunbers of the conponent

r epl acenent Wf38739%6¥hs have been set, and 5 in the paPCTAPY7/M808t i ng
t he sequence nu ers and conponent-repl acenent directions of the using
conponent feeding tables, the conmponent replacenent position for the
conponent - exhaust ed conponent feeding table 1is assigned a conponent

repl acenent position having the sanme 10 sequence nunber as the
sequence number of the conponent feeding takle searched out in the sane
direction as the conponent-replacenent directio of the conmponent feeding
table. According to a fifth aspect of the present

a row and by numbering them in ascending order from 0,
with their physical direction identical to that of the
component replacement positions assigned in Fig. 3.
Meanwhile, the component-replacement direction of the
5 component feeding tables has been set by taking, as
initial data, an order opposite to the ascending order in
which the sequence numbers of component feeding tables
are set. As examples of setting the sequence numbers and
component -replacement direction on the component feeding
10 tables, there are shown cases where the total number of
component feeding tables is three, four and five. In
Fig. 4, reference character T denotes a component feeding

table.
With these initial settings prepared prior to
15 the start of production by the equipment, the production
is started. After waiting for an occurrence of component
exhaustion (step #202), when component exhaustion has
occurred, the component-feeding-table sequence number and
component—replaceﬁent direction assigned to the exhausted
20 component feeding table are given to a component-
replacement-position decision function fp, so that the
component replacement position to which the component
feeding table should be moved is determined (step #203).
The contents qf this component-replacement-position

-

+ 25 decision function f are shown in Fig. 5, where an
g

o ey,



15 I nvention, there is provided a conponent feeding nethod using a
conponent feedi ng apparatus conprising three or nore conponent feeding

tabl es ar %9398 a straight line on a base which are repl ?&j@%ﬂ# %h
conponents at”¢C ﬂ%onent r epl acenent. posi tions, th Bhent 20
repl acenent positions being disposed, relative to a conpone suckup
position provided at one place on the base, to a nunber of a nunber

determ ned based on a total nunber of the using tabl'es of the conmponent
feedi ng tables, the nunber of conponent regéacenent posi tions. 12 being

expressed as (the total nunber of the I ng conponent feeding tables -
1) x 2, the nethod conpri sing:

example of decision contents is shown as well. 1In Fig.

5, for example, wupon an occurrence of component

exhaustion, 1if the sequence number of the exhausted

component feeding table is 0, i.e., if the 0-placed

5 component feeding table that has currently been in the

suckup position has exhausted as shown in a decision

state 500, a compcnent replacement position 510 is given

as the component replacement position for the relevant
component feeding table.

10 Now that the component replacement position to
which the 0-placed component feeding table should be
moved has been determined as 5110, the exhausted O-placed
component feeding table is moved to the position 510 for
replenishing components thereon and a next 1l-placed

i5 component feeding téble is moved to the component suckup
position in the determined direction for sequential
component mounting operation under a predetermined
component mounting program as shown in the state 501
(step #204). Then, the component-replacement direction

20 data of the O-placed component feeding table moved to the
component replacement position 510 is reversed (step
#205, decision state 501). This reversal is to move the
0-placed table to a component replacement position
reverse to that of the last time upon another occurrence

;25 of component exhaustion after the components have been



setting .sequence nunbers of the conponent 5 repl acement positions
based on their distances fromthe conponent suckup position; setting
seqguence NWOBEIss12  and conponent - replacenent directi onspPot/ypiworses Ng
conponent feeding tables based on the set sequence nunbers of the -
conponent 10 repl acenent positions; setting sequence nunber s
and conponent - repl acenent directions of the using conponent feeding
tabl es based on the set sequence nunbers of the conponent repl acenent
positions; and 15 novi ng thez; conponent-exhausted
conponent feeding table to the determ ned conponent replacement position
in th component-replacement direction thereof. According to a sixth aspect
of the present inephéndahedhend ifedprovitted conmmanensudlessi pos 81 dRdorle
as defined in the fifth aspect, wherein in setting the
again. Then, when 1l-paced component feeding table has
exhausted, the 1l-placed component feeding table is moved
to the 1l-placed component replacement position adjacent
5 to the positibn 510 for replenishing components thereon
while the 2-placed component feeding table is moved to
the component suckup position for sequential component
mounting operation under the component mounting program
as shown in the state 502.

10 In the similar manner, the 2-placed component
feeding table is located at the component suckup position
and then moved to the compohent replacement position when
has exhausted while the 3-placed component feeding table
is moved to the component suckup positién and the

15 componént—replacement ‘direction data of the 3-placed
component feeding table moved to the component suckup
position is reversed as shown in the states 503 and 504.
Then, the 3-placed component feeding table has exhausted,
the 3-placed table is moved to the 3-placed component

20 replacement position for replenishing components thereon
while the 2-placed and component-replenished component
feeding table is moved to the component suckup position.
In such a manner, the 2-placed and 1-placed and

component-replenished component feeding tables are

25 sequentially moved to the component suckup position and



sequence nunbers and conponent-repl acenent directions of t usi ng
conponent feeding tables based on the set sequence nunbers of the

conponent., ngaﬁgnent‘positions, t he sequence nunbers of tgg?&gﬁaﬁgﬁ?h he

feedi ng tabl'es afe 25 determned in ascending order

same 13 direction as that in which the sequence nunbers of the conponent
repl acenent positions have been set and the conponent replacenent
direction of the conponent feeding table is determned in a direction
opposite to the 5 ascendi ng-order direction in which the sequence
nunbers of the conponent replacenent posi??ons have been set, and in
setting the sequence nunbers and conponent- replacenent directions of

the using Cor’rggggntthef egc—“pa%ced and 1l-placed component xreplenishment

positions in a manner opposite to the above manner.
Then, the O-placed and component-replenished component
feeding table is moved to the component suckup position
5 and the component-replacement direction data of the 3-
placed component feeding table moved to the component
suckup position is reversed as shown in the state 500.
Then, when the O-placed component feeding table has
exhausted, the O-placed table is moved toc the component
10 replacement position 510 as described above. Then, the
above mannexr is repeated under the program.
In order to perform the operations, the
component feeding. apparatus comprises the control unit
41 . The control unit 41 comprises a first part for
15 setting sequence numbers of the component replacement
positions 105-110; a second part for setting sequence
numbers and component-replacement directions of the using
component feeding tables 101-104; a third part for
determining a component replacement position £for the
20 component -exhausted component feeding table; and a fourth
part for controlling to move the component-exhausted
component feeding table to the determined component
replacement position.
The first part is performed to set sequence

25 numbers of the component replacement positions 105-110



tabl.es, .the conmponent replacenent position for the 10
conponent - exhaust ed conponent feeding table is assigned a conponent
repl acenent we#39683n havi ng t he sanme sequence nunber as the sBGUEPRIOIMWENDer

of the conponent feeding table arched out in the same direction as
t he conponent-repl acenent direction of the conponent feeding 15 tabl e.
Wth the above arrangenent, conponents can be replenished wthout

interrupting the production upon conponent exhaustion, by noving a
conponent feeding table that is not in the ca@mponent suckup position
necessarily 20 to any one of the conmponent replacenent
positions regardl ess of the conbination of conponent feeding tables. Wth
t he above net hdeohsedhern athebnpoddatantesdi figomabltdhehasamprmesited suckup
conponent s, conponents can be 25 repl enished w thout interrupting
t he producticanQﬁkFFOn 111 by utilizing information inputted by an
operator with an input device 42 such as a keyboard or a
mouse oOr info:mation read from a memory or a recording
5 medium such as a CD-ROM. The second part is performed to
set sequence numbers and component-replacement directions
of the using component feeding tables 101-104 based on
the set sequence numbefs of the component replacement
positions 105-110 by utilizing information inputted by
10 the operator with the input device 42 or information read
from the memory or the recording medium. The fourth part
is performed to detexrmine, upon occurrence of component
exhaustion of the cohponent feeding table, a compconent
replacement position for the component -exhausted
15 component feeding table based on the set sequence numbers
and component-replacement directions of the - component
feeding tables. The fourth part is performed to control
to move the component-exhausted component feeding table
to the determined compbnent replacement position in the
20 component ~replacement direction thereof. In the second
part for setting the sequence numbers and component-
replacement directions of the wusing component feeding
tables based on the set sequence numbers of the component

replacement positions, the sequence numbers of the

25 component feeding tables are dJdetermined in ascending
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conponent exhausti on, by pronptly determning the conponent

repl ace ition for t he exhaust ed conponent f ' e and
novi ng {Tg‘gbﬁgﬁg‘ig?fponent replacing work. 5 I %%ggg%t .1%]% t he
sequence nunbers of conponent repl acenent positions are set, for exanple,

by a function as shown as one exanple in Fig. 3. In addition, the
sequence numbers and conponent-repl acenent directions of the plurality of
conponent feeding tables are set, for 10 exanple, by a function as

shown as one exanple in Fig. 4, while th&4onponent replacenment position
for an exhausted conponent feeding table is determ ned, for exanple, by a

order from 0 in the same direction as that in which the
sequence numbers of the component replacement positions
have been set and the comp§nent replacement direction of
the component feeding table is determined in a direction
5 opposite to the ascending-order direction in which the
sequence numbers of the component replacement positions
have been set, and in the second part for setting the
sequence numbers and component-replacement directions of
the using component feeding tables, the component
10 replacement position for the component -exhausted
component feeding table is assigned a component
replacement position having the same sequence number as
the sequence number of the component feeding table
searched out in the same direction as the component-

15 replacement direction-of the component feeding table.

The above operation will be effected each time
component exhaustion occurs. Thus, by replenishing
components to the component feeding table that is in the
component replacement position upon component exhaustion

20 in turns at the component replacement position, the
equipment is enabled to run for long time without
lowering the equipment productivity.

Although the above embodiment has been
described by way of example on a case where four

25 component feeding tables are involved, the component

.7



function .as shown as one exanple in Fig. 5. BRI EF DESCRI PTI ON OF DRAW NGS
15 These - and other aspects and features of the present

i nvention wWiYP2H3¥?%e clear fromthe foll owing description taREAIPHI01308
conjunction with the preferred enbodi nents thereof with reference to the
acconpanyi ng draw ngs, in which: 20 Fig. 1 is a schematic
view showi ng the arrangenent of the conponent feedi ng apparatus according
to an enbodi nrent of the present invention; Fig. 2 is a flow chart show ng

t he conponent feeding nethod of the enbodi met ; WO 97/ 39612

PCT/ JP97/ 01308 Fig. 3 is an explanatory view of setting the

feeding apparatus can produce similar effects with a
similar concept only if the component feeding apparatus
has three or more component feeding tables.

A component feeding method, as well as an
S apparatus therefor, which show another embodiment
different from the foregoing embodiment, are explained

below with reference to the accompanying drawings.
Fig. 6 shows the wusing component feeding
apparatus of a modification example of the pfesent
10 invention, where the component feeding method of the
present embodiment is applied to operation in which part
of the component feeding tables are used. This is a case
where only component feeding tables 601 and 602 are used
for production by the equipment, and component feeding
15 tables 603 and 604 are not used for production by the
equipment. Since the number of component feeding tables
is two, it can be seen from Equation 1 that the necessary
number of component replacement positions is two.
Therefore, only two out of the component replacement
20 positions shown in an operational state 600 of Fig. 6 are
used. In terms .of the arrangement of the component
feeding apparatus in this embodiment, the component
feeding tables and the component replacement positions in
the component feed section are discussed on line as shown

25 in Figs. 3 and 4, and their positional relationship is

M ..



sequence nunbers of the conponent replacenent positions in the enbodi nent;
Fig. 4 is an explanatory view of setting the 5 sequence nunbers “and

conponent wEelRgHENt direction on the conponent feeding t | e
enbodi nent; Fig. 5 is an explanatory view of the conponentth%ﬁ»%£h$§

repl acenent - posi tion decision function in the enbodinent; Fig. 6 is an
expl anatory view of the conponent 10 feedi ng nethod according to an
anot her enbodi nent of the present invention; Fig. 7 is a schemtic
view showi ng the arrangenent of a conpqgnent feedi ng apparatus according
to the prior art; 15 Fi g. #9s an expl anatory view of a
conponent feeding nethod according to the prior art; and Fig. 9 is an

explanatory Wdaw of; gRother 5agRRERE" LaeRLBY BBLEeYoRCCE1T! REcbepbigaPT ! Of
therebetween. This gives rise to a need of neglecting
component replacement positions 606 and 607 as excess
component replacement positions. The result is that the
5 component feeding apparatus of this embodiment is applied
with the component replacement positions provided as two,
605 and 608.
In an application of the component feeding
apparatus of this embodiment to the operational mode of
10 Fig. 6 with the assumptions as shown above, upon an
occurrence of component exhaustion in the operational
state 600, the component feeding table 601 moves to the
component replacement position 605 (shown by operational
state 610). Then, the production is continued with the
15 component feeding table 602. When the component feeding
table 602 comes to component exhaustion, the apparatus
comes to an operational state 620. At this time point,
if the component feeding table 601 has completed the
component replenishment, the production can be continued
20 without interruption.

As shown aﬁove, it can be understood that,
whereas the production would Dbe interrupted upon
component exhaustion of the component feeding table 601
with the conventional component feeding apparatus (see

25 Fig. 9), the production can be continued without

i
i
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BEST MODE FOR CARRYI NG QUT THE | NVENTI ON 20 Before the
description of the present invention proceeds, it is to be noted that Iike
parts are dwsigmaérrd by |ike reference nuneral s throughout theCEIrRGOIBB8YI Ng
dr awi ngs. WD 97/ 39612
PCT/ JP97/ 01308 16 Herei nbel ow, a conponent feeding nethod and a conponent
f eedi ng apparatus, which show an enbodi nent of the present invention, are
explained in detail with reference to the acconpanying drawi ngs. 5
Fig. 1 schematically shows production equi pgrent in which the conponent
feedi ng apparatus of the present enbodinent 1is incorporated. The
conponent feedi ng

interruption according to the component feeding method of

this embodiment.
As described hereinabove, according to the
present invention, components can be replenished without
5 interrupting the production upon component exhaustion, by
moving a component feeding table that is not in the
component suckup position necessarily to any one of the
component replacement positions regardless of the
combination of component feeding tables.

10 Also, when a component feeding table has
exhausted components, components can be replenished
without interrupting the production upon component
exhaustion, by promptly determining the component
replacement position for the exhausted component feeding

15 table and moving to the component replacing work.

Therefore, interruption of production wupon
component exhaustion can be eliminated as much as
poesible without limiting the combination of component
feeding tables provided to a plural number of gquantity,

20 so that the equipment productivity can be improved.

In the embodiments, the component feeding
tables of the same number, for example, a number of {(the
total number of the using component feeding tables - 1)
are preferably disposed at each of both sides of the

25 composition suckup position.

dhean .



apparatus has four conponent feeding tables 101, 102, 103, 104, and has
conponent replacenent positions 105, 10 106, 107, 108, 109, -110
for occurrence of conponent exhausti on. Like this, in the case of the
productioﬁ“ﬁﬁﬁ%ﬁﬁent with this arrangenment, the nunber of J&HBAEM08

repl acenent positions is six according to Equation 1: (total nunber of
conponent feeding tables - 1) x 2 (which 15 Is referred to as Equation
1), based on that the total number of conponent feeding tables is
four. Thi s arrangenent enabl es any cogggnent feeding table out of a
conponent suckup position 111 to be nece rily located at any one of the
conponent replacenent positions 105 to 20 110. In Fig. 1, reference

?uneral 45 denotes a r&&gry hefd ngﬁkgﬁﬁggﬁ%iragit of suction _heads each

or sucking a conponent &t TREIEBmILh uPEpoStt TRl 1 PPPIG CEEAGes a

ggﬁ%?i ;8 \(,;\Q;Da %E B?ﬁ%gﬁ&g@@g@%{ge%aﬁgngggn %%’enger}ﬁgpeficaatcioo son (r)lt 8-
11555 filed on Janﬁary 26, 19%6, and No. 8-11641 filed on
January 26, 1996) and Japanese Patent Application No. 8-

5 95771 filed on April 18, 1996, including specifications,
claims, drawings, and summaries are incorporated herein
by reference in its entirety. An example of the
component mounting apparatus to which the present
invention can be applied is disclosed in the

10 International application and the Japanese Patent
Applications No. 8-11555 filed on January 26, 1996, and
No. 8-11641 filed on January 26, 1996 incorporated herein

by reference in its entirety.
Although the present invention has been fully
15 described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it
is to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the

20 scope of the present invention as defined by the appended

claims unless they depart therefrom.

3‘\:'?.\:«.\“ .-




25 | guide rail for guiding the conponent feeding tables each WO

97/ 39612 PCT/ JP97/ 01308 17 having a
drive devi cevdemsseeci procal |y noving on the guide rail, 41 deciEseiscs
control unit of the conmponent nounting apparatus 47 connected to and
driving the rotary head 45, all of the conponent feedlng tables and etc., 5
and 42 denotes an input dEV|ce ‘Fig. 2is a flow ch
conponent feedi nmm&éflﬁ%é%g 5,4€mbodi ment . Referr%&‘ﬁob*ﬁ H"}é %IEW

r—l-

t he nunber of co ment positiong rel atlve t o RER A‘?ﬂﬁﬁrber f 10
conponent feeding umw ﬂused for production i s—previously
cal cul ated. This allow all the
' CLAIMS
1. A component feeding apparatus comprising three

or more component feeding tables arrayed on a straight
line on a base which are replenished with components at
5 component replacement positions, the ~ component
replacement positions being disposed, relative to a
component suckup position provided at one place on the
base, to a number of a number determined based on a total
number of the using tables of the component feeding
10 tables, the number of component replacement positions
being expressed as (the total number of the using
component feeding tables - 1) x 2.
2. A component feeding apparatus as defined
in Claim 1, wherxein the component replacement positions
15 of a number of (the total number of the using component
feeding tables - 1) are disposed at each of both sides of
the composition sucku? position.
3. A component feeding apparatus as defined
‘in Claim 1, further comprising a control unit comprises
20 parts for:
setting sequence numbers of the component
replacement positions based on their distances from the

component suckup position;

* C L M S *



conponent feeding tables to effectively function at all tines in the
conponent feedi ng apparatus and conponent feeding nethod of this enbodi nent

even when_out of use in 15 iﬂggm&@ﬁy@%hg acedl t IS esseptial that the
total nu g)r&(#s’@orrponent f eedi ng@} sed in the B:IT HEoH %,

wel | as the nunber of conponent r tlons satisfy the functlon
shown in Equation 1. Fbreinbelom/ I ment, a case is explained
in which all the 20 conmponent feedlng tables are used for the
producti:on as shown in Fig. 1. Furt her the setting of sequence
nunbers of the conponent replacenent p05|§¢ons the setting of sequence
nunbers and conponent -repl acenent direction on the conponent feeding tables

are determ ned VO 97/ %912 b
PCT/ JP97/ 01308 ing sequence numbers and component -

replacement directions of the using component feeding
tables based on the set sequence numbers of the component
replacement positions;

5 determining, upon occurrence of component
exhaustion of the component feeding table, a component
replacement pogition for the component -exhausted
component feeding table based on the set seguence numbers
and component-replacement directions of the component

10 feeding tables; and

' controlling to move the component-exhausted
component feeding table to the determined component
replacement position in the component-replacement
direction thereof.

15 4. A component feeding apparatus as defined
in Claim 3, wherein in the part for setting the seguence
numbers and component—replacemént directions of the using
component feeding tables _based on the set sequence
numbers of the component feplacement positions, the

20 . sequence numbers of the component feeding tables are
determined in ascending .order from 0 in the same
direction as that in which the sequence numbers of the
component replacement positions have been set and the
component replacement direction of the component feeding

25 table is determined in a direction opposite to the

THIS SHEET HAS BEEN
REPLACED -
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18 by functions shown in Figs. 3 and 4, respectively (step #201) Fig. 3
gives a sinplified explanation of the functlon for inplenmenting the setting

of sequenceVAPIBeN3 5  This ekt HABLORBARANT T epl acenent posi tRGHFITNIEE e
exanpl es of the settlng o ers are shown. The setting of
sequence nunbers on u HM‘B repl acenent positions is
acconpl i shed by nunberlng

r epl acenent Buc§t$mgﬁ I gﬁg@ di ng

order fromO in 10 sequence with the conmponent gﬁgﬁ@kb aken
as the start point, and by nunbering the rest of thelconp epl acenment
positions in ascendl ng order fromO in the opposite di rection to the
conponent suckup position. As exanples of the setting of sequence nunbers
on the 15 senpodang - p@éb-aceimctpmmtnansvhlqrhetbeaﬁ@qsnm cagelsers

where the nunber of conponent repl acenent positions is
of the component replacement positions have been set, and

in the part for setting the sequence numbers and
component-replacement directions of the using component

5 feeding tables, the component replacement position for
ﬁhe component -exhausted component feeding table is
assigned a component replaéement position having the same
sequence number as the sequence number of the component

feeding table searched out in the same direction as the

10 component -replacement direction of the component feeding
table.
5. A component feeding method wusing a

component feeding apparaﬁus comprising three or more
component feeding tables arrayed on a straight line on a

15 base which are replenished with components at component
replacement positions, .the component replacement
positions being disposed, relative to a component suckup
position provided at one place on the base, to a number
of a number determined based on a total number of the

20. using tables of the component feeding tables, the number
of component replacement positions being expressed as
(the total number of the using component feeding tables -
1) x 2,

the method comprising:

- AR )RR R



four, where t
3, ref erence

feeding table
sequence nunb
acconpl i shed

Fig. 4 gives a sinplified expl anat fggS e
sequence WMMYEP812and conponent - repl
S, where exanples ther

he nunber is six, and where the nunber is eight. In Fig.

character T denotes a conponent feeding table. 20 :
%don for setting the
on on t BET t

The setting
ers on the conponent feeding tables has been 25

by arraying the conponent feeding tables in WO 97/ 39612

of

PCT/ JP97/ 01308 19 a row and by nunbering themin ascending order from O,

with their physical direction identical t&2 hat of the conponent
repl acenent positions assigned in Fig. 3.

10

15

20

setting sequence numbers of the component
replacement positions based on their distances from the
component suckup position;

setting sequence numbers and component -
replacement directions of the using component feeding
tables based on the set sequence numbers of the component
replacement positions;

setting sequence numbers and component -
replacement directions of the using component feeding
tables based on the set sequence numbers of the component
replacement positions; and

moving the component -exhausted component
feeding table to the determined component replacement
position in the component-replacement direction thereof.

6. A component feeding method as defined in

Claim S, wherein in setting the sequence numbers and
component-}eplécement directions of the using component
feeding tabieé based on the set sequence numbers of the
component replacement positioné, the sequence numbers of
the component feeding tables are determined in ascending
order from 0 in the same direction as that in which the
sequence numbers of the component replacement positions

have been set and the component replacement direction of

the component feeding table is determined in a direction

opposite to the ascending-order direction in which the

THIS SHEET HAS BEEN
A, 0 A REPLACED




Meanwhi | e, the conponent-repl acenent direction of the 5 . conponent
feeding tables has been set by taking, as initial data, an order

opposi te towbemsmaendi ng order in whi chihisfbcet Hes BeencReplacstber s PEfT/IPOTIGOR Nt
feedi ng tables ‘are set. As exanples of se ence nunbers and
conponent -repl acenent direction on the co g 10 t abl es,
there are shown cases where the total nunber of conponent feeding tables is
three, four and five. In Fig. 4, reference character T denotes a
conponent feeding table. Wth these initial ggttings prepared prior to 15
the start of production by the equipnent, the production is started. After
wai ting for an occurrence of conponent exhaustion (step #202), when
conponent exhauskeaehae anmbersl, ofhelmonponpbheheedidil-ddrtihentS egoeN€Eons

nunber and conponent -repl acenent direction assigned to the exhausted 20
conponent feedi hgvet bilea sate agidven to a conponent-
in setting the sequence numbers and component-
replacement directions of the using component feeding
5 tables, the component replacement position for the
component -exhausted component feeding table is assigned a
component replacement position haviné the same sequence
number as the sequence number of the component feeding
table searched out in the same direction as the

10 component -replacement direction of the component feeding

table.
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repl acenent - posi ti on decision function fp, so that the conponent
repl acenment position to which the conponent feeding table should be noved:

i s determ negb bHisgp #203). The contents of this PCT/IP97/01308
wn

conponent - r epl acenent - positi on 25 decision function fp are” sho

in Fig. 5, where an WO 97/ 39612

PCT/ JP97/ 01308 20 exanpl e of decision contents is shown as well. In Fig.
5, for exanple, wupon an occurrence of,sgconponent exhaustion, if the
sequence nunber of the exhausted conponent feeding table is 0, i.e., if the
0-pl aced 5 conponent feeding table that has currently been in the

suckup position has exhausted as shown in a decision state 500, a conponent
repl acenent position 510 is given _
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102 104
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as the component replacenent position for the rel evant conponent feeding
table. 10 .Now t hat the conponent replacenent position to

whi ch the OVWoOawas1zonponent feeding table shoul d be noved hagchaesroisgs
determ ned as 5110, the exhausted 0-pl aced conponent feeding table is noved
to the position 510 for replenishing conponents thereon and a next 1-placed
15 conponent feeding table is noved to, the conponent suckup position
in the determ ned direction for sequentia?/%%nponent nounting operation
under a predeterm ned conponent nounting programas shown in the state
501 (step #204). ﬁgaﬁr, he conponent-repl acenent direction 20 dat a
of the 0-placed co et~ f eeding table noved to the conponent repl acenent
position 510 is reversed (step #205, decision state 501). This reversal is "
to nove the O-placed table to _a conponent replacenent position reverse to

that of the last time hpon anotherpeprUIERICR = orrng OF -

CALCULATING THE NUMBER OF COMPONENT
REPLACEMENT POSITIONS ; SETTING SEQUENCE
#201 NUMBERS ON COMPONENT REPLACEMENT
POSITIONS ; AND SETTING SEQUENCE NUMBERS
AND COMPONENT-REPLACEMENT DIRECTIONS

ON COMPONENT FEEDING TABLES

#202

COMPONENT EXHAUSTION
HAS OCCURRED ?

YES

GIVE THE SEQUENCE NUMBER
AND COMPONENT-REPLACEMENT DIRECTION
OF THE EXHAUSTED COMPONENT
#203 FEEDING TABLE TO
COMPONENT-REPLACEMENT-POSITION
DECISION FUNCTION fp

MOVE THE EXHAUSTED COMPONENT FEEDING
# 204 TABLE TO THE DETERMINED COMPONENT
REPLACEMENT POSITION

REVERSE THE COMPONENT-REPLACEMENT

#205 DIRECTION OF THE COMPONENT FEEDING
TABLE MOVED TO THE COMPONENT

REPLACEMENT POSITION

K
P

.



25 of conponent exhaustion after the conponents have been WO

97/ 39612 _ PCT/ JP97/ 01308 21
repIenishe@E@ng to the conponent suckup position once aggj n,
when 1-pace coﬁ%@%ent feedi ng tabl e has exhausted, the 1-plggggpﬁﬁﬁggnent
feeding table is noved to the 1-placed conponent replacenent position

adj acent 5 to the position 510 for replenishing conponents thereon
whil e the 2-placed conponent feeding tabl®%9s noved to the conponent suckup

position for %u?tigﬁl conponent nounting operation under the conponent
nmount i ng proﬁg S own in the state 502. 10 In the simlar

manner, the 2eHQWdTEBEINBEQUIEINGE: NIUMBERSCHEJ at the conponent
suckup positi on COMPONENT REPLACEMENT POSITIONS

NUMBERING FROM O NUMBERING FROM O
. o . >
9) 1 2 9 1 2 3

! 2 Z [ A\ i yi

L= ) S~L—"
COMPONENT COMPONENT COMPC%JEM
REPLACEMENT SUCKUP REPLACEMENT
POSITION POSITION POSITION
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and then noved to the conponent replacenent position when has exhausted
whi |l e the 3-placed conponent feeding table is noved to the conponent suckup
posi ti on andwolvs3déi2 conponent -repl acenent direction dateer/b7oishe
3-pl aced conmponent feeding table noved to the conponent suckup position is
reversed as shown in the states 503 and 504. Then, the 3-placed conponent
feedi ng tabl e has exhausted, the 3-placed E?ble I's noved to the 3-placed
conmponent 20 replacenent position f ord4 plenlshlng conponent s t hereon

while the 2- Ql_-a?qeé a% conponent - r epl eni shed conponent feeding table is
noved to the’cofii¥ne suckup position. In such a manner, the 2-placed and

scauentiai 1y TR 100 BE & oRERENGECH HELESES RS AR EOMPORERT - 2" ¢ 2

REPLACEMENT DIRECTION COMPONENT FEEDING TABLES

SEQUENCE NUMBER:
NUMBERED IN ASCENDING ORDER FROM O IN THE SAME

DIRECTION AS THE SEQUENCE NUMBERS OF THE
COMPONENT REPLACEMENT POSITIONS

COMPONENT - REPLACEMENT DIRECTION:
SET IN A DIRECTION OPPOSITE TO THE ASCENDING-
ORDER DIRECTION OF THE NUMBERS
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WO 97/ 39612 PCT/ JP97/ 01308 22 then
the 2-placed and 1- pI aced conponent repleni shnment positions in a manner: -

opposite to+he ye nanner. Then, the 0-placed and conponenj | shed
conponent fee§| -ng tabl e is noved to the component suckup pos%‘l’@%ﬁmﬂg

and the conponent-repl acenent direction data of the 3- placed conponent
feeding table noved to the conponent sucg position is reversed as shown
in the state 500. Then, when the 0-placed conponent feeding table has
exhaust ed, EP@- -peaced table is noved to the conponent 10 repl acenent
position 51 crlbed above. Then, the above manner is repeated under
t he program or der he conponent

f eedi ng. appa WWT BEE&W%TTPQ&TIQN@E@@ION FHH@TM@ ol unit 41
conprises a first part £gT) §ARCH FOFEIA COMPONENTEREPLACENERT PCiTiDRe
conponent  repl acement HAVING THE SAME SEQUENCE NUMBER AS THAT OF THE
oo EXHAUSTED COMPONENT FEEDING TABLE IN THE SAME
= DIRECTION AS THAT OF THE COMPONENT-REPLACEMENT
DIRECTION (EXCLUDING ITS OWN POSITION)
(@) THE COMPONENT REPLACEMENT POSITION FOUND BY
THE SEARCH IS THE COMPONENT REPLACEMENT POSITION

TO WHICH THE EXHAUSTED COMPONENT FEEDING TABLE
SHOULD BE MOVED.

@ IF NOT FOUND, ANOTHER SEARCH IS MADE WITH THE
COMPONENT-REPLACEMENT DIRECTION REVERSED AND
THE FOUND POSITION IS THE COMPONENT REPLACEMENT

\. POSITION TO MOVE TO.

e EXAMPLE OF COMPONENT REPLACEMENT POSITION DECISION

- (NUMBER OF CONPONENT FEEDING TABLES=4

. SEQUENCE NUMBER © COMPONENT
ol1l2lo]l1l2!]3 REPLACEMENT POSITION
500 ol 11213 <—-SEQUENCE NUMBER OF COMPONENT
iy oy R R FEEDING TABLE
[~ COMPONENT-REPLACEMENT
- X =40 DIRECTION
i SEQUENCE NUMBER OF COMPONENT
ol1l2loj1]2]3 e REPLACEMENT POSITION
501 [ o 1 5 | 3 he— SEQUENCE NUMBER OF COMPONENT
- = = FEEDING TABLE
'~ COMPONENT-REPLACEMENT
- DIRECTION
i SEQUENCE NUMBER OF COMPONENT
ol1]l2tol1l2] 3k REPLACEMENT POSITION
502 | o | 1 ) 3k SEQUENCE NUMBER OF COMPONENT
g pare = m FEEDING TABLE
B —~ COMPONENT-REPLAGEMENT
3 SEQUENCE NUMBER OF COMPONENT
ol1l2lo0l1l2]3 REPLACEMENT POSITION
503l [0l 41121 3 ﬂ—-—SEQUENCE NUMBER OF COMPONENT
e B e e FEEDING TABLE
COMPONENT- REPLACEMENT
— DIRECTIO
: - _ SEQUENCE NUMBER OF COMPONENT
ol1l21lo0l1l2!3 REPLACEMENT POSITION
“ 504 ol 11213 <—-—-SEQUENCE NUMBER OF COMPONENT
ST TS T FEEDING TABLE
COMPONENT-REPLACEMENT
DIRECTION



posi tions ,105-110; a second part for setting sequence nunbers and
conponent -repl acenent directions of the using conponent feeding tables
101-104; a thAV@A7peI2 for determ ning a conmponent repl acenment posisbeMyIadsor
t he 20 conponent - exhaust ed conponent feeding table; and a fourth part
for controlling to nove the conponent-exhausted conponent feeding table to
the determ ned conponent replacenent positign. The first part is perforned
to set sequence 25 nunbers of the coﬁ%g ent replacenent positions
105-110 WO 97/ 39612

PCT/ JP97/ 01308 23 based on their distances fromthe conponent suckup
osition 111 b ti,lizing information inputted by an

p %FU /g é} p y

_ 60t 602 603 604

620/ o 1 D Ve

608

B . .



operator with an input device 42 such as a keyboard or a nouse or
|nfornat|on read froma nmenory or a recording 5 medi um such as a.

CD- ROM ? GRRNaPart is performed to set sequence nunbers ﬁ&ﬁ
conponent-rep acenent directions of the using conponent feedlﬁ‘gT foros
101- 104 based on the set sequence nunbers of the conponent repl acenent
positions 105-110 by utilizing information inputted by 10 t he operator
with the input device 42 or information r&8 fromthe nenory or the
recording nmedium The fourth part is perfornmed to determ ne, upon
occurrence of conponent exhaustion of the conponent feeding table, a
conponent repl acenent position for t he conponent - exhaust ed 15
conponent feeding table based on the set sequence nunbers and
conponent -repl acenent directions of the conmponent feeding tables. The
fourth part is perforned to control to nove the conponent-exhausted
conponent feeding table to the determ ned conponent replacenent position in
t he

Frg 7

702 704

701 703
1 _H_H_H D
{ 707 708

By . e

i



20 . ., conponent-replacenent direction thereof. In the second part for
setting the sequence nunbers and conponent- replacenent directions of the
usi ng conpoRrgplorkensi ng tabl es based on the set sequence nunbg,rgﬁ_”% t he
conponent repl acenent positions, the sequence nunbers of the 7101308
conponent feeding tables are determned in ascending WO 97/ 39612
PCT/ JP97/ 01308 24 order fromO in the sane direction as that in which the
sequence numbers of the conponent replaceB® positions have been set and
t he conponent ;‘e%l acenent direction of the conponent feeding table is

determned in i['eg,tiﬁ 5 opposite to the ascendi ng-order direction
I n which the sequence nunbers of the conponent replacenent positions
~ 801 802 803 804
)/
800( | H. L
k | O |
- 801 802 803 804
’/ / ) 4 i/
810< E _____ e ) ’,—‘-\‘: r_-___..'_-_-_.']
ras
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have been set, and in the second part for setting the sequence nunbers and
conponent -repl acenent directions of the using conponent feeding tables; -the
conponent 10 r epl acenent position for t he conponent - exhaust ed
conponent WPSZEPHE table is assigned a conponent repl BETABH{D1308
position having the sanme sequence nunber as the sequence nunber of the
conponent feeding table searched out in the sane direction as the

conmponent - 15 repl acenment directiongpfothe conponent feeding table
The above operation will be effected each tinme conmponent exhaustion
occurs. Thus, by replenishing conponents to the conponent feeding

table that is in the conponent replacenent position upon conponent

exhaustion 20 i&h tegyns at the conponent replacenent position,
t he equi pnent igcéﬁ edto run for long tine without |owering the
equi pnment productivity. Although t he above enbodi nment has been
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descri bed by way of exanple on a case where four 25 conponent feeding
tables are involved, the conponent VWO 97/ 39612

-PCT/ JP97/ 01308 EST At /Y 3bar at us can phdtfifcke simi lfarad@ddt 4%t h a
sinmilar conceptMariyshitd el &«dpidhent feedi ng apparatus has three or nore
conponent feeding tables. A conponent feeding nethod, as well as an 5
apparatus therefor, whi ch show another enbodinent different fromthe
f oregoi ng enbodi ment, are explained below with reference to the
acconpanyi ng drawi ngs. Fig. 6 shows the using conponent feeding apparatus
of a nodification exanple of the present 10 i nvention, where the
conponent feeding nethod of the :

DESCRIPTION Terere
COMPONENT FEEDING METHOD AND APPARATUS THEREFOR ss
TECENICAL FIELD :”‘“

The present invention relates to a component

feeding method, as well as an apparatus therefcr, for

wm

feeding components, which are to be mounted on boards, at
their mounting positions in an electronic component

mounting machine.

BACKGROUND ART
10 Component feeding apraratus in eléctronic
component mounting machines are provided 1in several
types, such as taping-ccmpatible, tray-compatible or
stick-compatible types depending on the style of packing
of electronic cocmponents. Among others, the taping-
- 15 compatible type component feeding apparatuses are capable
of feeding electronic components with high speed and in a
wide variety of component typeé, so that they are widely
used particularly in high-speed, high-production type
mounting machines out of electronic component mounting

20 machines.

Some of the compcnent feeding apparatuses used

in high-speed, high-production type mounting machines are



present enbodinent is applied to operation in which part of the conponent
feeding tables are used. This is a case where only conponent feeding tables
601 and 602 are used for production by the equi pnent, and conponent feeding

15 tabl es 603 and 604 are not used for production by the equipnent.

Since the nunber of conponent feeding tables is two, it can be seen from
Equation 1 that the necessary nunber of conponent replacenent positions is
two. Therefore, only two out of the component replacenent 20 positions
shown in an operational state 600 of Fig. 6 are used. In ternms of the
arrangenment of the conmponent feeding apparatus in this enbodi nent, the
conponent feeding tables and the conponent replacenent positions in the “°0:°
conponent feed section are discussed old1ine as shown 25 in Figs. 3 ....i,
and 4, and their positional relationshipis

equipped wit_h a plurality of component feeding tables. :"“3

US-A-5 208 969 discloses an electronic components feeding device comprising a .
plurality of tables where feeders of the electronic components are placed, a base AN
where these tables are placed, a first feeding means for moving the tables in lateral EEES
direction along which the tables are arranged in a feeding area at central part of el
the base in order to stop the feeders at pickup position of pick-and-place heads, »
and a second feeding means for moving the tables between retreat areas on the HE
sides of the base and the feeding area. JheLe

A further example of the construction of a conventional component feeding
apparatus is shown in figure 7.

AMENDED Steer



WD 97/ 39612 PCT/ JP97/ 01308 26 set

with a conponent suckup position QL interposed therebetween. This gives

rise to a need of neglecting conmponent replacenent positions 606 and 607 as
excess conponent replacenent positions. The result is that the 5

conponent feeding apparatus of this enbodinment is applied with the

conponent replacenent positions provided as two, 605 and 608. In an
application of the conponent feeding apparatus of this enbodi nent to the
operational node of 10 Fig. 6 with the assunptions as shown above,

upon an occurrence of conponent exhaustion Pn the operational state 600,

t he conponent feeding table 601 noves to the conmponent replacenent positioh**:*
605 (shown by Pcergtio al .state 610 Then, _.the production is contjnued ,,,.:,
with the | EETEERPPeS R ey IR ee ; g

il o) ot = 11) A Y P2 py :
-—s = )3 - LRl ey e ) LA a——

An example of the arrangemenet—of~Such a component feeding

3 .
. - ssvs
ettt Eoym—nfieynriie T . X
»
3

Referring to the individual functional parts in

bR
’
®

5 the example of Fig. 7, a plurality of component feeding
tables 701 to 704 each have a driving motor incorporated

therein cne by one, so that the component feeding tables "t

e
oo

are enabled to operate independently of one another.

Each of compcnents placed on each component feeding table

10 is positioned to a component suckup position 705, and fed
from the component feeding table to the mounting machine.

As for the component replacement position where

electronic components are replenished upon exhaustion of

the electrcenic components on the component feeding table,

15 there are arranged a component replacement position 705
for the component feeding table 701, a component
replacement pcsition. 706 for the component feeding table

702, a component replacement position 707 for the
component feeding table 703, and a component replacement

20 position 708 for the component feeding table 704. When
any of the component feeding tables have exhausted
components, the compoﬁeﬁt feeding table has to move ﬁo

its specified component replacement position. Whereas

the example of Fig. 7 is shown in a case where the number

25 of motors is the same as that of the component feeding

AVEARES ~
WicMDED SHEET



15 conponent feeding table 602. Wen the conponent feeding table 602
cones to conponent exhaustion, the apparatus cones to an operational state
+620. At this time point, if the conponent feeding table 601 has conpl eted
t he conponent repl enishnment, the production can be continued 20

wi t hout interruption. As shown above, it can be understood that, whereas
the production would be interrupted upon conponent exhaustlon of the
conponent feeding table 601 with the conventi onal conponent feeding
apparatus (see 25 Fig. 9), the production can be continued

wi t hout WD 97/ 39612

PCT/ JP97/ 01308 27 interruption accor di ng9 to the conponent feeding nethod of "

there is provided a component feeding apparatus comprising: ters

three or more component feeding tables which are repienished with components :
at component replacement positions; and

suction means for sucking a component at a component suckup position and
feeding it from a component feeding table to a board;

wherein

the component feeding tables are arranged in series on a straight line and movable
reciprocally along the straight line independently of one another,

at the straight line on both sides of the suckup position;

characterized in that

the number of the component replacement positions is [the total number of the
using component feeding tables -1] x 2; and

a nontrol unit is provided for controlling a cemponent-exhausted ccmponent
feeding table to be moved to a vacant component replacement position.

According to a second aspect of the present invention, there is provided a
component feeding method using the above-mentioned component feeding
apparatus, wherein the method comprises:

setting sequence numbers of the component replacement positions in accordance
with their distances from the component suckup position;

setting sequence numbers and component-replacement directions of the using
component feeding tables in accordance with the set sequence numbers of the
component replacement positions; and

moving the component-exhausted component feeding table to the determined
component replacement position in the component-replacement direction thereof.

Further advantageous embodiments of the present invention are defined in the
dependent claims.

H

[to be continued on page 13]
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the component suckup position is provided at the straight line, and T
the component replacement positions of the component feeding tables are provided .o



t-hi s, enbodi nent. As descri bed herei nabove, according to the present

I nvention, conponents can be replenished wthout 5 I nterrupting the
‘producti on upon conponent exhaustion, by noving a conponent: feeding table
that is not in the conponent suckup position necessarily to any one of the
conponent replacenent - positions regardless of the conbination of
conponent feeding tables. 10 Al so, when a conponent
feeding table has exhausted conponents, components can be repl eni shed
without interrupting the production upgy conponent exhaustion, by
pronptly determning the conponent replacenent position for the

exhausted conponent feeding 15 tabl e and noving to the conponent e
repl aci ng wor k sIherefores - L0 pieBL. ofu o praduction o heon cogpogent, - -
exhaustion cah be elimnated as nuch as "possi bl e Wit hout limting the

conbi nation of ffEHEHY replacement positions have been set and the

. L)
3

L 4
comporent replacement direction of the componentfeeding ‘..
3

s
3

2 s .
LR N

table is determined in a direction opgrogfte to the

5 ascending-order direction in which the #equence numbers

cf the component replacement positiopd have been set, and

in setting the segquence umbers and component- . .'7,

replacement directions of e using component feeding:"’,

.
tables, the component Areplacement position for the

10 component -exhausted eOmponent feeding table is assigned a
component replag€ment pcsition having the same sequence
number as e sequence number of the component £eeding

arched out 1n the same direction as the

nent-replacement direction of the component feeding

Lo Hee above
With MRisy arrangement, components can be
replenished Qithout interrupting the producticn upon
component exhaustion, by moving a component feeding table
that is not in the component suckup position necessarily
290 to any one of the component replacement positions
regardless of the combination of component feeding

; tables. He aéovz |

With fe+= method, when a component feeding
table has exhausted components, components can be
25 replenished without interrupting the production upon

M”:' [ alias -
WYeba: ., .
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New claims

1. A component feeding apparatus comprising:

three or more component feeding tables (101 to 104; 601 to 604) which are

replenished with components at component replacement positions {105 to 110;

605 to 608); and

suction means {45) for sucking a component at a compenent suckup position (111;

Q1) and feeding it from a component feeding table {101 to 104; 601 to 604) to a

board (46);

wherein _

the component feeding tables {101 to 104; 601 to 604) are arranged in series on -

a straight line and movable reciprocally along the straight line independently of one

another,

the component suckup position (111; Q1) is provided at the straight line, and

the component replacement positions {105 te 110; 605 to 608) of the component
. feeding tables (101 to 104; 601 to 604) are provided at the straight line on both

sides of the suckup position {1 11; Q1); :

characterized in that '

the number of the component replacement positions (105 to 110; 805 to 608} is

[the total number of the using component feeding tables -1] x 2; and

a control unit (41) is provided for controlling a component-exhausted component

feeding table to be moved to a vacant component replacement position.
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clainms, draw ngs, and summaries are incorporated herein by reference in

It3 entirety. An exanple of the conponent nobunting apparatus to
which the present invention can be appl i ed is disclosed in
the 10 International . applicati-oh- and the Japanese Patent

Applications No. 8-11555 filed on January 26, 1996, and No. 8-11641 filed
on January 26, 1996 incorporated herein by reference in its entirety.

Al t hough the present invention has been fully 15 described in
connection with the preferred enbodi nents thereof with reference to the
acconpanyizig dresamigment fedding appneatnstae defined incleimoliswberginges campo-

nmodi fi cat ineRE réi&caigapRRitichd (10936 1SI0; |8050td 608hef arnumbeSuclmhehames and..!.

modi f i cat 'n%ﬁﬁ)ﬁse?ttlﬂé;Hgﬁ tegﬁgfo%gpgee@ﬁh'&%ielgdweégagb&ehhﬁ B of hor§eope_of

:P\grg; rezrenntd es bf the composmon suckup positio ¢ append alr s untess t ey depart

3. The apparatus as defined in claim 1, wherein the control unit (41) is further

provided for L

setting sequence numbers of the component replacement positions (105 to 110;
605 to 608} in accordance with their distances from the component suckup
position {111; Q1);

setting sequence numbers and component-replacement directions of the using

component feeding tables {101 to 104; 601 to 604} in accordance with the set

sequence numbers of the component replacement positions {105 to 110; 605 to ,
608); **
determining, upon occurrence of component exhaustion of a component feeding

table, acomponent replacement position for the component-exhausted component

feeding table in accordance with the set sequence numbers and component-
replacement directions of the component feeding tables {101 to 104, 601 to 604);

and S

controlling to move the component-exhausted 'component feeding table to the
determined component replacement pasition in the component-replacement direc-

tion thereof.

4, The apparatus as defined in claim 3, wherein the control unit {41) is pro-
vided for determining the sequence numbers of the component feeding tables in
ascending order from O in the same direction as that in which the sequence num-
bers of the component replacement positions have been set, and the component
replacement direction of the component feeding table in a direction opposite to the
ascending-order direction in which the sequence numbers of the component
replacement positions have been set, when setting the sequence numbers and
component-replacement directions of the using component feeding tables in
accordance with the set sequence numbers of the component replacement posi-
tions, and for assigning the component replacement position for the component-
exhausted component feeding table to a component replacement position having
the same sequence number as the sequence number of the component feeding
table searched out in the same direction as the component-replacement direction
of the component feeding table, when setting the sequence numbers and compo-
nent-repiacement directions of the using component feeding tables.

(O cever e
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corrpénent f eedi hg apparatus conprising: three or nore conponent feeding
tables (101 to 104; 601 to 604) which are replenished with conponents at
conponent replacement positions (105 to3110); 605 to 608); and suction

Substitute sheet - 8 Cctober 1998 CLAI M5 1. A

means (45) for 'sucking a conponent at a conponent suckup position (111; Q)
and feeding it froma conponent feeding table (101 to 104; 601 to 604) to a

board (46);

are arranged in series on a straight

wherein the conponent feeding tables (101 to 104; 601 to 604)
| ine and novabl e reciprocally al ong

the straigh®. | i nkcomdepandeediny methasiusingnatdrepqnenh eadingranpe ratus axdong
posi tion (1lihg;to@hyohé optite pdeddiag dididsstHeamgtiod comprising:

setting sequence numbers of the component replacement positions (105 to 110;
605 to 608) in accordance with their distances from the component suckup
position (111; Q1});

setting sequence numbers and component-replacement directions of the using
component feeding tables in accordance with the set sequence numbers of the
component replacement positions (105 to 110; 605 to 608); and

moving the component-exhausted component feeding table to the determined
component replacement position in the component-replacement direction thereof.

6. The method as defined in claim 5, wherein, in setting the sequence numbers
and component-replacement directions of the using component feeding tables in
accordance with the set sequence numbers of the component replacement posi-
tions, the sequence numbers of the component feeding tables are determined in
ascending order from O in the same direction as that in whieh the sequence num-
bers of the component replacement positions have been set and the component
replacement direction of the component feeding table is determined in a direction
opposite to the ascending-order direction in which the seauence numbers of the
component replacement pgsitions have been set, and,

in setting the sequence numbers and component-replacement directions of the
using component feeding tables, the component replacement position for the
component-exhausted component feeding table is assigned a component replace-
ment position having the same sequence number as the sequence number of the
component feeding table searched out in the same direction as the component-
replacement direction of the component feeding table.
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| ine, and the conponent replacenent positions (105 to 110; G%Qé%é)@f
the conponent feeding tables (101 to 104; 601 to 604) are provided /@4¢he

straight line on both sides of the sucégp position (111,
in that the nunber of the conponent repMacenment positions
to 608) at both sides of the suckup position (111; QL) nus
nunber of the conponent feeding tabl&g Hég and a control
provi ded for controlling a conponent* RIM&s

char a

UissRRE §
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terized
g8t 605

Qrtopend 99 al

unit (41)

be noved to a vacant conponent replacenment position. -2- 2. A
conmponent teedi Afappanent teedingiapparédus ROBINISIAGE, wherei n the conpo- nent
repl acenment positions (105 to 110; 605 to 608) of a nunber of [the total
nunber of the udireg oromoos compeaettngetialy esbled [(161 etodil OdoGON ad 804)h of

bot h

S

ted conponent feeding table to

which are replenished with components at component replacement positions

(105 to 110); 605 to 608); and

suction means {45) for sucking a component at a component suckup

position (111; Q1) and feeding it from a component feeding table (101 to

104; 601 to 604) to a board (46);

wherein

the component feeding tables (101 to 104; 801 to 604) are arranged

in series on a straight line and movable reciprocally along the straight line

independently of one another,

the component suckup position (111; Q1) is provided at the straight

line, and the component replacement positions {105 to 110; 605 to 608) of

the component feeding tables (101 to 104; 601 to 604) are provided at the

straight line on both sides of the suckup position (111; Q1);

characterized in that

the number of the component replacement positions (105 to 110; 605

to 608) at both sides of the suckup position (111; Q1) must be [the total

number of the component feeding tables -1]; and

a control unit (41) is provided for controlling a component-exhausted

component feeding table to be moved to a vacant component replacement

position.

REPLACEMENT SHEET

g OCT 1998 -
A B IR0 RRLRE




N E 7

sides of the conposition suckup position. 3. The appar at us eaned I n
claim1, wherein the control unit (41) is further provided for ﬁ ng
sequence numnbers of the conponent replacenent po i.'o 5 5to
608) in accordance with their distances fron1tﬁ%&§ghb %%%Qsdiﬁgé pé%? i on
(111 ; Q1); setting sequence nunbers and conponent-repl acenent  directions
of the using conponent feeding tables (101 to 104; 601 to 604) in
accordance with the set sequence nunbegs of the conponent  repl acenent
positions (105 to 110; 605 to 608); deteérnining, upon occurrence of
conponent exhaustion of a conponent feeding table, a conponent replacenent
position for the conponent-exhausted conponent feeding tabl e in aceordance

componont T2 E %Ebfaegﬂ g ehipnent fospidPaa ﬁ‘@em d”ﬁff:ﬁnstgfnf)cg
the compoH¥RE 9k ﬁ§f’gﬁ’ 6’% g; ?agéeél‘ﬁéicﬁ'a?ﬁ?ée‘%%m é?"r‘ﬁ‘ff’éﬁgﬁ%rrponent

repl aceneat c@'ogpmrﬁrmpiac@ﬁ@nwﬁp@ﬂeﬁtandepl acenent di rec-
suction means for sucking a component at a component suckup position and

feeding it from a component feeding table to a board;

wherem

the component feednng tables are arranged in series on a straight line and movable
reciprocally along the straight line independently of one another,

the component suckup position is provided at the straight line, and

the component replacement positions of the component feeding tables are prov:ded
at the straight line on both sides of the suckup position;

characterized in that

the number of the component replacement positions at both sides
of the suckup position must be [the total number of the component
feeding tables -1]; and

a control unit is provided for controlling a component-exhausted
component feeding table to be moved to a vacant component
replacement position.

According to a second aspect of the present invention, there is provided a
component feeding' method using the above-mentioned component feeding
apparatus, wherein the method comprises:

setting sequence numbers of the component replacement positions in accordance
with their distances from the component suckup position;

setting sequence numbers and component-replacement directions of the using
component feeding tables in accordance with the set sequence numbers of the
component replacement positions; and

moving the component-exhausted component feeding table to the determined
component replacement position in the component-replacement direction thereof.

Further advantageous embodiments of the present invention are defined in the
dependent claims.
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tion thereof.’ﬁ{~—7gghe-a?paLaLus as defined in claim3, wherein the control

unit (41) is pREPLACEMENT o5HEfkler ni ning the sequence nunbers of the

conponent feefli pjg tables in asclendi ng order fr 0 jn the sa i reghj.on as
d i Reltinen 0Pt

that in which 1egq?qumg pum{.bers of the co Hute sheel % i ons
have been setj pn hé’é g%oaent repl acenent direction of the conponent

feeding tabl e} it odposite to the ascendi ng-order direction in
whi ch the sequence nunbers of tlhe conponent replacenent positions have been
set, when settlng 'nunbers and conponent -repl acenent directions

of the using conponent feeding tables i t3ccordance with the set sequence
nunbers of the conponent replacenent posi- tions, and for assigning the

conmponent re i .gjégnnpnlgg < ent_
feeding table to a co ahe reﬁfac, n po@ t havi t he €guence

nuber “as ¢ sse: el ol ohhe FomientLagd’ agabable seaLehlout

in the sane difrection as e conponent:-replacenent drre of

component | aeifigs (50Lea WHCBREC kN dcie RRNUARRR ML e 818N o8RERR:

nent -repl acenent directrons o e usl conmponen
replacement positions; '

—+

» Wb

5 _ determining, upon occurrence of component
| exhaustion of the component feeding table,/ a component
replacement position for the component -exhausted
component feeding table based on the sef sequence numbers
and component-replacement directio of the component

10 feeding tables; and

controlling to move /the component—e%hausted
component feeding table to/ the determined compdnent'
replacement position in the component-replacement
direction thereof.

15 According t¢” a fourth aspect of the present
invention, there /is provided a component feeding
apparatus as defijfied in the third aspect, wherxein in the
part for setting the sequence numbers and component-
replacement /directions of the using component feeding

20 'tablés baséd on the set sequence numbers of the éomponent
replacemwent positions, the sequence numbers of the
compoflent feeding tables are determined in ascending
ordér from 0 in the same direction as that in which the

Equence numbers of the component replacement positions

S aa o ] h O OB ORER onlacenan 33raatian o
25 have—been—s SR OWMPE 231-3 3 OF—©



-3- 5. A conponent feeding nethod using a conponent feeding apparatus
accord- ing to anygne of t he precedlng clainms, the nethod conpri si ng:

setting sequence il chent 1en, SR RRbL B 20D

110; 605 to 608) ijnre

suckup position ( §131; sequence nunbers and
conponent - r epl acerent ﬁj the using conponent feeding tables in
accordance with t# , upbers of the conponent repl acenent
positions (105 to}110; 605 to 608 and vi ng the conponent - exhaust ed
conmponent feedi ng J_a,h,j_e .o the det Ql m ned~conponent replacenent position in
t he conponent-repLageant direction_thereof. 6. The nmethod as defined in
claim5, whergine i setli ng the segugnce;gudiers and eonpogent.-renl geement

directions of the uSing conponent feeolng tables 1n accordance w  set

sequence Nurggpssdte! N CORRONEELA@PHECEIBAL RONIsCE i0HS ix NntEAYLHE

nunbers of the conmponent feeding tableS are determ ned
sequence numbers of the component replacement positdions

have been set, and
5 in the part for setting the sequence numbers and
component -replacement d{rections of the using component
feeding tables, the component replacemen position for
the component-exhausted component fegding table is
assigned a component replacement positdAon having the same
10 sequence number as the sequence nupber of the component
feeding table searched out in thé same direction as the
component -replacement directicd of tﬁe component feeding
table.
According to a/ fifth aspect of the present
15 invention, thexre is provided a component feeding method
using a component fe¢eding apparatus comprising three or
more component feeding tables arrayed on a straight line

on a base whi€h are replenished with components at

component feplacement positions, the component
20 replacemenyy positions being disposed, relative to a
compone suckup position provided at one blace on the

base, /to a number of a number determined based on a total

number of the using tables of the component feeding

.
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Taw e o7 rteaD > = Sa= z = SA Bt 3 [Pk Cddrea



ascending order fromO in thgd§§ne direction as that in which the sequence
num bers of t; peyafey rfé$ gpltacement positions have been set and the

Gorrnea T E B Tert on oppdule |o-che norcrARUHERRSaY! 8. bng oom

determned in

whi ch the sequen efnunh3f§ e conponent replacenent positions have been
set, and, in sft I ng the segmgn e nunbers and conponent -repl acenent
directions of {h&USTNHg C conponen feedi ng tabl es, the conponent replacenent
position for the conponeni.-e ted conB%nent teeding table is assigned a
conponent replace- nment position-aving e sanme sequence nunber as the
sequence nunber of the conponent feeding table searched out in the sane
direction as,the conpanent- yeplacemmnt direction of 1he conmponent feeding
t abl e. T T T - i

component feeding tables - 1) x 2,
the method comprising:
setting sequence numbers of the bémponent
S replacement positions based on their distanced from the
component suckup position;
setting sequence numbers #nd component -
replacement directions of the using /component feeding
tables based on the set sequence numbers of the component
10 replacement positions;
setting seguence ilumbers and component -
réplacement directioﬁs of fhe using component feeding
tables based on the set sgQuence numbers of the component
replacement positions; 4And
15 moving thHe component-exhausted component
feeding table to/ the determined component replacement
position in the/component-replacement direction thereof.
Accgrding to a sixth aspect of the present
invention,/ there is provided a component feeding method
20 as defifted in the fifth aspect, wherein in setting the
sequefice numbefs and component-replacement directions of
th€ using component feeding tables based on the set
sequence numbers of the component replacement positions,

the sequence numbers of the component feeding tables are

257 determinied i ascendimg —order—from—o—in—the—~samey
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(57) Abstract

As component replacement positions where component feeding tables {101-104) are replenished with components, are arranged a
ggxmber of component replacement positions (105-110), the number being obtained by substituting a total number of component feeding
tables into a specified function. A component feeding table that is not in a component suckup position (111) is moved necessarily to any one
of the component replacement positions ségardless of the combination of component feeding tables. This component replacement position |
is determined through steps of setting sequénce numbers on the component replacement positions (105-110) by the specified function based '
on the distance from the component suckyp position (111), setting sequence numbers and component-replacement direction on the plurality
of component-feeding tables by a specified function, and giving a specified function the sequence number and component-replacement
direction of a component-exhausted comparient feeding table.




