Specification  Title of the Invention Met hod of generating data
* on-conponent arrangement Technical Field. _ The present invention
relates.to a method of generating data on conponent arrangenent at
"component feed sections in-an el ectronic conponent nounting nmachi ne.
Background Art One type of an el ectronic component nounting
machine is a nmounting machine as shown in Fig. 1 and Fig. 2, in which

el ectronic conponents are supplied from conponent feed sections 2a, 2b
fixed at det%%ﬁiqu positions, and the el ectronic conponents are nounted
on a circuit SBEsHatIULt at a fixed position by a nounting head 4 conposed

to nove freely in the X and Y directions. Conponent feed sections
in this type of electronic conponent. nounting machi ne include conponent
feed sections,as shown in Fig. 2, in which a pair of confronting conponent

feed sections T2He ofphg laventiogosed in the Y direction at an’interval, and
the X-direction positian _of each one of the conponent feed sections 2a, 2b
i s a conponent arr aMpthediofmesieratingglata on componppnt pEranEgMa™Hy nachi ne
havi ng such conponent feed sections 2, the arrangenent positions of

el ectroni c conponents were determ ned ' '

~Technical Field
The present invention relates to a method of generating data
‘on component arrangement at component feed sections in an electronic

component mounting machine. -

‘Background Art
One type 6f an electronic 'com_ponent moupting machine is a
mounting machine as sho_wn- in Fig. 1 and Fig. 2, in which elec.tro.nic
conii)onents are suppl'ied' from‘ coinpopent feed sections 2a, 2b fixed at
dete'x'fnined .polsitions, and the electronic components are mounted pn a
circuit board 3 set at A fixed posifiqn bj a mounting head 4 composed to.
move freely in the X ar_ld Y direétions. l
 Component feed sections;in this type of electronic ..coinponent
mounting méchine include component feed sections as shbwn in Fig. 2,
in which é pair of confronting component' feed sections 2a, 2b are
dispoged in the Y direction at an inﬁerval, and the X-direction position
of each one of the component.fee(_i seétions .21_1,' 2b is a cémponent
: hrrangem—eht position p.
In the mounting machine _haviﬁg such component feed sectipné '

2, the arrangement positions of electronic components were determined

._it-.



according to the flow of the prior art shown in Fig. 9. . - That i s,
at step 51, data of all electronic conponents (including coordinates data
of mounting position) to be nounted on a circuit board 3 is fetched. Next,
‘at step 52, the fetched data is sorted-into every Kkind of electronic
conponents based on the nanme and shape code. At step.53, the electronic-
conponents of every kind are rearranged in the sequence of the nunber of °
parts to be nounted, and the priority order is determ ned. At next step
54, distribution center coordinates (X, Y) of electronic conponents of
every kind on acrerdipgdgithegdaw pfdhe rrdepnt poends Kige9nean of the
X-coordinate and the nean of the Y-coordinate on. the basis of the

coordi nates data of dhatis) ekstepril dadaedadhelecinoniq egmponentg(inelyding t o
the priority order by the number of parts to be mounted, .the arrangemnent
position of ezeprdinases dataof moyaiing positiva) dp hermeuntad-on @i citcuib bpard

di stribution center coordinates (X ng The _arrangenent position of the
el ectroni c corfpiméetchedy iNexthatpytenrb2,ytheofelehed ddataf ist perted rinte @veny
position corresponding to the distribution center coordinates (X, Y) has
been already &isdgfeclecttonir edmpdnentst basedcondheiname amgesleane pods.t i b in
t-he nei ghboring bl ank position. . . In the prior art, electronic -
conponent s of stég 58; hbie ledeqfeonicnconponentstndrevery dung arentenrrangral it the ed
are preferentially assigned with the arrangenent position, and the

pref erenti al | weqaengmefithrosimiben of partmtrcke orwunted disd thépriositycedeeis
coordi nates. Accordingly, the prior art has a certain rationality for _
shorteni ng t heletexqninesld nAvinegt stipbdndsteibutivn centericogrdimates (XyWEYef, t he
foll ow ng problemwas involved when determning the priority order of
arrangenment pededtramic components of every kind on the circuit board are determined

as the mean of the X-colordinate and the ﬁ_ean of the Y:_poordinate on
the basis of the coordihates data of each electronic component. At ste\p
_5'5, according to the priofity'order by the number of parts to be mounted,
the arrangement positibn of.each 'e'leci;.ronic component is determinéd
according to the - distribution center coordinate‘s X, Y); The
.arrange.ment position of the e'iectronic component low in the priority
ofde_r is, if the arrangement position corr‘espondihg to the distribution
center coor'di_nates (X,'Y) has been already assigned, determined at the
closest arra‘ﬁgement position in the_ﬁ_eighboring blank positlion.

_In the prior art, electronic components of the kind larger in the
number of components to be mounted are preferentially assigned with
the arrangeme_ht position, and the preferentially assigned position is

based oﬁ the distribution center coordinates.. Accordingly, the i)rior
art has a certain rationality for shortening the required moving
- distance of the mounting head. Hdwev_er, the following prbblem was

involved when determining the priority order of arrangement position

P



anong el ectronic conponents -nearly sane in the nunber of components to be
. mounted: That is, when the distribution center coordinates are nearly sane
and the arrangenent position is identical, supposing one kind is slightly
| arger in the nunber of conponents to be nounted but ‘is wde in.
distributed state of nounting positions of the electronic conponents

bel onging to the sane kind, while the other is slightly smaller in the.
nunber -of conponents to be nounted but is nutually close in the nmounting
positions of electragnic conponents bel onging tq he sa kind and is hence
‘narrow in di smomaéqctgpameqomwnwsmﬁaéfy ggme 1o IHFFE%’Q PORYMS on i s,
preferentially determ ned for the el ectronjc  conponents belqnging to the
ki nd Wi der i nta he mipwetedsut Eaatistvehen \Pherﬂlﬁﬁéb'a?lf’arfgéﬁ%‘h?“ffgég‘f"ie r4es
determined in this way, it is general that the effect is larger in the

di stributed sheadytsrame amd; the aorangemgnt posisioneif endioad. sRRPRERE ON%d as a
result, as conpared.wth the case of determ ning oppositely, the noving

di stance of tkindrinislightlyHeager in the myanberapficamponenis fonbe Bqunted Ryt | s

| ower ed. Di scl osure of the Invention - In the Iight of the above
probl ems, theid wide im\déstrilowtedf stdte o meowntingppeditiansoef Bhealeeisonicet hod
of generating data on conponent arrangenent, which is a nethod of : '
gener at i-ng datemponentypbehnigingrtoablye rsamte ikind, whide ithe othsri i slightly
mounting an el ectronic conponent supplied from a conponent feed section
fixed at a demellErnedtiposiumber ofi campiomenis thdeer thmuitedtbut is mutusdlyi ti on
by.a nounting head conposed to nove freely, in which the distribution

3 ~ close in the mounting positions of electronic components belonging to

: the'same kind and is hence narrow in distributed state, in the prior art,
the arrangement position is pref‘ere.nt'ia_lly determined for the electronic
componeﬂts belonging to t.h'e _ki-nd wider in. the distributed state.

* When the arrangement p'o_sition is determined ih this way, it is general
that the effect is lérger in the distfibﬁted state than in the ﬁumbe‘r of .
components to be niounted_., and as a resul_t, as_compared with the case
of determ-ini.ng oppositely, the moving distance of the mounting head is

longer, and the mounting'efficiency is lowered.

Disclosufe of the Invention
In the light of thé above pro‘ble_ms, ltl.lle first invention of the
present applicafion provides a method of generating data on component
- arrangement, which is a method of generating .aata on componerit
arrangement in a mounting machine for mdunting an electronic
component supplied from a component feed section fixed at a
determined position on .a circuit board set at a fixedl position by a

mounting head. composed to move freely, in which the distribution

<=



center, cqQordinates and distributed state values of electronic components
on a circuit board assorted in.accordance with their kind are determ ned,

t he arrangenent position of each el ectronic conponent at a conponent feed
section is determ ned based on the distribution center coordinates, and
when the arrangenent positions of nore than two ki-nds of electronic
conponents thus determ ned are the sane, the arrangenent position of the
el ectroni c conponent having a smaller distributed state value is -
preferentially determ ned. L The secopnd, .jnvention of the prese . -
appl i cati on pr8YeFescePLRRALS o?‘ngerfgﬁﬁ"t‘*’ﬁﬁed]défaateonv%‘b‘ﬁﬁorféitg]zt?FFré’l‘?Q;"errent ,
being a net hod of generating_data_ ,on _conponent arrangenent_Jjn._a, npunting
machi ne for mSOMACRGEH °ne¥é’é{%hibeaé‘$r?ﬁé%fﬁ§ o petoréanss ot t@swp"grre%t
feed section fixed at a determ ned position, on circuit bgard set at a
fixed positiofrpyeiterminadithy arcanseBapboesition poracks sleettpnic gomppaant ne -
distribution center coordinates of electronic conponents on a circuit
board assorte@t & fompomeahrieediachionhiy dekeninedebagadeppi theg digtsibution
arrangenment position of each el ectronic conponent at a_conpgnent feed
section i s decentameeprdinates. asd when the anrapgamesst pasiiens of mexns Hharks,
and when the arrangenent positions of two kinds of electronic conponents
thus deterni hwe kindstofcelearonihgorapanents thus Heterminedarevihensamehthe

el ectroni c conponent’ i s nounted at .the sane arrangenment position and. a
substitute ar marergemenpaosition, ofetht elestiragicicempnvent hajdngraismaller t he
di fference in the noving distance is determ ned by replacing the
arrangenent pddstributedf séateh valeetisopreferentiablnidetaninede Iheasgeonsht
position of the electronic conponent having a snall er ' :

4 : -invention of the present application provides a method of generating

/

data oh component arrangement, being a method of gg’neratiﬁg data-.on
' component arrangenien’t iﬁ a ‘mounting machine for ‘mounting an
. eléctrbﬁic component supplied from a component feed section fixed at a
determined position on a cil:cui_t board set at a fixed position by a
mounting head composed to move freely, in which the distribution
center coordinateé of electronic components on a circuit board assorted
in accordance wiﬁh their kind are determined, the #rrangement position
Qf each electronic component at a component feed section is determined
based on the distribution center c'c.mrdinates,_ and when the’
arrangemént positi_ons' of ltwo kinds of electronic compohents thus
determined are the ~same, by simulating the mdunf.ing when each
electronic component is r_nounfed at fhe same afr'aﬁgement position and .
a subsﬁtute érrangement‘pos’itipn, each inoving distance is determined,
the difference in the moving dista_nce is determined by repiacing the
arrangement positio‘ﬁ. of each elecironic | component, and the

arrangement position of the electronic component having a smaller

™



di fference in the novi ng di stance is preferentially determ ned. Bri ef

: Desc.r_fpti on of the Drawings - Fig. 1 is a schematic perspective view
showi ng an el ectronic conponent nounting nmachi ne. Fig. 2is a
-schematic plan view showing the relation of conponent feed section, '
circuit board and mounting head. . . Fig. 3is a flowhart of a nethod
of generating data on conponent arrangenent in an embodi ment of the -

i nventi on. Fig. -4 is a flowhart showi ng essential parts of the

nmet hod of generating data on conponent arrangement.i he enbodi ment of
the. inventi ofifference in thejgoving Sisfaneh¥mars r“iﬂtéﬂli’/ira@ AP %hg the
operation of an electronic conponent nounting nmachine in the embodi ment of
t he invention. Fig. 6 is a schematic plan view show ng the '
operati on of an. el ectronic conponent, mounting machine in the enbodi ment of
the inventioBrief Descriptign gf theiDrayvimgsuchart showi ng essential parts of a
nmet hod of generati n%. data on conponent arrangengnt. in ot her enbodi nent of
the invention. ig. 1fipp sghematicsperspaetive giiaW showingan sigetpaic
operation of an ‘el ectronic conponent nounting machine in the other

enbodi nent of compongnyermuingiang machine. Fig. 9 is a flowchart showing a
conventional net hod-of ' 5

Fig. 2 is a schematic plan view showing the relation of
‘component feed section, circuit board and mounting head.

Fig. 3 is a flowchart of a method of generating data on
component érrangement in an embodiment of the invention.

Fig. 4 is a flowchart showing essential parts of the method of
generating data on component arrangement in the embodiment of the
invention.

Fig. 5.is a schematic plan view showing the Opera_tibn of an
electronic component mounting machine in the embodiment of the

~ invention.
Fig. 6 is a schematic plén view showing the "opération_of an
electronic 'componént mounting machine in the embodiment of the
o . invention.

Fig. 7 is a flowchart sh‘owing essential parts of a method of
generating data on component arrangement in other embodiment of the
invention.

Fig. 8 is a schematic plan view showing the operation of an -
electronic componenf mounting machine in the other embodiment of the
invention.

Fig. 9 is a flowchart showing a conventional method of



generating data on conponent arrangement. . Best Mdde for Carrying Qut the
I nvention - ‘To solve the above problens, in the first invention of
the  present application, in the process of deternining the. arrangenent
position of each el ectronic conponent at -a conponent. feed section on the
basis of the distribution center coordinates, when the arrangenent
positions of nmore than two kinds of electronic conponents are the sane,

t he arrangenment position of the electronic conponent having a snaller

distributed state value |s preferentially deterpmined. |n this .
constitution, g%e%h%ﬁgta \ﬂﬁt"l‘?népoc%?é’é Wxﬁg?lé‘?ﬁlmni ng the arrangenent

posi tion of the electronic conponent oppositely, the noving distance of
the mounting head is often shorter, and hence the nounting efficiency my

be enhanced. g}nqt:he second j.nvention of the present application,
inthe proceBgsbMeda tarrayrying '-’a‘i}’reaﬁ'ﬁ'@r?g’rﬂn position of each electronic
conponent at a conponent feech;e_tion on.the hasis (cﬁ %tthe di stributjon
center coordinates, WetPlvhet Y. RAADISNYE; tlf‘ohée r V\B“ﬁﬁniﬂ)? (5);IJ the
el ectroni c conponents are the sane, by sinul ating the noynting when each
el'ectroni c coRPRIRMHt _aPEhﬁ%fdﬂ{‘eélngﬁ‘et Hé°%"éﬁe°§rdf95 Rg tk o????’lﬁ?’%?fbt a
substitute arrangenent position, each noving distance ig deferm.ned, the
di fference i npesidiaroof sgchialeetteniq compprent abe 9mPPBpRE fog spridon on
arrangenent position of each el ectronic conponent, an}cli tFe arran%ﬁmsnt
posi tion of t ble basis ofothecdissrbaision conter sgordiaaies, srhenythe areangement e
nmovi ng distance is preferentially determned. In this :
6 . positions of more than two kinds of electronic components are the same,
'the arréngement positioh of the electronic component having a smaller
distributed state value is .preferentially, determined. In this
constitution, as compared with a case of .determining the ar_rah_gement
posiﬁon of the electronic compdnent op.positely,. the moving distance of
the moimti-ng head is often sl}orter,' and hence the mounting efficiency-
may be enhanced.

. In the second ‘invention _of the present application, in the
proceés of determining the arrangement position of each e_le_ctronic
component at a component feed section on the basis of the distribution
center coordinatés, when the arrangement posii_;ioris of two kinds of
electronic cbmpohehts are the same, by simulating the mounting when
each electronic component is mounted at the same arrangement
position and a substitute arrangement position, éach moving distance
is determined, the difference in the moving distance is dete-rm_ined by
replacing the arrangement position of each electronic component, and

the arrangement position of the electronic component having a smaller

différénge in the moving distance is preferentially determined. In this

Ll



constitution, as conpared with a case of determ ning the arrangenment -
‘position of the electronic conponent oppositely, the noving distance of
-the nmounting head is often shorter, and hence the nounting efficiency may
be ‘enhanced. - In the second invention, same as in the first
‘invention, it is intended to shorten the noving distance of the nounting
head depending on the distributed state, but not limted to the
distributed state alone, it is also possible to consider other factors
such as the nunber of conponents to be nounted. Hence, as.conpared wth
the first in¢eRefibrtionnas &?Wﬁ%ﬂé’i‘ﬂt‘gpﬂjgﬁ‘? Bﬁgetﬁr%ﬁﬁ%ﬁéﬁ%r $epent
determ ned nore rationally, = - | Ref erring &g& t%-the dra&dngs,

enbodi nent s oPosHion al Ehe edprtrenis componantPRResitely;thejapying distance of
(First enbodinent) . Fig. 1 and Fig. 2 show an el ectroni¢_conponent
mounting mackhpanewntineieadnis pltensdroster; pad; henge thammounting Pﬁfep,lency
conponent .feed sections 2a, 2b, a circuit board 3, and a nounting head 4.
They are sanmmagbeemhanged. above. In Fig. 1, reference nuneral 2 is a
conponent feed cassette for feeding conponents to the conponent, feed.
sections 2a, 2b. In the ggegnd3invengion, seamkeras Bhabe dirsh insentanoit is
generating data on- - conmponent arrangenent -in this enbodinent. As shown in
this = fl owchaintenstedsttep shortem sthsf mpving elistantiec of othonmeunting cheal ng
coordi nates data of . nmounting position) to be nounted on a circuit board 3
i s fetched. Neependingsoephz, disteibubed séategdiet nat Horited to the distripukédd

7 _ '

state alone, it is also possible to consider other factors such as the
number of components to be mounted. He_rice, as compared with the o
first. _inven'tion, the arrangement positions 'of_ components can be
determined more rationally.
Referring now to the &rawings, embodiments of the invention
" are described in detail below. |
(First embodime'nt)_
Fig. 1 énd Fig. 2 show an Ielectronic.compdnent fnounting
.machi_n_e to whi_ch 'th'e method of the iﬂventidn is applied, cémponent
feed secti_d'né 2a, _2b, ‘a circuit Board 3, and a mounting head 4. They
are same as explained above. ‘In ‘Fig. 1, reference numeral 2 is a
_cominonent feed cassette for feeding components to the component feed _
. seqtions 2a, 2b. |
Fig. 3 is a 'ﬂowchart-showing.é met-hbd of generating data on
component arrangé_ment in. this embodiment. As ._ shown in thié '
flowchart, at step 1, data'of all electronic components (inéluding_
coordinates dafa of mounting position) to be mounted on a circuit boafd

3 is fetched. Next, at step 2, the fetched data is sorted ihtd every kind



of electronic conponents based on the nanme and shape code. At step 3,
‘distribution center coordinates (X, Y) of electronic conponents on the
circuit board are determned as the nean of the X-coordinate and the nean
of the Y-coordinate on the basis of the coordinates data of each

el ectroni c conponent. At step 4, electronic conponents of each kind are
rearranged in . the sequence of the nunber of conponents to be nounted, and
grouped into a first group with the maxi num nunber of conponents to be

nount ed, a secqn royp of the next largest nunber, . ..., and gn Nt h_group
BEih the mi o PARISATHIUE comRanends hrar L od dbg NARE ARAishoBe 5pdfn: b b dnen! -
‘to be mounted j s the first group, a grup.wth 24 to 20 conponents to be
mounted is t hdigiiRsdon septer coordipatgso(h W) O eleftronis QURPUSAIBANtRE (o be
mounted is the, (N-1)th group, and a group with one cgnponent to be nounted
is the Nth greciigyit hpard @lse5&9?@1%195@#@3@%{9@%&%95%%%mndnﬂa‘he
first. group with the maxi num nunber of conponents to be nounted is

det er m ned. Ameanpf dhe ¥reagrdinate oni theohasiexef the aepndipatesndigenk each
arrangenent position determined at step 5, the ' conponent arrangenent
position in tledectvemigdcampeneitay A stere 4s edentronigreparponanifinfreash kind
conponents to be nounted is determned. At step m1l and step m the
conponent ar r argeraarranged tinoblze seauercq Nf 1Bheh nymhey ah ¢omnonegtoip be e
determ ned respectively. The invention is applied in determning

t he .conponent meuntedgaemdngrowpsidtindn avfirst eraure witlo tie imaxtimaug rroupbexnef h
relatively |arge nunber of conponents to be nounted such as the first
group with tlcempauientsn tunlpermofintedhpanerecond ogbeumpedttbe aveatt hlargeet ond

number, ..., and an Nth group with the minimum number. For
example, a group with 25 or more components to be mounted is the i'i‘rst .
group, a group with 24 to 20 components to be mounted is tiie seco_nd
group,..., a group with four to two oomponents to be mounted' is the
(N- 1)th group,. and elgroup with one component to be mounted is the
Nth group. At step 5, thé_ component arr.angem-ent position in the first
group with the maximum numlier_of components'to be mounted is
determined. At step 6, among the positions excluding the component
arrangement position .determined at - step- 5,,l the component
arrangement position in the second group having the second lergest.
number of components to be mounted is de.termineti. At step- m-1 and
step m, the component arrangement positions of the (N-1)th group and
_Ntli group ai'e determined respectively.
The | invention is applied in determining the oomponent
arrangement position within the’ group‘z in the groups with relatively
- large number of components to be mounted such as the first group with

the maximum number of components to be mounted and the second



group with the second | argest nunber, and the detail is described bel ow
.On the other hand, in the Nth group with the small est nunber of conponents
to be nounted and other groups with relatively small nunber of conponents
to be nmounted, the priority order for .determ ning the conponent
arrangenment position.is determ.ned by the order of nunber of conmponents to
be mounted and the predetermned - priority order by the kind. For exanple,
in the Nth group with only one conponent to be nounted, the priority order

of determ ning the conponent arrangenent position s the_ predeterm ned
priority orde®rByP Wlﬁéqﬁrﬂﬁ&?orgmaqgﬁstﬁsmb&faw& ﬁge éﬁF%ligFe r1 {’?li"ﬁ’ns |
‘excluding the arrangenent paqsitions determned at step 5. to step m1l, the
arrangement p&dn thhengthar i‘laéét rigntie clgﬁ'ﬁ)(%éﬁi’swé&b ti‘éqﬂéﬁ’flfe&‘l mpmber of oi ned
so as to be . closest to the coordinates position on the circuit board (in .
this case, CoOCABIRINGEH tohbehmonnded; aud| fhexenteyprs gbh drelatizely smelldi ng
to the priority order. Fig. 4 specifical I)é shows 't he net hod of
det ermi ni ng t mambetmpehepempppenkientnt bposmeunded; nthee priority orsles. fax
shown in the flowhart in Fig. 4, at step 11, the arrangenent position of
electroni c cdeperminisgdheccamponent suapggmentinositien fip deteryningd by the
provisionally determ ned according to the distribution center coordinates
(X, Y). For exdeploé numbehoiwomponegis so behmounted andathre predetgominedns of
certain electronic conponents are a to d (in the drawing, only four parts
are nounted f @riatity ouder by thienlindci tHor bxampdercimathy Ntdr graunpotieondy are
mounted, which is same in Fig. 6 bel'ow), and the distribution center
~coor di nat es avoae(otimpaiignt tédec onported; theairiexty icrdefafcdetseminingythen
- component arrangement position is the predetermined priority order by
thé-'kind, and in the remaining arrangement positions excluding the
arrangement positiblris determined at step 5 to step m-1,. the
' .érrangement, positions of electronic components are sequentially
determined so as to be closest to the coordinates position on the
circuit board (in this case, coinciding with the‘ distribution center
coordinatés) according to the priority order.

Fig. 4 specifically shows the method  of dete'r_mining the
component arrangemént .position in the first group. As shown in the
flowchart in Fig. 4, at step 11, the arr'angement.p.osition of electronic
compoﬁents of each ._ki'nd_ belonging to the first group is provisionally
determined according to the distribution center coordinates (X, Y).

~ For example, as shown in Fig. '5, when the arrangement -pbsitions of
certain electronic components are a to d (in the drawing, only four parts
__aré mounted for the sake of simplicity, but ge.nerally more components

are mounted, which is same in Fig. G-below), and the distribution center

coordinates are (X1, Y1), the component feed section 2a closer to Y1 on



the Y-coardinate is selected, and.the arrangement position p 1 closest to
X1 on the X-coordinate is provisionally deternined as the arrangenent .

position for this conponent on the conponent feed section 2a.

Whet her thus provisionally determ ned arrangenent position is duplicate

bet ween el ectroni c caonponents or not is judged at step 12. In this case,
if there is no ather el ectronic conponent at the sane position, at. step

17, the provi.sional determnation is the final determ nation, and the

arrangenment paositjon af all electroni conponents of the firs r is
det or i nod.  the Y-coordinafeis selerisd, A he; am"?ngemﬁr@\ﬂog}%?fapﬁﬂo%é? £ i ned
arrangenent pqQsition is dupl.icated amng .el ectroni ¢ conpopnents, at step
13, first. inXhendheXrant ne&mnmlswluu%ﬁeswﬁ a5 tOR AFFARFEMEDE o
provi sional |y determ ned arrangenent position is dgte mned as the final
posi ti on. Anofysitien dopthisspmpersrithhe cpppgnenblesd yectith é2ni ned at the
remai ni ng sane arrangenent positions, the arrangement position anpng the
el ectroni c conponent ¥hethest €rus peevisipnadlyedetermiped cagrangement nogition
distributed state value, and the el ectronic conmponent wth the small est
di stributed stiadapligated bstweenelackanip pompopents gr aet is mdeed atwtep 12 he
provisional position as the final position, and at step 16, the electronic
conponent of tImethisxcasaeifl thare Wi porothercelestromic \componentsat dbe cepme om
the renmining arrangenment positions, so as to be closest to the B
di stribution aesitdencoth ditept 45, thel prdvisiepabndetermingbiont iisnthe finad| |y
determ ned, and thereafter the arrangement position is finally determ ned
simlarly. = determirafiomxaapd e theharrahgemlentt mositdor owforadht elictrgnich
10 | N |
- components of the first group is determined.
On " the other Bhand, if the prolvi'sionally determined
~arrangement position is duplicated among electronic components, at
step 13, first, in the electronic 'c'omponent not duplicating with others,
the provisionally determined 'arrangement position is determined as
thé_final position. Among th_e electronic components provisionally
determined at the 'femainin‘g same arrangement positiox_is, the
_arréngement position among the electronic eomponents is determined
at step 14, by calculating the distributed state value, and the electrohic
component with thé smallest distributed state valu.e is determined by
priority at step 15 to fix the provisiona.l. position as the final position,
and at step 16, the electronic component of the next smallest
. distributed state value is selected from the remaining.arrangement
positions, so as to be closest.to the distribution center coordinates, énd
the arrangement position is finally dei;erm-ihed, and thereafter the

arrangement position is finally determined similarly.

For example, when the electronic component of which

10



di stribution center coordinates are (X1, Y1) at:nounting positions a to d
in Fig. 5 and the el ectronic conponent of which distribution. center '
coordi nates. are (X2, Y2) at nmounting positions e to hin Fig. 6 are

provi sionally determ ned .at the sane arrangenent position pl, the
distributed state value is deternined in the following formila (1), and
the el ectronic conponent having the smaller distributed state value a
(specifically the one shown in Fig. 5) is finally determ ned-at the _
arrangenment positi , While the electr onent . havi ng. t he o
larger distri Pgdggflﬁi’é’eﬁ'&?%‘é"’[raf"fﬂteﬁ?5@2% Xi?ngni‘ﬁ’é‘ b‘?%pg W?sl‘ht‘ﬁig.- 6)
is finally deterﬂned at . ot her, posi tion

and the”elggtroaie ecpmxior{eert <}f, which f{IéFrrl})uQPe fHET hs of

---- (1)

i ne segnments |in bet we . hou g. |t|ons

B, ..., N and cpﬁé‘li(laa ??.%ﬁtﬁg% Yahat: mossiting, gogitions o"to Wik B arepo. nt
0, nis the nunber of co nents to be nount ed.

As the distri Brogipienshy ﬁ@me i tfe the GAMe 3 raBRemEnt Psiting) Bl. the

(1), the sum[err]. of the line segnents shown in forma (2) nay be al S0
used, distributed state value i detgrmined in the following) ormula’ (1), and

Al ternati vely, as the distributed state val ue,_a pol ygonal area
encl osed. by mfbﬁtq pefrpBLg ¢qmpanent baving, thel\?leaﬂ%él%tr tepptatryalue o
In this exanple, as the arrangenment position of the. electronic

conponent , t hdspecifigalynthe oned skowsoinli Fig: eblie firaldy defeamined at the
si mul taneously, but it is also possible to determine the X-coordinate

and Y- coor d| naﬁreanmenmmswonml,twﬂnslet the elwtmme@@nmmrﬁg haping the

larger dlstnbuted state value @ (specifically the one shown in F1g 6)

is finally determmed at other posﬂ;mn.

AO+BO+-+++-+NO

n .
evhere :4—6, BO, ..., I—VB are lengths of line segments linking between
niounting ﬁositions, AB,..,N a‘n‘d_the distribution .center 'c':oordi_nate
point O, n is the number of components to be mounted, |
As the distributed state'va‘lue,-as'ide from @ shown in formula
'(.1), the sum _B -of the line eegments shown in formula (2) may be also.
 used. |
B=TO+BOF v 4 WO coorerime ()
Alte;natively, as the distiibuted sﬁate_ value, a polygonal area
enclosed by mounting positions A, B, ..., I\} can be also employed. |
In this example, as the arrangement position of the ele'ct_rohic '
- component, the X-coordinate and Y-coordinate are determined
._ simultaneoﬁsly, but it is alse boseible to determine the X-coordinate

_and Y-coordinate individually. At this time, when determining the
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arrangenent position, the priority nay be given to the one srral_ler in the
distributed state value in the X-coordinate and Y-coordinate individually.
As the distributed state values [err] x, [err] v, preferably, “formula (3)
~and formula (4) should be used. [err] :
---(3) [err] S _

---(4) where Alerr], Bferr], ..., Nerr] are X-coordinates of nounting

- positions A B, ..., N A[err],- Blerr], ...,.Nerr] are Y-coordinates of
nounting positions A. B .. N, Xerr] is the X-coordinate of the
«di.stribution eém@em%'eppptl@,tm DPrigpiéy dnayitbe givenhie thii one ismallemin
center, and n is t-he nunber of conponents to be nounted. Al'so in
the groups rekhei distyibudedestatet iWeluriniperthef X-canrdbmate: sindo Yeoomdinatel
~after the second group at steps 6, 7, ... shown in Fig. 3, the conponent
arrangerent pdsdividwallyt hids ¢ e glistiribuused catnte malues aGobr ¢ ngpteferably,
~flowhart shown in Fig. 4. (Second enbodi nent) O her
enmbodi ment  of faienela’r(aiantbfomuhﬂ@ra@mm&)epmdll on of the first group at
step 5in Fig. 3is ile referring to the flowhart in -
Fig. 7. The process (6rasKep £+ o(BkeK A i’sksame-as +n(Ntxbé(J) r’st

enbodi nment . 0x= 21,.--t(t3
arrangenent posi ti of all el ectroni c conponem s bel ongl ng to.the first
group i s provisional] f th ~ Lon center -

coordi nates (X, V). A AnexY dte 2By+Y, Dsz frudged -i-f + r(e\l,p+m(,|)sPonaI |y
12 - dptenf he. (4)
el ectronic _
where Ay, Bg, ..., Nx are X-codrd-in’ates of mounting posi_tion_s A B, .. N,
Ay, By, ..., Ny are Y-coordin_aﬁes of mounting positions A B, .., N, Xo is
the X-coordinate of the distribution eenter, Yo ie the Y-coordinate of the
distribution centef, and n is ﬂie number of componente to be mounted.
Also in the éroups relatively large in_ the number of
' components to be xﬁouﬁted_ after the second group -at steps 6, 7, ... shown |
in Fig. 3, the coniponent arrangeﬁent position within th group is
determine.d according to the flow(_:_hart shown in Fig. 4.
(Second embodimen_f) '

. Other embediment of determination of arrangement position of
the fifst group at step 5 in F1g 3 is described below while referring to
the flowchart in Fig. 7. The ptdcess from step 1 to step 4 is same as in
the first embodiment. | _

As shown in the. flowchart in Fig. 7, at step 21, the
arrangement position of all electrOnic components belonging to the first
group is provisionally determ.ine-d' on the basis of the distribution eenter

coordi_nates (X, Y).‘ At next step 22, it is judged if the provisionally
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conmponents or not, and if the electronic conponents are duplicated at the
sanme position, .at step 31, the provisional position is finally determ ned,
and all el ectronic conponents of each kind of this first group are
determined in the arrangenent position. - On the other hand, if the
provisionally . determined arrangenent position is duplicated anong

el ectroni c conponents, at step 23, first, in the. electronic conponent not

duplicating with others, the provisionally determ ned arrangenment position ~

is determined as the final position. At nex ﬁte %4, annqgltgg | ectronic
conponent s . dulstexmined pprangement, Pepien 1y ‘{}E’t é‘raﬁ? SHRBBE | YR LTS 5
-judged if the nunber of electraonic_conponents duplicated ia tﬂs @ﬁﬁﬁt'
provi si onal | y cotsemenitnon nsdsandod the qlgetrenis 6p@RPEER JrofupHrated a _
conponents or nore.. If three or nore electronic,qonpﬁnents are gy |.L cat ed
in the same phevpamenaopitient atnfiepd 3osthe Rrovigionpy Pogstion s ents
t hereof are determ ned bx@griority. At this time, the ﬁriprit¥ ﬁrdgr I's
det er mi ned by determinashrand albeleitsomic eompenemitnekgaghdindeof shisy &l ni ned
priority order by Kkinds. Wien the nunber of duplicated electronic
conponent s i s grodpextetdetbemingd in the agrpugenaentype#tiony conponents are |
sel ected at’ step 30, at next step 25, -substitute arrangenent positions of.
these two conponents Gum e theovettiesnahand, déf eithe nerrovigionalyn defermined (e
first arrangenment position pl is already determned provisionally on the
basi s of the dirsangémendrposétiveris duplicated: amongnelectranieicomppnentsedbnd-
arrangenent position p2: closest to the first arrangement position pl anong
't he remai ni ng saép @3gdimnt in the electronic component not uplicating witlg others,
positions is provisionally deternmined as the substitute arrangenent
posi tion. the provisionally determined arrangement position is determined as
the final position. At next step 24, among the electronic components
duplic_ated in the provisionally determined positions, it is judged if the
number of ‘electronic components duplicated in the same provisionally _
determined position is two components o-ri_ly or three components or
more. If thrée or more electronic components are duplicated in the
same provisionally determinéd position, at step 30, two components
thereof are determined by priority. At this time, the priority order is
determined by the ‘number -of components to be mounted and the
predeterniined pridrity order by kinds. When the number of
duplicated electronic components is judged to be two at step 24, or when
two components are se]._eéted at step 30, at next step 25, substitute.
-arrangement positions of these two components are provi-sidnally
‘determined. As shown in Fig. 8, the first arrangement position pl 'i_s
already determined provisionally on the basis of the distribut_ion center

coordinates, and in addition, a second arrangement position p2 closest

to the first arréngemént position pl among the‘_ remaining arrangement,
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At next step 26, as shown in Fig. 8, by nounting sinmulation in the case of
setting the first electronic conponent with mounting points a to d and .

di stribution center coordinates (X1,. Y2) at the first arrangenent position
pl,” the noving distance L1 of .the nmounting head is deternmined, and then by
mounting sinulation in the case of setting the first electronic conponent
.at the second arrangenent position p2, the noving distance L2 of the
mounting head is deternined, and the difference in the noving distance
[err] L (=L2 - L1) is determned. ,Simlarly, as fot f.he second el ecironic
component ( noPostifRs) is mravisignally datermin al?l?hq_f“&ﬁf)‘twcﬁ/iaﬁﬁa%ﬁ"s‘%\ﬂfce
difference AL are deternmined. At the next step, conparing the difference
AL of the noPP#§f-stance between the first and second components, the
arrangenent position of the electronic conpgnent of the smaller. difference
AL in the noving di sbhrextistep 2RapsPhawmeimied by meantinestimulation ifent
position pl. At step 28, anpng the duplicated electronic |, -
conponents, i the sas¢ gfgetting thadirst e&q%mme COBHMSRLWIBImOBRUNgE RAIALE n t he
arrangement position is one conponent or not. |f the nunber of duplicated
“el ectroni c compdnedt gnds disiaifeution erntepoceprdinates2fX1; nE2) Athdhe ofirst

el ectroni c conponents not deternmined is judged to be, of course, one.
Accordi ngly, arrangamewst pesisioar p hridenmoevinmdistanee b af{hecneuntingkead
conmponent larger in the difference AL in the noving distance is finally

det ermi ned at is deteyagioed, andathpmbytmpusting@imydation in the case of setting _
14 _ | f the nunber of duplicated electronic conponents is
judged to bethéfist ®lectwonicatomspepettiat the secomd arvingdment pasidicgopgonent s
not :
the moving distance L2 of the mounting head is determined, and the

difference in the moving distance AL (= L2 - L1) is determined_.
*Similarly, as for the second electronic component (i;ot shown), the
moving distanees L1, Lé and moving distance difference AL are
determined. At the next step, comparing the difference AL of the
moving dis..tance : betvlveen- the first and second components, the
~ arrangement position of the electronic component of the sma-l_ler
difference AL in the moving distance is finally determined in the first
arrangement position pl.
Aﬁ step 28, among the duplieated electronic eomponents, it is
judged if the electronic compoﬁent not determined in the arrangement |
. . position ie ene -'compoden_t or not. If the n-umber of du;;licated
_ electronic components is jddged_ to be two at step 24, the number of
. electrohic. cdmpoﬁen_ts not determ’ined is judged to be, of course, one.
Accordingly, at. step .29, the arrangement poéition'of the electronic
component larger in the difference AL id the nioying distance is finally

determined at the second arrang'ement position p2.
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determned is judged to be two or nore. Accordingly, only the arrangenent
- posi'tion of the electronic conponent smaller in the difference AL in the
novi ng distance is finally determ ned, while the arrangenent position of
the el ectronic conponent larger in the difference AL in the nmoving-

di stance is not determned, and the process returns to step 24. After
returning to. step 24, anong the electronic conponent |arge in the
difference [err]L in the noving distance and the remaining electronic
conponents, their arrangenent positions are determned in the process of -
‘the sane steps as deHcthepeumbeswé duplicated elgctromie cgmﬁn?’%!saﬂ‘{@ldytq ar ge
i n the nunber of conponents to be nounted in-the second and subsequent .
groups at stebe thred or moread\atep i34, thg numbep of clpgisanin coppapgifenet
position within the-group can be determi ned on the basis of the flqwchart
inFig. 7. detedosinedalis Apwdgiedalse | be ytwo or morerhydAccgedinedyngrlp thee

i nvention, in the process of determ ning the arrangement positions of

‘el ectroni ¢ coapemgementt nositionenf thee¢lecizenicosampenent smailsroin ¢ the

di stribution center .coordi nates of the nounting positions on the circuit
board, the ar diffigrement Nodn tthermoving diséanes éeﬁinﬁila,d@!wrmaedywwe the
consideration of the distributed state of the nounting positions. Hence,
the noving di atemgenséntt hpoaitiont iofigtheadlectrwonitocespedentintargpe ibubhe ng
efficiency can be enhanced. - 15

Cl ai ms diffdrentendl hoih dhegermmingi digtancer isnnetodesermines, r andethmt |

process returns to step .2-4. ~ After returning to step 24, among thé
.electronic component large in the difference AL in the moving distance
and the remainiﬁg electronic components, their arrangement positions
are détérmined in the prbcess of the same 'steps as described above.

In the grdups relative'ly large in the number of compdnents to
be mounted in the second and subsequent groups at steps 6, 7, ...shown

in Fig. 3, the component arrangement position within _the group can be

“determined on'the basis of the flowchart in Fig. 7. '

Industrial Applicability.
Thus, according to the invention, in the process of determining
the arrangement positions of electronic comppnents at component feed '
_ sections on the basis of the distribution center coordinates of the
mounting positions on the circuit board, the arrangement positions can
be determined rationally in consideration of the distributed state of the '
‘mounting positions. Hence, -the moving dista;lce of the mounting head

is shortened, and the mounting efficiency cah be enhanced. |

15

©g



being,a neth ting data on 'corrponent arrangement in a nounting
machi ne for ﬂj ﬂﬂ iﬁ ﬁ E Ironi c conponent supplied from a conponent :
feed section T m:ned position on a .circuit board set at a

fiXed position by a nounting head conposed to nmove freely, wherein the

di stribution center coordinates and distributed state values of electronic
conponents on a circuit board assorted in accordance with their kind are
‘determ ned, the arrangenent position of each electronic conponent at a
conponent fee%‘section is determined based on the distribution center

- coordi nates, an®Mhen the arrangement positions of nore than two kinds of
. el ectroni ¢ conponent thus determ ned are.-the sane, the arrangenment -
‘position of the eledtrdhmet Bhﬁgrﬁﬁﬂerﬁé‘\ﬂgn ata gRompongndt grgRgemedtat o
value is preferentiall ‘ﬂgt rmned., 2. A method of generating
“data on conpoR&H8 %F’a‘ﬁé@ '?lf,genﬁ’éﬁth@g Aatat 4B COMPRand, atrangemant th a,

- conponent arrangenment in_a nounting nachine for nounting an el ectronic

. conponent supPlAURiRg Faching donmeatingan eleiroris companent suppdied frpmed
.position on a circuit board set at a fixed position by a nounting head

- conposed to nBveemporent feegseetion tfinediptta determinedepesitionoon ¢i wincait of

. electronic conponents on a circuit board assorted in accordance with their
" kind are det beagdhegt atha faxedimgeition hyoei movintisie beel wimpesednta maewegonent
. at a conponent feed section is determ ned based on the distribution center
" coordi nates, fegluhwherein gheadiggnibwtiqn gienten coofdinadekianth distributed

16 ' el ectronic conponents thus determ ned are the sane, by

si mul ati ng t hetatepvaluesgofiplactromit colmepxnents corc anpionuitt bosrdrasseddain t he
sane a

accordance with their kind are determined, the arrangement position of
each electronic compbnent at a component feed section..is dete-rmined
based on the .d_istribution -center coordinaté's, and when the
arrangement positions of more than two kinds of electronic gompbnents
thus determined are the séme, the arrangement position of the
electronic component having a smaller distributed state value is
preferentially determined. | o
2. A method of genefating data on comr.)oneht'arr.angement,
béing. a meéthod of. generating .dat_a on component. arrangément in a
mo_untiﬁg machine for mounting an eleé’tronic component supplied from
a component feed section fixed af a detér.mined position on a circuit
. board set at a fixed position i)y_ a. mbﬁnting head composed to mové
freely, wherei-n the distﬁbutiqn center coordinates of eleétrénic
components on a circuit board assorted in accordance with their kind
are determined, the 'a'rra'nglement position of each electronic corhpdnent
at a component feed section i§ determined based on thé distribution
center coordinates, and when the arrangement positions of two kinds of
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arr angenent pOSi[iOﬂ and a-stbstitute arrangenent position, each 'aning

di stance | difference in the noving distance is

det erm ned E HI n arrangenent position of each electronic .

conponent, cthe arrangenment position of the el ectroni ¢ conponent having

‘a smal |l er d| fference in the noving distance is preferentlal I y det er m ned.

17 .
electronic components thus determined are the same, by simulating the
mounting when each electronic (’:omponent is mounted at the same
arrangement position and a substitute arrangement position, each
moving distance is determined, the difference in the moving distance is
determined by replacing the arrangement position of each electronic
coniponent, and the arrangement position of the electronic componerit

having a smaller difference in the moving distance is prefezfentially

determined.
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