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E DESCRI PTI ON Conponent Mounti ng Met hod

nd Appar at us 5 TECHNI CAL FI ELD T%e present invention rel ates

g0 a conponent nounting met hod and apggtateerdbnr nounti ng conponents on

ount i ng objects, such as are used in nounting el ectronic conponents

bn circuit boards, in either provisional mountings or actual 10 nountings,

tcgnc‘é‘m‘f gﬁ;}”go‘% &?&hﬁ M Jrfé%ﬂx{aqp%%ﬁat%- and App%Q‘éQBwf ND ART A
nponent  nmount 1 ng paratus for manuf acturing el ectronic

circuit boards is shown in Fig. 9. 15 A conponent nounting head 102

equi pped with a suction nozzle novabl e up and down 101 for handling an
el ect roni ¢ conpoRerHNICAL iKIElhnort ed on an X-Y robot 103, which is noved
jn two perpendi cupd SHdKOHH AFrent 130 ré1ak8E EBVANGohHEn ERERRNEH |
hounti ng head 102 to a conponent supglﬁ unft f04 and a 2% %ﬁ%ponent ng
jfrounti ng unit 10Bethod edrettappdmatesnforempui®ing compppents ¢y mowwhjmment

I it 104 is.picked d i,ed by th ti le 101 d
Pounted at a - ORIGEEET GUFThGR Bn B 16, POUREB8aF (o TDROROE dr SPTReR F

on circuit boards, in either provisional mountings or actual

10 mountings, to manufacture electronic circuit boards.

BACKGROUND ART
A conventional component mounting apparatus for

manufacturing electronic circuit boards is shown in Fig. 9.

15 A component mounting head 102 equipped with a suction nozzle
movable up and down 101 for handling an electronic component
is supported on an X-Y robot 103, which is moved in two
perpendicular directions, X and Y, for moving the component
mounting head 102 to a component supply unit 104 and a

20 component mounting unit 105. An electronic component 100
supplied by a component supply unit 104 is picked up and
carried by the suction nozzle 101, and mounted at a
prescribed position on a circuit board 106 located in the
component mounting unit 105.

25 The suction nozzle 101 is installed on the component
mounting head 102 such as to be movable up and down in order
to pick up and mount the electronic component 100.
Referring to Fig. 10, a nut 107 provided integrally with a
support member 113 for the suction nozzle 101 screws onto a

30 ball screw 108 that is turned in both opposite directions by
a motor 109 to cause the suction nozzle 101 to move up and
down. When the orientation of the electronic component 100

held by the suction nozzle 101 is improper, the suction




corrponent~ mouniigdéh¥Edst 105. 25 The suction nozzle 101 i%cjr%%y?d kad
on the component nmounti ng head 102 such_as to be novable up an 50mn

i n order to pick up and nount the el ectrdnic conmponent 100.

jReferring to Fi 7 <Rrayi LRt £9r s Wt SHP

{ mrenber 113 for ﬁleélgnfttaal{c?r#ttr?cj?%zllg %%ﬁgg%&sﬁ n?%ﬁél% tJf}la?alsuscctr ew ?8% % eat
1is turned in badl st tiksdiaxdst Ldne by a moter nbi®r 109 to cause the
suction nozzle 101 to nov %P and down. When the orientation of .the

jel ectronic conponentSOffy eLectrondc,FOPRBNSREE | AV VS | PSR I i Gpridise,

1 the suction = parts into the circuit board in order 4o acdMghiiih &id tude
tis corrected by turning the suction nozzle 101 about its axis line by a
(notor 110. 5 mountiuheceltdet camcuitohpandni8éi nv@iake edsatimdmgic of their
}parts into the circuit .bogrd in order to acc |ish,the .5 nmounti.ng to the
fcircuit board 1%@%5&%3& A5Hi & _varﬂrgﬁf)oﬁ‘gﬁ?i' HF AN a%h3hus types,
i ncl udi ng axi al comporfe@RONealdSalr adingbnEREPPNEAd.-Ss h skl T MM
havi ng | eads or pins, DIP (dual 1nline package) type |IC chips, and

. connect ors proveRds i pinsad®IP1¢dual inbinehpa@kagsedt¥rmile cripsnemns

rﬂLdegaBIgelg%%uﬁngg&s pro@iﬁggtggghngégég‘such as descri bed above

10 Of these, electronic components which can be handled by
a suction nozzle such as described above include DIP IC
chips which have a flat upper surface and connectors. For

other electronic components, mounting devices are used which

have component handling tools especially adapted to those

15 components, respectively.

In any case, the electronic component 100 is held,
i picked up, and handled by a suction nozzle 101 or other
component handling tool. When insertion is involved in
mounting the component to a circuit board 106, it is

20 necessary, simultaneously with positioning the electronic

i component 100 at the prescribed position on the circuit
board 106, to bring the electronic component 100 straight up

| to the circuit board 106 in a condition wherein multiple
pins or leads or other insertion parts in the side of the

25 electronic component 100 all correctly correspond to
insertion holes 112 in the side of the circuit board 106,
and to apply pressure in a condition where these are in
mutual contact, thereby inserting the leads 111 into the
insertion holes 112.

30 Such positional relationships are not always set up
properly, however, and failures sometimes arise due to
faulty positioning. In order for the insertion described

above to be performed in the right amount without fail, it
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el ectroni ¢ conponents, nounting devices are ysed which have conponent
ihandl i ng tools especially adapted to those 15 conponents, respectively.

iIn any case, thgsehecbsoaty €ONPAMNItHOQlictthohde compBheked1op, tanflake
}handled by a suction nozzle 101 or other conponent handling tool. Wen
linsertion is i ngentedtiwith theumiranit heagdnplfenandota PREBULE BBar #n106,

1L 15 20 necessary. pPLIMLBREOUSI M PIRIELD, NG ERCaChEShE OB Roctea by

conponent 100 a pr éscri on on the éircurt
bring the el ecttnelbarbnmtms)aiﬁdxalhmt eaglier,t thebe tsrvary bbetlel06
I n a-condition wherein nmultip pins or, leads or other insertion parts

¢sin the side df Fﬁ§l§53%$%dW?%ﬁn?h?xﬁﬁﬁﬁiﬁﬂ?lfOGORPPHEBFréepl}SCBFF§§ﬁBnd to
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n ct, thereby

ipressure in a conditi ese are in mut ual cont
{inserting the | endsptddsimg otemds to heroaet iexcelelies. 112t 36 also Such

post L1 onal re1 bk 9DeINPE 86 19%e.t BYS, 35k YBeraBhe kY, DYEE
i nsertion descrjRgértion a9 Eat HiPe RITRIMR Al metaas b 9hhranPHsbrved hopt
fait, it 10 not inserted in the insertion holes 112. 1In addition, there
is also play in the part that screws into the nut 107 that
converts circular motion to linear motion, and there are
effects produced by backlashes, whereupon appropriate
measures cannot be taken that correspond to whether the
15 insertion condition is proper or faulty.

Because of these problems, excessive pressing is easily
administered, especially when the leads 111 or other
insertion parts are not correctly inserted in the insertion
holes 112 in the circuit board 106, whereupon either the

20 electronic component 100 or the circuit board 106 or both
are damaged by breaks or cracks, which damage causes a
decline in the production yield of the electronic components
and the circuit boards.

In other cases where it is necessary to press the

25 suction nozzle 101 against the electronic component 100, or
where it is necessary to apply pressure to mount the
electronic component 100 to the circuit board 106, similar
problems arise because the pressing force cannot be
adequately controlled.

30 An object of the present invention is to provide a
component mounting method and apparatus, with which a

component can be mounted without excessive pressing.




IS necess‘ary t Qv dIaxSsat Ne el ectroni c conponent 100 to neke Qﬁésswth
ﬁhe circuit board 106, and to push it in, in t he prescribed condition.
However, with a drive effected by the bafl screw 108 described earlier

there is very ldfé&fos&ﬁ]eosfl WW?O&“ el ectroni c conponent 100 is
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pressed, whereupon € pressing rce cannot be finely controlled,
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are not correctly inserted in the’insertion holes 112 in the circuit
board 106, wher@eRRan&diy [fapplye uadt endcar epnporenponewnting writhe circuit

[board 106 or botih ot s SATRIRHIY RhEaKan0ln ShECKIaat g damage causes

a decline in e production yiel'd™o r'oni ¢ cofrponent’s and

{the circuiioboariisearly moved up ahdeBowfs€srWher forming OOMESSaity giwkHu@ss
the 25 suction nozzle 101 against the el ectronic conponent 100, or
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down for picking up a component or for mounting a component
held on the component handling tool on the mounting object,

15 the linear motor is controlled to effect a downward movement
of the component handling tool, and when contact is made
between the component handling tool and the component or
between the component and the mounting object, upon which
changes in control information of the feedback control of

20 the linear motor are detected, control of the linear motor
is switched to a pressing operation, whereby the component
is picked up or mounted in a predetermined pressed condition.

Thus the component handling tool is moved to the

component supply unit or component mounting unit by the

25 moving mechanism, whereupon, whether performing component
pickup at the component supply unit or component mounting in
the component mounting unit, such can be accomplished with
an up and down movement by the linear action of a linear
motor on the moving mechanism. With the feedback control of

30 this linear motor, the component handling tool prior to

holding the component and/or the component held by the

component handling tool is brought close to the component

and/or the mounting object, in order to pick up or mount the
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Wi t hout excessive pressing. 4
{DI SCLOSURE OF TébmpolEhE| (b controllilny amderl ineaacaonpli sb elfi€eeboue
obj ect, the present I nvention_ provides a co onent nount i ng net hod

imherelp a cBAPBYRRE TOPRRERY 3y e SRRt B Ay ipgi tord pRBRed up,
5 carried, and gppphéd PhefedPHNLId 1&1yte(étffle%%@ﬁed %eﬁ  Cont8eEPRLCHAde, by

jnounting position, using a conponent andl 1 ng tool hat is supporte
ta nmovi ng nechantberenilsi s chamge tin tthe conun@ﬁpanénrmsmpphydualtoahuea

conpenent nting upit, characterized in that: the c onent hand|in
[tool s 10 M nebPgehateronst SR Kiina HPoge AFORTERg Eonp SHENPOpREKL Bpt L0
jand nount i ng aC{vh@Bé Suntsed-has laaing nﬁfdeac'ahn%ér d@‘@b@’ted by ¥herein,
when the conponent handling tool needs fo be noved down for plcklng up

fa conponent or ¢ban§©unn|ﬁ@eacqnﬁqniumnformathQMda@nthhé tampenent handllng
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made bet weeiintbEm& 0P NS ndeat)d ihieg tieRlarandtbie ie0BROBENEdOfrom a

bet ween the conponent and the nounting object, upon which

- 10 downward moving operation to a pressing operation, and the
holding or mounting of the component in the prescribed
pressed condition is completed. When that is done, it is
possible to definitely effect the holding and/or mounting of
the component, under prescribed pressing, while preventing

15 contact faults or floating, and without damaging or breaking
either the component or the mounting object by subjecting
either to an excessive load. Also, in cases where the
component mounting involves insertion in the side of the
mounting object, such can be definitely accomplished by the

20 prescribed pressing operation described in the foregoing.
Accordingly, production yield is improved for the components
and the mounting objects.

The above method can be implemented by using a

component mounting apparatus comprising: a component supply

25 unit for supplying components, a component mounting unit for
mounting components on a mounting object, and a component
mounting mechanism for moving a component handling tool to
said component supply unit and said component mounting unit,
so that the component handling tool picks up and carries

30 components supplied by said component supply unit and mounts
said components on the mounting object in the component
mounting unit, wherein: said component mounting mechanism

comprises: a moving mechanism for moving said component
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¢bj ect, in orderFFﬁgﬁggﬁphﬁ meyhedihand a controller for feedback-
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3 nponent handling tool, and contact therewmth is Tirst
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£hange in theocomandl ingf @oBat banthe hbhitingEobject, the THYRUPABLozt jkhe

boi nt in time where that contro
controlled to effect a downward movement of the component
handling tool, and when contact is made between the
component handling tool and the component or between the
component and the mounting object, upon which changes in

15 control information of the feedback control of the linear
motor are detected, control of the linear motor is switched
to a pressing operation, whereby the component is picked up
or mounted in a predetermined pressed condition.

The method described above can be thereby achieved
20 stably and automatically according to a prescribed program.
The component mounting method according to another

aspect of the present invention is characterized in that the
component handling tool is linearly moved up and down for
performing component mounting actions by feed-back control

25 of a linear motor, wherein the linear motor is controlled to
effect a downward movement of the component handling tool
for bringing the component held by the component handling
tool closer to the mounting object until after an insertion
part of the component has been inserted in a corresponding

30 hole in the mounting object, and when contact is made
between the component and the mounting object in a
predetermined condition, upon which changes in control

information of the feedback control of the linear motor are
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conponent supply unit and nounts

such as connectors. The controller controls the linear
motor such that the component handling tool is lowered for
bringing the component held by the component handling tool
close to the mounting object until the insertion parts of
the component make contact with the mounting object, and is
further lowered, until after the insertion parts have been
inserted in the mounting object. Upon detecting changes in
the control information when the body of the component
contacts the mounting object in a predetermined insertion
condition, control of the linear motor is switched to a
pressing operation.

In the mounting of a component held by a component
handling tool that involves insertion in a mounting object
as in the case described above, it is possible, from the
control information and the position of the linear motor
corresponding thereto, to determine whether the insertion is
proper or faulty, based on positional discrepancies between
the insertion parts of the component and the insertion holes
in the mounting object, in terms of height abnormalities.
Such determinations can be accomplished automatically by
determination means which receive the information. Based on

this determination, when the component insertion is faulty,
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or bringing the conponen hel y t e ‘conmponent handl i ng
Fig. 1 is a block connection diagram for a controller

used in one embodiment of the present invention;

15 Fig. 2 is an explanatory diagram representing basic
actions in component mounting operations controlled by the
controller of Fig. 1;

Fig. 3 is an explanatory diagram representing one
embodiment of a component mounting method using the

20 controller of Fig. 1;

Fig. 4 is an explanatory diagram representing another
embodiment of a component mounting method using the
controller of Fig. 1;

Figs. 5A and 5B represent component mounting conditions

25 with the embodiment represented in Fig. 4, diagramming in
Fig. 5A a condition wherein mounting was proper, and in Fig.
5B a condition wherein mounting was improper;

Fig. 6 is a simplified configuration diagram for the
component mounting apparatus shown through Figs. 1 to 5;

30 Fig. 7 is a perspective view of the main parts of the
component mounting head in the apparatus shown in Fig. 6;

Fig. 8 is a cross-sectional view of the main parts of

the component mounting head of Fig. 7;
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5 in the prescriinedhienapptiratusoafli Fign,9actual ly contacts the mount i ng
obj ect can be ascertai ned, the downward novi ng operation can be
switched to 2 pressi ng operation at that point in time, and so the

component can bar3el MopECrER cARRPHIS Ut "riCnRARPiGPed pressed

condition, while insertion ts are prevented Such a net hod
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handl i ng tool 1gi¢hogerkeehbe tBUPhE NGr&Riggs. until the insertion parts of

t he conponent make contact with the nounting object, and is

10 This embodiment is one example of a case where a
connector 3 having numerous leads 2 as shown in Fig. 6, or a
DIP type IC 3a, as shown in Fig. 7, is handled as one
component to be mounted on a circuit board 1, and mounting
of the component to the circuit board 1 is performed, either

15 involving insertion of the leads 2 into insertion holes 4 in
the circuit board 1, or not involving insertion. However,
the present invention is not limited to or by this, and can
be applied to cases in general wherein mounting is performed,
whether of various components involving insertion or various

20 components not involving insertion, and whether as single

components or in various multiple combinations of different

L T e L S i st e Lem

: ) types of components.

3 The component mounting method in this embodiment is
described with reference to the apparatuses shown through

25 Figs. 1 to 8. As shown in Fig. 6, a component handling tool
14 is used which is supported by a moving mechanism 11 such
as to be moved té and positioned at a component supply unit

12 and component mounting unit 13. The moving mechanism 11

can be any mechanism whatever, irrespective of its movement
30 path, so long as it can move the component handling tool 14

in this manner. With such component handling tool 14, a

connector 3 or DIP type IC 3a or other component supplied by

the component supply unit 12 is held, picked up, and carried,
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10 components being handled. Thus it is possible to adopt
hardware which holds and handles components in various ways.
It is also possible to employ several different types of
handling tools that are changed or selectively used
according to the types of components.

15 The suction nozzle l4a performs pickup and mounting
actions of the connector 3 in linear actions by the feedback
control of a linear motor 16 on the moving mechanism 11.

The linear motor 16 is controlled to move the suction nozzle
14a downward before or after the component holding for

20 bringing the suction nozzle 1l4a closer to the connector 3 or
to the circuit board 1. Then, with changes in the control
information when contact is made therewith, the linear motor
16 is switched from the downward moving operation to a
pressing operation. The holding of the connector 3 in a

25 prescribed pressed condition by the suction nozzle l4a, or
the mounting of the connector 3 held by the suction nozzle
l4a to the circuit board 1, is thus accomplished.

The picking up of the component such as the connector 3
at the component supply unit 12 or the mounting of the

30 connector 3 on the circuit board 1 in the component mounting
unit 13 is accomplished by the linear upward and downward
movements of the suction nozzle that are effected by the

linear motor 16 on the moving mechanism 11. During the
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Thereupon, at the point in time where this control

information changes, the linear motor 16 is switched from
the downward moving operation to a pressing operation, and

15 the holding or mounting of the connector 3 in a prescribed
pressed condition is completed, wherefore a pressed
condition can be attained that is neither excessive nor
inadequate with a pressing start based on the actual contact
position. Accordingly, the holding or pickup of the

20 connector 3, and the mounting thereof can be achieved
without fail under prescribed pressing, while preventing
contact faults or floating without damaging or breaking the
connector 3, the circuit board 1, or the suction nozzle 1l4a
by subjecting them to excessive loads. Not only in cases

25 where no insertion in the circuit board 1 is involved, but
also in cases where mounting is done that does involve
insertion of the connector 3 or the like in the side of the
circuit board 1, such can be achieved definitely and without
taking excessive measures, using a downward moving operation

30 to effect contact at the prescribed position, and a
prescribed pressing operation from the contact condition at
that prescribed position. The production yield for the

connectors 3 or other components and the circuit boards 1 is
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, conventional conponent nounting .apparatus; ahdl Fig. 10 is a front

¢ view of the conmponent nounting hea i he apparatus of ,Fig. 9.. 5
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are now descri bed with reference to the draw ngs.
embodi ment is one exihple pretexalle Whate beth coptnadcber madrpafngh@umer ous

| eads 2 as shown,in_Fig.. 6 DP t I as,sh in Fig, 7. 1S
handl ed as onemflne%5ﬂﬁgﬂ%ﬁtf§dﬁgglﬁgﬁhﬁgﬁ¥§§nagé??gﬁi§4b6§r§rﬁ?g€%glnt°
nounting 5 ofcéfeagenPEienthé CddifectiorCBi subpaiedlbystper &enpedenti t her

15 involving insertion of the leads 2 into_insertion holes 4 in the
circuit board 1supplyicinihvb? vand) thesabyi deldronedepf the {ppepr meber 16

nert e S HAEUALCAY 4 Ups oot B8fponen epBll bEEho Esemod
i nvol ving i nsertozzilerldariousounted to the circuit board 1, either
involving insertion or not involving insertion.
10 Nevertheless, it will be effective to make only one or other
of such control.

Referring now to Fig. 6, the component mounting
apparatus of this embodiment, in order to implement the
method described above, comprises a component supply unit 12

15 for supplying components 3 such as the connectors, a
component mounting unit 13 for mounting the connector 3 to
the circuit board 1, and a component mounting mechanism 21
for moving the suction nozzle 14a that serves as the
component handling tool 14 for holding and handling the

20 connector 3 to the component supply unit 12 and component
mounting unit 13, holding and picking up the connector 3
supplied by the component supply unit 12 with the suction
nozzle l4a and carrying this, and mounting the connector 3
thus carried in to the circuit board 1 with the component

25 mounting unit 13.

The component mounting mechanism 21 comprises a moving
mechanism 11 for moving the suction nozzle 14a to the
component supply unit 12 and the component mounting unit 13,
a linear motor 16 for moving, on the moving mechanism 11,

30 the suction nozzle l4a vertically in a linear movement at
the component supply unit 12 and the component mounting unit
13, ‘and performing pickup and mounting of the connector 3 or

other component, and a controller 22. The controller 22



ST

M i L R ninn

20 conponent swaodo/2ssgaol vi ng i nsertion, and whether as single pcr/yprssnsges
conponents or in various nultiple conbinatiq s of different types of
conmponents. The conponent nounting thod in this enbodinent is

described withepgfigheRC8oherbhS @HBaI§£H§§Sm§MW6 hipupAmwadt D sovin® 8.
As shown in Fig. 6, a conponent handling tool 14 is used which is

supported by aopevihjorethamPym thesswdtion aezzle bllamvsen Samemponent

positioned at gnent pRLY. un om. t nt i nit

3 The movi ngRRLGRER: o the" Bokpditer 3 peTadRe AR R MR R v
of its novenmengl88e £8tBhes@ohfBEtés 3tofadlodwerd hﬁlesammﬁni deaid i1ng
tool. 14 in this manner. Wth such conponent handling tool 14, a

connect or 3 or ebfpctypg F@nBaC'értb?ﬁ@VlEbnp‘éiﬁb‘Fﬁh%rﬁﬂﬁ ddngar motoge 16
conponent suppky fnifel ogﬁwgfhd ?igé %pgpat ssing operation
I'S nount ed” o o

10 and t he " conponen un |ng oﬁ’ect TN T t he
circuit board atpehet pohad khy tMecamsteﬂIhe neocurt 1t ol J.nfomraﬂloiﬁ chlamgleli S
enbodi ment, a suctlon nozzle 14a.is for the conponent handlin

tool 14 for th¥PRBI BPRGAGH t’—ﬁemaée'f?’&@ %‘Pf&ﬁb]ee‘iﬁs the JPEing, Ora feustipge
connector 3 oroPl Phe cohiﬁ@@tb? §ang %r&'é’&?u%ﬁ 'ddetﬁ‘:tlo?i” Thus

however, and a chuck that grips conponent ronlelther si de, or
coupl ing 10 deheceomhanehbl meunhengdngbm&tam/d@mm danridet iforego inge
can be implemented stably and automatically according to a
prescribed program.
In the moving mechanism 11, as shown in Fig. 6, a
component mounting head 23 equipped with the suction nozzle
15 14a is supported so that it can move in two directions, X
and Y, by a Y table 24 and an X table 25, whereby the
suction nozzle l4a can hold and pick up the connector 3 or
any of various other components supplied by the component
supply unit 12, carry this to the component mounting unit 13,
20 and mount it in a circuit board 1 positioned therein. The
component supply unit 12 has components such as the
connector 3 or DIP type IC 3a accommodated in a tray 26, for
example, arranged therein by component type, in a multi-
stage stacked configuration. Thus components of the type
25 needed can be pulled out when needed, and positioned in the
component supply unit 12, so that the prescribed component
can be supplied.
In order to make it possible for the suction nozzle l4a
to pick up the components accommodated in all positions in
30 one tray 26, it is sufficient that either the tray 26 or the
suction nozzle 14a be movable in at least two perpendicular
directions, X and Y. This does not pose a limitation,

however, the movements may be divided between both of those
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The positioning unit 28 positions the circuit board 1 in a
prescribed position, in the direction of conveyance from the
carrying-in unit 27 to the carrying-out unit 29, and, with
movements of the suction nozzle 14a in the two directions X
and Y by the moving mechanism 11, being fashioned so as to
facilitate the mounting of the connector 3 in any position
whatever of the circuit board 1. It is also possible,
however, to make the construction such that the circuit
board 1 side is moved in X and Y directions to position the
suction nozzle 14a in one location, or the movements in X
and Y directions may be divided between the circuit board 1
side and the suction nozzle 1l4a side for the positioning
required for component mounting.

The linear motor 16 is structured as shown in Fig. 8.
A magnet 43 is attached through bearings 42 midway along a
pressure shaft 41 connected and held so that component
handling tools such as the suction nozzle 1l4a can be changed.
About the magnet 43, along the axial direction of the
pressure shaft 41, a coil 44 is provided, fixed to the side
of the component mounting head 23. The pressure shaft 41 is
held by hélding units 45 provided at positions in the axial

direction of the pressure shaft 41 that sandwich the coil 44



11 - feedbapbodggkaol of the linear notor 16, when the Iine%%T”P%mFB&pr
16 is controlled to cause a downward novement of the suction nozzl e,

and the suction nozzle 14a or the connectorl? 3 held by the suction
nozzle 14a is se.to &Hﬂ?gft : f t LrGui rd 1
there is a cha%ééle%\&v?é&t‘he %ﬁc])% ??} In rrl%{ll%nqgr té’%&h gggg%tg llg;t? ?ﬁg
arrival at theasing argetefl posilimsamwmotdihd 6sahirioaghnbealréngs #lbe and

connect or is brought into contact with the conpqnent or .the gircuit
board. The poiﬁﬂPP%Yi%e%?%s‘éﬁ Ehalhfth&o ithafads €3 ﬁélgs a8t £BBed by
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excessi ve | oads. hbt‘only i n cases, 25, where no insertion in the circuit

board 1 is i voteetPibt4 can R Fi¥edasds Shvele PREGHEPRgSPESHORBLEREPT does

i nvol ve 47, shown in Fig. 7, that detects the position and speed of

movement of the suction nozzle 1l4a, is attached to the
pressure shaft 41, having a rod scale 48 extending in the
15 axial direction of the pressure shaft 41, and a ring-shaped
detector head 49 provided so that the rod scale 48 passes
through it.
Although not indicated in the drawing, the position-
speed detector 47 is secured to a frame that supports the
20 linear motor 16. Also, multiple magnetized portions are
provided in the rod scale 48, in the circumferential
direction thereof, arranged at constant intervals in the
axial direction thereof. Thereby, when the rod scale 48
moves in the axial direction thereof in conjunction with
25 movements of the pressure shaft 41 relative to the non-~
moving detector head 49, the magnetized portions move, and
information recorded in those magnetized portions is
detected by the position-speed detector 47. Thus the
position of the pressure shaft 41 in the axial direction can
30 be determined, and, from the amount of change in the
magnetized portions, the speed of movement of the pressure
shaft 41 can also be determined. A motor 50 is linked to

the pressure shaft 41 above the holding unit 45, as shown in
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- conponent 180U DG IEN ) of3 e d HUUERS A N9 G8NBERHGELEa! Po the input

' sides of the position controller 61 and speed controller 62,

: and to the linear motor 16 on the output side of the power

% amplifier 63. A first torque command Tl that is sent
through the processing of the position controller 61 and the

15 speed controller 62, and a second torque command T2 sent
from the torque controller 66, are supplied to the input
side of the switching unit 65. The switching unit 65, based
on contact detection information from the contact detector
64, switches torque commands sent to the power amplifier 63

20 from the first torque command T1 to the second torque

command T2. Conversely, switching from the second torque

[P A T T R

command T2 to the first torque command T1 is performed by a
switching command from the position-weighting controller 67.

At the time of switching between the first torque

RTINS

25 command Tl and the second torque command T2, there is no gap

between the value of the first torque command T1 and the

SR 22 A e,

value of the second torque command T2, whereupon no

differences arise in the action control information supplied

AR FA e af vt

to the linear motor 16 between these two commands.

30 The control is now described in more specific terms.
the connector 3 is mounted to the circuit board 1. The
suction nozzle 1l4a moves as shown in Fig. 2 from the time it

picks up the connector 3 and mounts it to the circuit board
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{t he conponent supp uniit 12 and t conp nent unt.ing unit 3, and
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and a controll festentThe ¢HRt kLRl s2ép #s1.
13 f eedback-controls the linear nbotor 16 in a downward novi ng

operation to nove tHa sudhigd sbepl #s34athei contaceorgsimeint the sesiatidg or
(e Sonnector, SIS ool R bhRB- BRF 2%y e s o S TN °
the |inear1oot @hel@ircuit board 1 is detected. 1In a fourth step #S4, the
connector 3 is mounted in the circuit board 1 with a
predetermined amount of pressing force applied thereto.
Then, in a fifth step #S5, the suction nozzle l4a ascends
after releasing the suction and holding of the connector 3.
15 In these steps, the positions of the connector 3 in the
vertical direction and the speed of movement of the suction
nozzle 1l4a holding the connector 3 are detected by the
position-speed detector 47 provided in the component
mounting head 23. The position information that changes
20 from moment to moment is supplied to a comparator 71
provided on the input side of the position controller 61,
and speed information is supplied to a comparator 72
provided on the input side of the speed controller 62.
Meanwhile, a position command is issued from the position-
25 weighting controller 67. This position command is
information indicating the relationship between time and the
position of the suction nozzle 14a, up until the target
position in the 2 direction or the vertical direction, in
which the connector 3 is finally placed, and as such is
30 preset in the position-weighting controller 67 and supplied
moment by moment to the comparator 71.
* The comparator 71, based on the position information

and the position commands occurring at the exact same time,
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At the point in time where the connector 3 reaches a

point immediately above the circuit board 1, the second step

15 commences, whereupon the speed controller 62 issues a torque
command to that effect to the power amplifier €3 via the
switching unit 65, whereupon electric current is supplied
from the power amplifier 63 to the linear motor 16. Thus
the suction nozzle 14a descends farther at a constant

20 reduced speed under position control. During this step, the
torque command to the linear motor 16 is controlled at more
or less a constant value because there is no change in speed.

Next, when the connector 3 comes into contact with the

circuit board 1, both the deviation between the position

25 information and the position command supplied to the
position controller 61 and the deviation between the
position information and the position command supplied to
the speed controller 62 become large, whereupon the value of
the first torque command T1 from the speed controller 62

30 increases. In terms of the position command information,
different information is supplied respectively for each type
of connector 3 or other component. The contact detector 64

detects the increase in the first torque command T1,
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amplifier 63 via the switching unit 65. Thus the connector
3 is mounted in the circuit board 1 in a set time period and
under a set pressing force by the linear motor 16. The
weighting command information, is preset for each component
15 or for each type of component, and stored in memory, and
information corresponding to the connector 3 that is being
mounted is supplied from the position-weighting controller
67.
After this, the switching unit 65 is again switched to
20 the speed controller 62 side by a switching command issued
by the position-weighting controller 67, and the suction
nozzle 14a is made to ascend under control based on the
first torque command T1.
As described in the foregoing, the pressure shaft 41
25‘ provided with the suction nozzle l4a is linearly driven by
the linear motor 16 in the axial direction thereof, and the
connector 3 is mounted on the circuit board 1 by a
positioning action of the linear motor 16 and a weighting
action that presses the connector 3 with a discretionary
30 force. The mounting of the connector 3 is generally
performed by the first to fourth steps #S1 - #S4 described
above. It is thereby possible to suppress the force of

impact when the connector 3 and the circuit board 1 come



required~for oWBReASRE nmounting. 25 The linear notor 16 Fén&%ﬁ&%ﬁ%&id

as shown in Fig. 8. A magnet 43 is attached through bearings 4

falong a pressure shaft 41 connected and2Beld so that conponent

handl i ng tool s, such as the suction nozzl e 14a can be chan : About  t he

ed. .
magnet 43, al oABtPhECRXPSF/ dRPEcER®PEESTIRY FPTH éérsﬂ\oémg:ﬁ-&ﬁt tipe gagobe
44 is provided i ' : GYRP ti d 23.
The pressure sﬁgitéigc%gtiaﬁaﬁ%?g %@ ?éﬁ%ﬁéE%Lwntsqﬁgbggg%?dggﬂg?ﬁgositions
in the axial suppliedttonthé tbregqpe essnireo ki 16641 wheatefoardanch t he coil

44 . . . 15, t her ebetween. These
hol di ng units ABPRPYCRERE, LR PQURHLNY PreciSiAP £AP &F £FE FFﬁBar notor 16

t hrough beagings 46phandontactU@eesdtdPesPrRs Prov il ,t mbked@ethatoi £hsan
slide in the axial direction thereof and turn about the axis thereof.

5 Thus, by exthei agntaetcbetvaen the snetian aogrdie 142 agdnkhbe circestnove

| rmgnet 43 1's aPPREfeh 16 Thesrreadt of SRR £ bs soraye eBERRHAToRIRS o,

the magnet 43 wbl thaolihesh motodbDeitwlidie tshafductiem woezlehedpr essuhe
shaft 41 does turn. 10 By using the linear notor 16 in this manner, the
wiring to FRABNEEEPT 43 cameselntqRPNtAGH Wikhddie cdrcspEehoasdett or

47, shown 40 Fig. TyplRatndet&mpsndde £OU4 e AYDSBGEnOheeds inserting

a part thereof into the circuit board such as the connector
3, an insertion action is involved whereby the leads 2 that
are the insertion parts are inserted in the circuit board 1.
In order to achieve this in a more failsafe manner, in this

15 embodiment, a predetermined, constant pressing force is
applied from the moment the leads 2 of the connector 3 first
make contact with the circuit board 1 until the body 3b of
the connector 3 makes contact with the circuit board 1, so
that the leads 2 are thoroughly inserted into the insertion

20 holes 4 in the circuit board 1. In order to do this
satisfactorily, contact detection is not performed at the
position where the leads 2 make contact with the circuit
board 1, but rather contact detection is performed with a
target position that is the position where the body 3b of

25 the connector 3 makes contact with the circuit board 1 where
the leads 2 are completely inserted in the insertion holes 4.
When this is detected, the pressing action is switched to.
That is, the pressing action is switched to after the
connector 3 is in a completely inserted condition.

30 The value of the torque command varies at this time as
shown in Fig. 3. At 401, where the leads 2 of the connector
3 contact the circuit board 1 in a certain speed condition

in the second step #S2 described earlier, contact is not



frovenent of t hewowoizsasa nozzl e 14a, is attached to the pres
A1, having a rod scal e 48 extending in the 15 axial direction §?ﬁ?ﬁégﬁ%&3
pressure shaft 41, and a ring-shaped det ext or head 49 provi ded so that
fhe rod scal e 48 passes t hrough it. Al t hough not indicated in
Lhe drawing, th %R%SQQQM1and tnﬂxﬁﬁfqﬁﬁﬂeéﬁoPoﬂﬁlp§e§e£HF§59Foa§ thake t hat

upports the 20 éll 5;6%‘%{ 16 A %O’tﬁﬂélt h?egﬁqﬂgt Eé?gep?65'9€ eare

provided in the ro inthe ¢l reunfere Irection r eof ,
arranged at consutrfsﬁrt:rﬁgamnd deadst [2e of thaxicanndcteet Bohntbethef ind&et by,
diirection thereof in

when the rod scale 48 es in the axial
conj unct i on wi t Q&FSrﬁnﬂﬁéghQSQﬁI EP@§§u4el§h&PPeE§t?€IQ?Fth?ol%¢ﬁ?r
on- nmoving t h e ekhze t hoR$e"RY
nf ormati on ?ecﬁ‘ﬁcllﬁt h;&g%rdr;%gfnet | zg%%%oitthléo%segleé 2 Q§§e ?1@{%1 t he
p05| tion-speed dgtssotted 4ihtilhdhe body 3bpodi tthencohneheoprésmalkes staritacil

A B L e N KL el e T

pressure s hajdmnfehd FbrAliT dee téetiacvFengd, aeaah%ﬁSQ téntadkedetétion

t he pressure shaft 41 above the hol ding unit ‘45, as shown in

16 weighting value 403 that is a certain set value which is

10 larger than the pressing force when inserting the leads 2 of
the connector 3 into the circuit board 1. The contact
detection in the third step #S3 is made based on this
weighting value 403, and the downward movement of the
suction nozzle is switched to the pressing action in the

15 fourth step #S4, so that the connector 3 is mounted in the
circuit board 1 with the set pressing force 404. Finally,
after releasing the holding of the connector 3, the suction
nozzle l1l4a ascends.

When under some influence or other the positions of the

20 connector 3 and circuit board 1 are skewed as shown in Fig.
5B, the value of the torque command varies as shown in Fig.
4. 1In this case, due to the positioning fault, the torque
command continues increasing at the same time that the leads
2 of the connector 3 and the circuit board 1 make contact,

25 and will quickly increase to the contact detection weighting
value 403 that is some certain set value. The contact
detection of the third step #S3 is performed at this point
of time, and the downward movement of the suction nozzle is
switched to the pressing action in the fourth step #S4. The

30 pressing force 402, which is a preset value, as shown in Fig.
3, 1s not generated. The leads 2 of the connector 3 are not
in ‘the prescribed position on the circuit board 1, but since

only a pressing force corresponding to the set weighting is




:Fi gs. 7 and 8, wo ob/hks DYy turning the suction nozzle 1l4a an.F 5@% 3
axis thereof, the attitude wherein the conponent that is he /%V ¥

suction nozzle 14a, that is, the angle of2 t he conponent about the axis
of the suction nozzle, can 5 be corrected. _ As shown in Fig. 1,
the control | er a@Pkigdy cheoganingedor 3 andosiirrvatcbad¥dl 1 ewlbl net shred
.controller 62, cfarr&o [ anplifier 63, a contact detector 64, a switching
unit 65, a orq‘%&; ‘controller 66, and a position-weighting controller

"67. 10 The positi onrpans defeliffent’ ilsS nognaestedbéd wiehirgférence tales
~of the position controller 61 and speed controller 62, and to the
'linear notor 16 ¢ PA AR AB-si FdJof SPhEepsRernts thapfase rhere We | r st

| . . L
gtorque co nd : PLACESS t ROsd n
i:'cont roller &1 é;r%lrﬁé:tolll!s% ?%?Joggrﬁl%%g?r%ga'aﬁ S:'gésiéc 'ngé?or e co&n%ée)md
172 sent f r an tehmanpdre wherentprolpeer ii8eraiensipphotdef fedted ivgreause
tside of the sw.tchin nit 65. The switching unit 65, based, on cont act
‘detection inforth& i]tf%d?sr (?mot%é:h_(?oﬁf’&&ec&&regt BPd theghnSeqk oty due
rcommands sent thd e RN RIEHA fil gl’reG%u%Ooff pesithenfirsd d4muwiiei s ompnd

{Tl to the second torque command T2. Conversely, switching fromthe
isecond torque 53, dwaMse the connectiorstst angastednbanthe prepgre rfas itsdroy

‘a SW tgRhin 0 fro pQsi tion-wei LN ol 67

At the t ntor S I A dhe REVEE Bt FEERCY SE I A i ppamae

t second torque qQaaTanenlthd hdnearsmo@ogape is perneemifdecivélpwesdiddie
rfirst torque command T1 and the val ye of the second torque conmand T2,

, wher eupon no actdiony Gfetdies thirde StRp RE3aEPMBR EONR rBfighE Flrat iIgh the
sg:suppl i ed t @de rRAH TG, 58, DRLWEGRBL NGRELLYR £BBNIfonal shift

has occurred between the leads 2 of the connector 3 and the

15 insertion holes 4 of the circuit board 1, the leads 2 of the
connector 3 are not inserted in the insertion holes 4 of the
circuit board 1, wherefore the position of the lower end
surface of the suction nozzle 1l4a when the linear motor 16
is performing the pressing action in the fourth step #S4

20 comes to a height P2, which is higher than normal by the

i length of the leads 2 of the connector. This height is
detected to determine whether or not the connector has been
inserted properly. This determination can be made

automatically by determination means 22a that is an internal

Ce e camas g e e

25 function of the controller 22. The specific configuration
of the controller 22 and the determination means 22a can be
variously altered, however.

i In a case where insertion is not effected as shown in

Fig. 5B, the connector 3 is taken back from the component

30 mounting unit 13 while still suction-held to the suction

- e R —

nozzle l4a in the fifth step #S5, whereupon the positions of

the connector 3 and circuit board 1 can again be verified.

The first to fifth steps #S1 - #S5 are then repeated, so



z30 : The cWI@L00@Ss64s now descri bed in nore specific ternms. pcr/ifsosses
connector 3 is nounted to the circuit board 1. The suction nozzle 14a
1nnves as shown in Fig. 2 fromthe time it 23 picks up the connector 3 and

inDunts it tot 17

i 1 before it hgﬁﬁg %ﬁ% %gﬁgggnﬁect%F ?Pu?teéigﬁ%%ﬁr%ﬁeﬂ)Thus-#§1lsafter

i hol di ng the COp@@@iBIe?rtol dveleg CodEls ddmdgghco thes pAthedtwder pegircudmi ng
§control unti | is inmrediately above the circuit board 1. In a
second step #§2°a¥<li|e1 SOIS%%?FW nR%% ke 1kta Iht iR Y e dAFSFF 108 t her |

3ggc2;taln t he ? %?igég%iggeﬁﬂpf$ﬁgrIfhé€¥6%Iihlréistepggé%;o lggggﬁtact

;nade in the& sefaulity compamemf§ byTiie ebfemtcive & Mijzathemsudsti on nozzl e
14a with 10 the c¢circuit board 1 is detected, ,In a fourth step #S4, .the

'connector 3 i sTRDLMIEATER YEeh (9904 woe FELicignay and withowt thei kime
ramount of presgj gtfﬁﬁfea@flig%éi@%ﬁéo such HiH41idy a1ldd dansher #S5,

t he suction nozz?e 14a ascends ter releasing the suction and hol ding
yof the connectantama‘@cally a¢hnieved oy tidps , opdratpagl ifoheofcontezoddrne’or

13 in the ver% g rectlon and the speed of novenent of the suction
“nozzl e 1l4a hol 7 % t%% Bﬁﬁbctor 3 are detected by the posi ti on-speed
jdetector 4% provided in the conponent nmount i ng head 23. The position

+sinformati on that changes
; INDUSTRIAL APPLICABILITY

As described above, the present invention provides an

improved method and apparatus for mounting components on a
circuit board using a suction nozzle that is moved linearly

15 up and down by feedback control of a linear motor. Control
is made such that the downward movement operation of the
suction nozzle effected by the linear motor is switched to a
pressing operation thereof upon detecting contact between
the suction nozzle and the component or between the

20 component held by the suction nozzle and the circuit board,
whereby the component is picked up or mounted in a
predetermined favorable pressed condition. Damages to the
component and the circuit board can be thereby prevented.
Accordingly, the present invention can be advantageously

25 applied broadly to the field of component pick-and-place
assembly systems.




120 from)mrren;,vot&, yyent I's supplied to a conparator 71

provi ded on
the input side of the position controller 61, and speed i nfiSTHHEPET s
tsupplied to a conparator 72 provi ded onszighe i nput side of the speed
jcontroller 62. Meanwhi |l e, a position command is issued fromthe
{position- 25 weighting controller 67. TRLAIMEsition command is
i nformation indicating the relationship between tine and the position
of the suction nozzle 14a, up until the target position in the Z

direction or the vegticah dbompehbff. mblinting WettHbd Reh&¥EMNEH Wompdnent
finally placed, and as such is 30 preset in the position-weighting

i controller 67 4Ad supplied by anBaBReneRt nBHRpRY Wit el lonpdr frisker] up,
The CO”paraéOrcZ}riQ§§te§882:)?§Q§t§§frg}:'t%n%eéﬂﬁé){r@tdboj%ct (BN AR 20N

comands occurring a

| 18 finds tbmpdaenat meanthagepositben fdeavsrig an doMpomait ammX ing theund
Is sent to the gosition controller 61. The position .controller 61,
ibased on that &é¢)athdh iffERRROFERAD DY aJBEing MAChAEER ddrinafds Wi ch it

| sends monent byogaEegh ke SohlBnSREPSLALDY kit T CUMAIARnpbheisnds ¢ he

1 devi ati on et ween t he spee nt or ma and speed conma ccurring at

| the exact samemountingnunéend3$3)hi shavacter spmedircdritatal | er 62. The

: speed Contféﬂl er 62thgagggp8£eﬁpehg§gifﬁé(¥Bol (14) is linearly moved up
and down for performing component pick-up and mounting
actions by feed-back control of a linear motor (16), wherein,
when the component handling tool needs to be moved down for
picking up a component or for mounting a component held on

15 the component handling tool on the mounting object, the
linear motor is controlled to effect a downward movement of
the component handling tool, and when contact is made
between the component handling tool and the component or
between the component and the mounting object, upon which

20 changes in control information of the feedback control of
the linear motor are detected, control of the linear motor
is switched to a pressing operation, whereby the component

is picked up or mounted in a predetermined pressed condition.

2. The component mounting method according to claim 1
25 wherein mounting of said component involves insertion of a
;§ part of the component in the mounting object.
éé 3. A component mounting method wherein a component
(3) supplied by a component supply unit (12) is picked up,
_ carried, and mounted on a mounting object (1) located at a
I 30 component mounting position, using a component handling tool
(14) that is supported by a moving mechanism (11) and is
; moved to the component supply unit (12) and a component

mounting unit (13), characterized in that:

N O A




-;infgfnation fr onparator 72, determnes the first 10 torgue co
RT1. Inthis vﬁg’]"t"ag“ he first step #S1, the suction nozzl ePC?%g’swossss
fdescends under both position control and g2s5speed control. At the

époint in time where the connector 3 reaches a poi nt i nmedi ately above
#the circuit board Xhe h:eommumrtt Staapl llifg dooier(ddy, iwhdriogaedyt mevegend
fcontroller 62 jssuges a command to that eff.ect t .t he

[ampl i 1ier 63 A G 2ok hexaammy i Conpenanto fandn o aceiS BYr Bredr s
suppl i ed iR [dsntrerofmlifneir Mbtor (%), RdRraIdt @hel®indlHs

t he suction nozzle 14a descends farther at a constant 20 reduced speed

under p05|t|(aniﬂnrkﬂ cominalded Hics efifget @h@ownwag@raayemsnﬁaﬁﬁ thet he
| near ot er Ae O DL JIC sor p¥ikANY FHE0RMABhCNE HEAEFUSC

there is n hé conn or 3 Conmes’into

contact with tire compurent thdirfrithgl tdult kelidserdew ahieomohatwhgnobiiect
position 25 information and the position command supplied to the
posi tion cont rBYYidy aftemEn HOsRREIeN &ﬁlﬁeﬁ@éeﬁftﬁ@e compgaepfoh3) has

i nformation arﬂ%émrfs@ééao %egg,%dﬁghg@fle (4h hanSEﬁsdmseﬂfc%ﬁJ_,fller

{62 becone | arge, whereupon t I rst ‘torque comran
fromthe speediciutr lll)gr &6l 3then montasds.is madieebetwekent keposmponent

comand | 1097 T Sl s e S0 T e B RBRH, SohSRREL el
detects the i Rg{iRaserdhdewe iid rc'ﬁnﬁr%rqu‘?lf‘b&m&@n-rbf the feedback control
of the linear motor are detected, control of the linear
motor is switched to a pressing operation, whereby the
component is mounted in a predetermined pressed condition.
15 4. The component mounting method according to claim 3
wherein said component is a component provided with leads
(2) such as a connector.
5. The component mounting method according to claim 4
wherein, when the component has made contact with the
20 mounting object, whether or not the leads (2) have been
inserted in the corresponding holes (4) in the mounting
object (1) properly is determined from control information
and position of the linear motor corresponding thereto.
6. The component mounting method according to claim 5
25 wherein, when insertion of the leads of the component is
faulty, mounting operation is repeated for the same
component.
7. A component mounting apparatus comprising a
component supply unit (12) for supplying components (3), a
30 component mounting unit (13) for mounting components on a
mounting object (1), and a component mounting mechanism (21)
for moving a component handling tool (14) to said component

supply unit and said component mounting unit, so that the

AR



19 wheref ore the switching unit 65 switches the torque conmand to

t he power anpl iWP&P2884fromthe first torque command T1 SerCTRyIVd38y3
speed controller 62 to the second torque command T2 sent out by the
torque controller 66. 5 After this swi4bch is made, a second t or que

command T2 r di 1 Lghg i CORTRA . hat
pressing force %%éﬁ§§E¥% ﬁ%&ﬁg e%gé%néégg? g to ?h%gé{lg%f§€§§§ﬁéﬁgﬁd 1
I's conputed by shppldedudyceatidokbfpofiént suppbgduniit tdwed thswsts csaid ant  of
the linear nmotor 16, and 10 this second torque command T2 is supplied to

the power afImPONents3 of henmountingi ARJERT t 1BSLh RRATRIRER MR g
3 is nounted in Ci | (PN et tinme period and under a
set pressing foF%gﬁHyc?%gkkfﬁgg%gﬁo%grtﬁgi The wei ghti ng command
information,5i s presaaifdocomponentnponehingsmechan dbsmepzh) tggmpuoises: a
conponent, and stor.ed in nenQry,  an I nformati on correspondi ng.to the
connect or 3.thafmwgnﬂéFﬁﬁhanlsﬁoﬁiﬁgdf?g SAPHPY TR HT TPTRRD ntckaé%11§g
posi ti on-wei ght iR@1CQAkOkbekaid cbhiponent suppfyi@hithifz) tded sydtehi ng
unit 65 is again switched to 20 the speed controller 62 side by a
iSWi t chi ng commaeg¢mpodead mounbynghunpbs{iddh- wei ghting controller 67, and

e T On, onmers iR uBRAE P EoFSPe D0y XIS o T in
pressure sheft 4boddonpsalddadvihghmebranisihi 06 meze | iddariy dp nawt ldown
fdrlven by at said component supply unit and said component mounting
; unit and to cause said component to be picked up and
mounted; and
a controller (22) for feedback-controlling said linear
15 motor, such that, when the component handling tool needs to
be moved down for picking up a component or for mounting a
component held on the component handling tool on the

mounting object, the linear motor is controlled to effect a

o Tt - o

downward movement of the component handling tool, and when

§ 20 contact is made between the component handling tool and the

component or between the component and the mounting object,

i upon which changes in control information of the feedback
control of the linear motor are detected, control of the
linear motor is switched to a pressing operation, whereby

25 the component is picked up or mounted in a predetermined
pressed condition.

8. A component mounting apparatus comprising a
component supply unit (12) for supplying components (3), a
component mounting unit (13) for mounting components on a

30 mounting object (1), and a component mounting mechanism (21)
for moving a component handling tool (14) to said component

supply unit and said component mounting unit, so that the

T L g oY ¢ oy gl V= AR

component handling tool picks up and carries components




it he linear not Wo&&zésgkthe axial direction thereof, and the 3
#is nounted on the circuit board 1 by a positioning action o'f)éﬁl?]‘%gﬁ%%x%éar

notor 16 and a wei ghting action that pregges the connector 3 with a
discretionary 30 force. The nmounting of the connector 3 is generally
performed by thsuppliedt byf saidhcemperemtSIsSuppAy wddc indetountsalsadd. 1t is

it hereby possible to s res e force. of . _i,mact .when the connector. 3
and the circuitcggg?agﬁeﬁoﬁé £He mounting object b %he compohen ﬁoungéng

linto contact, apfithecpaeset8gited ceén aghaunting tine can be set
discretionarily in response to a wei ghting comrand supplied to the
torque control | er 66Sajfiefempprent mounting Mashafisin (#8dnCORFLIEEEisRon

can be realiged, Vg{lgblgfmh;ﬂf%ﬁom? :fcﬁetn?&;l ge@%}ids cg&gty)h%ﬁg_, hg?aﬁﬁ(i}ﬂ‘ar’ SO

t hat t he contac ween-t he''suction nozz a an i rcul

jboard 1 is deteebell pysa tbasgidicompendmt (uppidgmmid gazngand shddt he
| i near notor 16 when the suction nozzle l1l4a or the connector 3 cones
into contact wi FAMPARERF BOMRLERG }RHt @)/ When the conponent is of

't he type whi ch needs,i | r ' t ' -t
yp a ﬂiﬁé%f "fotor &P fort NefRAhd BEQd P’ém&b&ﬁg‘rteggﬂta%gng

gsuch as the connector , an Ins on action 1I’'s involve
| eads 2 that toaleonhgaidswovimy mechanisme timgeveed inearhy vpr endt dbwar d
:1' 10 at said component supply unit and said component mounting
* unit and to cause said component to be picked up and
mounted; and

a controller (22) for feedback-controlling said linear
motor, such that the linear motor is controlled to effect a

15 downward movement of the component handling tool for
bringing the component held by the component handling tool
closer to the mounting object until after an insertion part
of the component has been inserted in a corresponding hole
in the mounting object, and when contact is made between the

20 component and the mounting object in a predetermined
condition, upon which changes in control information of the
feedback control of the linear motor are detected, control
of the linear motor is switched to a pressing operation,
whereby the component is mounted in a predetermined pressed

25 condition.

9. The component mounting apparatus according to
claim 8 wherein said component is a component provided with
leads (2) such as a connector.

10. A component mounting apparatus according to claim

30 9 further comprising a determination means (22a) for
determining whether or not the leads (2) of the component

have been inserted properly in the corresponding holes (4)

AT




I n order to ac s in anore failsafe manner, in this 15 enbodi nent,
i}”8§§#ér£

a predeterm ne nt pressing force is appl i ed from t hECT?®/PI893 he
| eads 2 of the connector 3 first make coptact with the circuit board 1
until the body 3b of t he connector 3 makes contact with the circuit
board 1, so in hdle toanitdads objece {(Dr ovgm JontwssT tigfdmiat idie dndserti on
20 holes 4 in the cgircuit bgard. 1. In order to do this

sati sfactori |y POS3iQs: °§elséé-fir dingar nBPtﬁEW‘E)?FﬁiP%th% ther %r tion

wh the | ds 2 h h
ere the leads 2 ngke C &)m“bh%ni ﬂoﬁh{:f % apparaXQf¥ %Jtchat | t%tr?eer-

contact detection is per osition
position where QIras.nbd@yw&lereﬁnZSwhehelneenemmroB tteé(r\qmnm is tfauthe,

circuit boad wher e eads 2 are conpl ete insertedq in the
Cnser t1 on hil et hE Sontrogdets feBEREs PURE SR QHRr 3H KA SRF 4N GRS

swi t ched to. compddlenits, the pressing action is switched to after the

connector 3 is in"a conpletely inserted condition. 30 The val ue of
the torque command varies at this tinme as shown in Fig. 3. At 401,
Jwhere the leads 2 of the connector 3 contact the circuit board 1 in a
certain speed condition in the second step #S2 described earlier,
contact is not 21 detected, and
the descent is continued further at that certain speed. At this tine, a

pressing force 402 for



s n -

S e i Vb 11 a2

inserting the | f the connector 3 into the insertion hol es 4 of

the circuit boar is generated for the linear 5 notor 16. Thd@APIYPSs3
when the | eads 2 are conpletely inserted until the body 3b of the
connector 3 nmakes cont act with the cincpig¢ board 1 as shown in Fig.
5A, the torque comand continues to increase, becom ng a contact
detection wei ghting val ue 403 tha Lewhjch is 10
| arger than the pressing force when in el.’tlng t he Ieads Z 0T, :the
connector 3 into the circuit board 1. hé conta d&ectgcm |un t he
third step #S3 i s nade based on thos, :welg al ueO40§,a 'the
downwar d novenent of the sucti Oh " 1z €] t g priessi ng
action in the 15 fourth step #S4, so thaf th or gdugs{;rmunrted in the
circuit board 1 with the set pressing folce 4 al ljyg= v» QA aft.er

rel easing the holding of_the connector 3'---t—he--suct-_i:§m ------- Prwz-l-e--'14a
ascends. Wien junder sone inflluence or other the ppsjtions of the
20 connector 3 and ci rCU|t board 1 areg skewed 4s §J9DWI’] inFig. i 5B, the
val ue of the torque conmand varies as hovvno'nn Fi 4.11p thiils case,
due to the positioning; 'fault, the t (Dco I contiphug¢s increasing

at the sane tine thacNtuhe | eads ‘UJ of | the cgrilegfor 3 ahd{the icircuit
board 1 make cont actw 25 and wil INquckI y incre § o the coptact! detection

POSITION
COMMAN

wei ghti ng val ue 4@3 that is sone tain <Cal ue. Thejcontiact

detection of thethlrck,step 3 is pefjforned at f/[hl': point ofi tinme, and
t he downward nmovenent &f themuction nozzle_ils \Ag) hed to tHe pressi ng
action in the fourth st:ep #§£Z The 30 [pre&Sing fd&Pce wWh{ ch |'s a preset

val ue, as shown in Figi E ------------ S !
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8, 1s not gener%&&ms &e | eads 2 of the connector 3 are not in the
rescribed positionon the circuit board 1, but since only aPQIVBPe%038gp
orce corresponding to the set weighting is

2 applied, the connector 3 and circuib peard 1 will not be

glamaged. Anot her enbodi ment is now described with reference to
igs. 5A and 5B. Fig. 5A represents the case where the 5 connector 3 is
properly inserted, while Fig. 5B represents an exanpl e where proper
insertion is not effected because the | eads 2 of Dhe connector 3 and

{ he insertion holes 4 of the circuit board 1 arebut of position. As
shown in Fig. 5A, because the connector is inserpgéd in the proper
bosition, 10 the position of the |ower end surface g the suction nozzle
{4a when the linear notor 16 is perforning the pressfhg action of the
fhird step #S3 cones to a height P1. In the caseChown in Fig. 5B
however, wherein a positional shift has occurredbetween the | eads 2 of
{ he connector 3 and the 15 knsertion holes 4 of thesircuit board 1, the
Jeads 2 of the connect are not inserted int insertion holes 4 of
1 he circuit board 1, wheFet the position of {tpe | ower end
'surface of the suction nozzle ]l4a n the |inear nmp&pr %Sll
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ijs perform ng the pressing action in the fourth step #54 20 cones to a
ei ght P2, whi cyd godzsgher than normal by the | ength of the éc?ﬁ%/gag;
tthe connector. This height is detected to determ ne whet her or ? The
onnect or has been inserted proper8y/. 9This determ nati on can be nade
utomatically by determ nation neans 22a that is an internal 25 function
f the controller 22. The specific configuration of the controller 22
nd the determ nation nmeans 22a can be variously altered, however.
kn a case where insertion is not effected as shown in Fig. 5B, the
ionnect or 3 is taken back fromthe component 30 nounting unit 13 while
still. suction-held to the suction nazzle 14a in the fifth step #S5,
ereupon the positions of t he cJ'r-mécgr. 3aind circuit board 1 can
gain be verified. The first to fifth steps #S1 - #S5 are then
epeated, so 23 that the
onnector 3 is nounted properly. Thus it is possi blz@é]o avoi d both
amage to the connector 3, circuit boardllo3or suctl,0n nozzl e 14a by
forcing an insertion operation i and having to
i scard 5 faulty conponents./(hu
facilitated with good work effi¢iengy and w thogdt} theftime
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gnd trouble of wgsphpidipg.- Such handling al so can be automatically

g@chi eved by the operation of the controller 22 not ed ear | i er PCTLOP99/05893
[ENDUSTRI AL APPLI CABI LI TY As descri bed above, the present invention
grovi des an i mproved nethod and app araf us for nounting conponents on a
di rcuit board using a suction nozzle tha{ I's noved linearly 15 up and down
gy f eedback control of a linear nmotor. Control is made such that the
gownwar d novenent operation of the suction nozzle effected by the

lEi near notor is switched to a pressi ng operation thereof upon detecting
gontact between t he suction nozzle and the conmponent or between the 20
¢onponent held by the suction nozzle and the circuit board, wher eby t he
¢gonponent is picked up or nounted in a predet ermi ned favorabl e pressed
¢gondi tion. Damages to the conponent and the circuit board can be

t her eby prevent ed. Accordi ngly, the present invention can be

hdvant ageously 25 applied broadly to the field of conmponent pick-and-pl ace
hssenbly systens. 24

Fig. 54 Fig. 58
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A corrponent }ﬁgﬁﬁéi‘%zmt hod wherein a conponent (3) supp&,%g}agsgg

gonponent suppl is picked up, 5 carried, and nmounted

founti ng object (1) located at a compon nmounting position, u5|ng a
¢onponent handling tool (14) that is su p}P ed by a novi ng nmechani sm
€11) and is noved to the conponent supply unit (12) and a conponent
gount i ng unit (13), characterized in that: 10 t he conponent handling
ool (14) is linearly noved up and down for perform ng conponent

pi ck-up and nounting actions by feed-back control of a |inear notor
£16), wherein, when the conponent handl jng tool needs to be noved down
jor plcklng up a conponent or for anhql nponent held on 15 the
gonponent handl i ng tool on the nounting object, the | i near notor is
gontrolled to effect a downward novenent of t he conponent handling
tool, and when contact is made bet ween the conponent handling tool and
ihe conponent or bet ween the conponent and the nounting object, upon

g ich 20 changes in control information of the feedback control of t he
l§i near notor are detected, control of the |inear notor is switched to a
9r essi ng operation, whereby the conponent is picked up or nounted in a
ar edet er mi ned pressed condition. 2. The conponent nounti ng

et hod according to claim1 25 wherein nounting of said conponent involves
ifnsertion of a part of the conponent in the nounting object. 27a

3 A conponent nounting nethod wherein a conponent (3) suppligg
¢gonponent supply unit (12) is_picked up carried and nounted an
founting object (1) locatef at a
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¥ e
bo conponent i.hg position, using a conmponent handling tool (14)
| Rt

that is suppor 3 4m)ving mechani sm (11) and is noved t ®CTHE99/05893
ﬁonponent supply unit (12) and a conponent nmounting unit (13),
characterized in that: 6 /9 25

t he conponent handling tool (14) is linearly noved up and down for
perform ng conponent nounting actions by feed- back control of a linear
ﬁntor (16), wherein the |inear notor is controlled to effect a dowward
movenent of the 5 conmponent handling tool for bringing the component held
by t he conponent handling tool closer_tgo the nmpunting object unti |
after an insertion part (2) of the conp em:éﬂn hﬁ% been inserted in a
icorrespondi ng hole (4) in the nounting object (1), and when contact is
imade bet ween the conponent 10 and the nounting object in a predeternined
.condi tion, upon whi ch changes in control information of the feedback
icont r ol of the linear notor are detected, control of the linear

nmotor is switched to a pressing operation, whereby the conmponent is

4, The conponent
id conponent is a
f§ connector.

lmounted in a predeternined pressed condition.
imounting nmethod according to claim3
fconponent provided with | eads (2) such

23

A

16 .




5. The éonpo nting method according to claim4 wher ei n, when
t he conponent Hgg%wg%%4contact with the 20 nounting object, whECREPIWE8Rot

the | eads (2) have been inserted in the corresponding holes (4) in the
nount i ng object (1) properly is det er hi/néd from control information

and position of the linear notor correspondi ng thereto. 6. The
conponent nounting nmethod according to claim5 25 wherein, when insertion
of the | eads of the conponent is faulty, nounting operation is repeated
for the sanme conponent . 7. A conponent nounting apparatus
conprising a conponent supply unit (A2). for sugplying conponents (3), a
30 conponent nounting unit (13) for mount ngco nents on a nount i ng
object (1), and a component mounting mechani sm (21) for noving a
conponent handling tool (14) to said conponent supply unit and said
conponent nounting unit, so that the

26 conponent handling tool picks up and carries conponents

supplied by said conponent supply unit and s said conmponents on
t he nounting object in the conmponent nountin
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unit, characterized in that 5 sai d conmponent mounting nmechani sm (21)
conprises: a WORHASAY nmechani sm (11) for noving said conponenPCHIPARHIESP
tool (14) to said conmponent supply unit (12) and said conponent
nmounting unit (13); a |inear mogoro(16) for causing said
conmponent handling 10 tool on said noving nechanismto nove |linearly up
and down at sai d conponent supply unit and said conponent nounting
unit and to cause said conponent to be picked up and nount ed; and

a controller (22) for feedback-controlling said linear 15 notor, such

t hat, when the conponent handling tool needs to be noved down for

pi cki ng up a conmponent or for nounting f? i onpéhent hel d on the
conponent handling tool on the mount i ng objec the linear notor is
controlled to effect a downwar d rrq‘?qrrmmm tbdsrc onent handl i ng
tool, and when 20 contact is nmade between the conponent handling tool and
t he conponent or between the conponent and the nounting object,

upon whi ch changes in control information of the feedback control of
the linear notor are detected, control of the linear notor is swtched
10 a pressing operation, whereby 25 the conponent is picked up or nounted
in a predetermined ~ pressed condition. 8. A conponent nounting
‘appar atus conprising a conmponent supply unit (12) for supplying
‘conponents (3), a conponent nounting unit (13) for nmounting components
;on a 30 nounting object (1), and a conmponent nounting nmechani sm (21)

for novi ng a conponent handling tool (14) to said conponent
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suppl<y unit and said conponent nounting unit, so that the conponent
handl i ng t ool %939@55% and carries conponents PCT/IP99/05893
27 supplied by said conponent supply unit and nounts said

conponents on the nounting object in the ggnponent nounting unit,
characterized in that sai d conmponent mounting nmechani sm (21)
conprises: a 5 noving nechanism (11) for noving said conponent handling
tool (14) to said conponent supply unit (12) and said conmponent
nmounting unit (13); a linear notor (16) for causing said
conponent handl i ng tool on said nnvygg.nechan'sn1to nove linearly up
and_down 10 at said conponent supply unit gl sai} @orrponent nount i ng
unit and to cause said conponent to ?RPI Gked up gnd nount ed; and

a controller (22) for feedback-contr né Qd d | rféat not or, such that
the linear notor is controlled to effect a 15 downward novenent of the

conponent handling tool for bringing the conponent held by the

conponent handl i ng t ool closer to the nounting object until after an
insertion part of the conmponent has been inserted in a correspondi ng
hol e in the nmounting object, and when contact is nade between the 20

conponent and the nounting object in a predeterm ned
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The component handling tool (14) is moved linearly up and down on a moving mechanism (11) by feedback control of a linear motor
(16) for performing pickup and mounting actions of components (3), The linear motor is controlled to effect a downward movement of the

the component held thereby closer to the component or to a mounting

object, and upon detecting changes in control information when contact is made with the component or the mounting object, control of the
linear motor is switched to a pressing operation, whereby the holding or mounting of the component in a prescribed pressed condition is




