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DESCRI PTI ON COMPONENT MOUNTI NG APPARATUS AND DEVI CE FOR DETECTI NG
ATTACHVENT &0 BBBENENT ON SUBSTRATE 5 TECHNI CAL FI ELIFCTAJP00/02810  The
present invention relates to an apparatug for nmounting el ectronic
conponents with | eads onto a circuit board substrate by inserting the
| eads of the el ectronic conponents pk8criBreefresponding holes in the
circuit board substrate, and further to a method and device for
detecting the attachnment of el ectroni c conponent with Ieads to the
circuit board substrate. BACKGROUND ART 15 Mounting of an
el ectroni Cc@m@éwtmﬁﬁﬁ@ammsamu DEVICRIFORPDRIACFEREL rate s
general ly achi eved by an action for X|nC%$ea_s F ﬁe el ectronic f
conponent ﬁQ@Tc C 0 hown in Figure 9. Leads 21 o
t he electr%ﬁ?%EH 6§ éb%ﬁnN%ﬂFafe I nser eé?lnto correspondi ng hol es 29
forned
TECHNICAIL FIELD
The present invention relates to an apparatus for
mounting electronic components with leads onto a circuit board
substrate by inserting the leads of the electronic components
10 in corresponding holes in the circuit board substrate, and
further to a method and device for detecting the attachment of
electronic component with leads to the circuit board substrate.
BACKGROUND ART
15 Mounting of an electronic component with leads onto a
circuit board substrate is generally achieved by an action for
fixing leads of the electronic component 20 to the circuit
board 22 as shown in Figure 9. Leads 21 of the electronic
component 20 are inserted into corresponding holes 29 formed
20 in the circuit board 22. A clinch means comprising a clinch
lever 25 and a clinch bed 26 is moved to below the holes 29 in
which leads 21 have been inserted. The tip of the lead 21
which has pierced through the circuit board 22 to the backside
thereof is cut to a predetermined length by the clinch lever
25

25 moving toward the clinch bed 26. The lead 21 is clinched



20 in the circuit board 22. A clinch means conprising a clinch | ever

25 and a cly 26 is noved to befow the holes 29 in  por/YWobsdsib €ads
21 have beékaﬁﬁg§§§ed. The tip of the lead 21 whi ch has pi erced

through the circuit board 22 to the bacKside thereof is cut to a

predeterm ned |length by the clinch |ever 25 25 noving toward the clinch
bed 26. #geihetdard fixed¥reHehe circuit board 22 by further movement 2

against and fixed to the circuit board 22 by further novenent of the
clinch | eodr tBB. clinch leven 2P ezoel ectric elenment 1 is attached to the
clinch | ever 25 for detecting stress-strain which is generated in the
5 clinch | evera2pietoehectiie efement i hgisrattadheshiteg theeciléagh 21.
Fromthe stress-strain anount detected by the pi ezoel ectric el ement 1,
it is detacived wisettber debecelingt strness-stramnploiEnti @enesadedr dot Ehebeen
mounted onto the circuit board 22. If the | eads have not been inserted
or pi esceq1ichuglevet025t he bheetidd, obrcinavindeand behinakiiony Kdiend eadser t ed
into the hol es, the clinch lever 25 accordingly receives less load. On
the other Jyandrrbh the sepessaserPimpmidunt nkdidotdd byt ke
piezoelectric element 1, it is detected whether the electronic
component 20 has correctly been mounted onto the circuit board
22. If the leads have not been inserted or pierced through
10 the holes 29, or have been bent when being inserted into the
holes, the clinch lever 25 accordingly receives less load. On
the other hand, if the leads are properly inserted in the
holes, the clinch lever 25 receives a great load upon cutting
and clinching the leads, whereupon the piezoelectric element 1
15 detects large stress-strain. Therefore, the detected stress-
strain of the clinch lever reflects the quality of the
attachment of the electronic component 20 to the circuit board,
and thereby it is detected whether the electronic component
has been mounted in a favorable condition. For this purpose,
20 the piezoelectric element 1 is connected toc an insertion
detecting circuit shown in Figure 10.
Referring to Figure 10, the stress-strain that is
generated in the clinch lever 25 is detected by the

piezoelectric element 1, and an electric signal proportional

25 to the amount of detected stress-strain is amplified by a



hol es, the clinch lever 25 receives a great |oad upon cutting and
clinching the | eads, whereupon the piezoelectric elenent 1 15 detects

| arge stresWO0/658%. Therefore, the detected stress- SCTAPY/BP1% he
clinch lever reflects the quality of the attachnment of the electronic
conponent 20 to the circuit board, and thereby it is detected whether

the el ect rWrerea¥RaNCRplifichas2bean yreynied 38 asf prevake £opdition.
For this purpose, 20 the piezoelectric elenment 1 is connected to an

i nsertion . ect i ' i ' ' . : : R ring
to Figur ecf&,tﬁﬁ?g%égﬁegg-ggtﬁlﬁgleg %313?8%&1{ nfI%n!g:;]éelﬁee?é:itjfee'cdt iy tshlgnglli ‘r‘g\% EI ever
25 is detected t.h .pk e | Cqy £l .eclric signa
or opor t | orden dltferentifl éﬂﬁigggéf 35’§§“§E o ALAD R4

the amount o ected siress-strain i1s anplified by a

o an 1+ el B 55 PhrPiPabbh b heRUY ' £2Y o ceqefhL! 1O

differential anmplifier . 32.5s0 as to _renpve, noj se conponents. m xed at the
pi ezoepectTIdh wptofy Bo3Re. PphBoRERtiide beah MHIEIFhate
component Sant]p V:i.efil.)eedeq:yr %W%Vaerq.aﬁoie gain amplifier 34, so that it is

compared by a voltage comparator 35 with a threshold which is
a reference for judging whether the leads 21 of the electronic
component 20 have properly been inserted in corresponding

10 holes. The voltage comparator 35 is a circuit designed for
comparison of an inputted voltage with a reference voltage
{threshold). The threshold as the reference voltage can be
preliminariiy set, so that the voltage inputted from the
variable gain amplifier 34 is compared therewith, and when the

15 inputted voltage is greater than the threshold, the voltage
comparator 35 changes its output voltage accordingly. With
this'change in voltage outputted from the voltage comparator
35 as a tr;gger, a monostable multivibrator 36 outputs a pulse,
which is in turn inputted into the electronic component

20 ﬁounting apparatus from an output terminal 38 via a transistor
37. The apparatus thereby judges whether the electronic
component with leads has correctly been fixed on the substrate.

There is now remarkable diversity in electronic

components and component with leads is no exception.

25 Therefore, diameter and material of the leads, and shearing



anplified by a variable gain anplifier 34, so that it is conpared by a
vol tage co %§g9535 with a threshold which is a ref erggReBodiR810

j udgi ng whether € leads 21 of the electronic conponent 20 have
properly been inserted in correspondi ng 410 hol es. The vol t age conpar at or
35 is a circuit designed for arison_of an in | t.age with a

co utted vo
r ef er ence SidIaSfydeCessSaTYH g ﬁBI“d}:he‘rFﬁéaﬁﬁré%ﬁBI TOES "t & 1781t age
can be prelimnarily set, so that the voltage inputted fromthe
vari abl e gkt rEhemsanvent ipnals ingeskien drteehing chretihsteiTPesd i nputt ed
voltage is greater than the threshold, the voltage conpar at or 35
changes i tabang pliowsyiargdhe tbr@shgld fort: fudgemenfhi BY cHa@ el tRradI t age
outputted fromthe vol tage conparator 35 as a trigger, a nonostable
mul ti vi br atompBtatont AR sisa gaH 4@ a consianthvpedtages urldpdmaansgsi #Po t he
el ectroni c conponent 20 nounting apparatus froman output termnal 38 via
a trand stvthe diamefer Tmatmppalat 9o tsheagling stgesswhét hhe leérdsi ethe onic
conponent with | eads has correctly been fixed on the substrate.
There i s nstresswstodire thateresiqurs nelthet cdinch levero?pochangesiras
conponent with leads is no exception. 25 Therefore, dianeter and materi al
of the | eadsll ansl tlhesamsmgnt of stress-strain detected by the
piezoelectric element 1. Accordingly, the judgement by the
voltage comparator 35 was sometimes incorrect. Misjudgment
10 also occurred in the cases such as when the clinch lever 25,
clinch bed 26, or the piezoelectric element 1 was replaced,
when the shape of the clinch lever 25 or clinch bed 26 varied,
or when the piezoelectric element 1 having characteristics
suitable for one type of apparatus was applied to a different
15 type of apparatus.
In order to deal with such problems, it was necessary to
change the preset threshold voltage in the voltage comparator
35, or to effect gain adjustment of the variable gain
amplifier 34. However, such operation for changing the
20 settings was not easy, and it is not realistic to change the
settings of the circuit in accordance with changes in the
stress-strain detected by the piezoelectric element 1. Not to
mention, if the diameter, material, or shearing stress of

leads on an identical electronic component differs, such could

25 hardly be dealt with.



4 . stress necessary to cut the leads also cone in many varieties. In
the conventional insertion detecting circuit descri bed above, however,

t he t hr eshol WO08ES%dgenent by the vol t age conpar at or 35PCHIRB02819 7
constant voltage. Upon changes to 5 the dianeter, material, or shearing
stress of the |eads, the stress-strain that occurs in the clinch |ever

25 changes as = an ¥BhbcfSofNend e AlVERTGH ' Rdlpheciad BY (he

pi ezoel ectric element-1. Accordi ngly, e Judgenent by t vol t age
conpar at or S ' ' C ggg? red in

t he cases s“%%t?\é%s a\%ﬁgﬁgt'ggéc{:?ﬁgﬁiﬁeéfer%% ni‘ﬁ#f:}}? g'g%%%%%?l t he

pi ezoel ectri.c. el t p. d #2; 3ne of¢ . I nch

| ever 25 orelcﬁcﬁ:r]fc e&g’g@@\?}g%l?e%ﬂﬁ 1ea<(i)sr }\}\%@eﬁ plxzoe e 1:{'%;% % e%ent 1
havi ng char acter.. sti cs L.tabl e. for, on of appar.at.us, was applied
Lo a g 1 ermetiss Haprg, sgpsiiRkBoyieh ted fedd badPEARSH AFF 1P
such prqgblens, it necessary_t ._change th reset_threshold voltage
in the 30It%ﬁﬁ?ﬁ§ﬁﬁﬁ§i§@o%°ies ¥§5?h8rci5c%+£g% aﬁ%i%@%ﬁﬁ{ﬂﬁﬁﬂant of the
vari abl e gain anplifier 34. However, such operation for changing the
20 settings was not easy, and it is not realistic to change the

DISCLOSURE OF THE INVENTIOIN
In order to achieve the above objects, the present
invention provides a method of mounting an electronic

10 component with leads on a substrate, wherein the leads of the
electronic component are inserted into corresponding holes
formed in the substrate, and clinched with a clinch means so
that the electronic component is fixed on the substrate,
characterized by comprising the steps of:

15 selecting a standard reference value for determining
whether or not the leads of the electronic component have been
inserted in the holes, said standard reference value being
selected based on values representative of characteristic
features of the electronic component with leads such as

20 'diameter, material, or shearing stress of lead;

detecting stress-strain generated in said clinch means;
and

comparing a detected stress-strain with the selected
standard reference value, whereby it is determined whether or

25 not the electronic component with leads has been mounted to



settings of the circuit in accordance with changes in the
stress-strain de ted by the piezoelectric element 1. Not p@r/spoo/s2é@Nnti on
if the di an%’t°e‘¥°,’6t5?e?§

terial, or shearing stress of | eads on an identi cal
el ectronic conponent differs, such could® 25 hardly be dealt with.
5 An object of the present invention is to provide a met hod
and devi ceelmapathisgx@teporrect |y j udgi ng whet her an el ectroni ¢ conponent
with | eads has properly been fixed on a circuit board substrate with
its | eads bei ng Thes@ppadatys SoxomPBRpLNdi AY ?&#Qﬁ#qquERQNBQQEEFtWBﬁgﬂd
substrate. DI SCLOSURE OF THE | NVENTI O N In order to

achi eve t headowen abjsatistraties pcesgding to theepresentpriWemsloR met hod of
nounting an electronic 10 conmponent with | eads on a substrate, wherein
the | eads @mphises an elmsErtdonc headpdoentingestingethedeads aforth&spondi ng
hol es formed in the substrate, and clinched with a clinch neans so
that the ebesttovnmic commuresit iinth cedrespohdisgbboles eformed in the
substrate, a clinch means for clinching the leads that are
inserted into the corresponding holes for mounting the
electronic component to the substrate, a detecting means for
detecting stress-strain generated in the clinch means, and a
10 judging means for determining whether or not the electronic
| component with leads has been mounted on the subsﬁrate based
on a detected result obtained by the detecting means, and is
characterized in that:
the judging means includes a plurality of threshold
15 values that are preset therein, and comprises a threshold
output means that is capable of selectively outputting one of
these threshold values as a standard reference value for
detecting the attachment of the electronic component to the
substrate, a threshold selecting means for selecting one of
20 the threshold values in accordance with the type of electronic
component with leads which is to be mounted to the substrate,
and an insertion detecting section which compares a detected
result obtained by the detecting means with the selected

threshold.

25 The present invention further provides a method of



characterized by conprising the steps of: 15 sel ecting a standard
reference val ue for determ ning whet her or not the |eads of the

el ectroni c SUAPUTEM have been inserted in the holes, SEFUWEPG%,d
reference val ue being sel ect ed based on val ues representative of
characteristic features of the electronic conponent with | eads such as

20 di anet getefBlifgi Bhe SttatRMEnboStdesElaftddiftid component widta! eehdsg
stress-strain generated in said clinch neans; and compari ng

a detectedtpt pegabstrat8, Whéréhe sgberéfts of tid A& tdondkecppenkatue,
whereby it is determ ned whether or 25 not the electronic conponent with

| eads has RegniHBWPtEA §fto corresponding holes formed in the substrite,
t he substrate. e apparatus for nounting an el ectronic conponent

Th
W th '%%ﬁ?cﬁﬁnéhéﬁbﬁgggt 1cf§ﬁ8ﬁd$89nécﬁé 4¥f¥ﬁgnﬁgigﬁﬁ§ﬂf%“

conprises an insertion or Inserting the leads of el ectronic

COMPOneS! ReRRAEROEAad, BF| el UORELLCL ! Bharace A By @ cf et
comprising the steps of:
selecting a standard reference value for determining
whether or not the leads of the electronic component have been
inserted in the holes, said standard reference value being
10 selected based on values representative of characte;istic
features of the électronic component with leads; |
detecting stress—strain generated in said clinch means;
and
comparing a detected stress-strain with the selected
15 standard reference value, whereby it is determined whether or
not the electronic component with leads has been fixedly
attached to the substrate.
The device fér detecting the attach;ent of an electgonic
component.with_leads to a substrate according to the present
20 invention is characterized by having
a threshold outputting section in which a plurality of
threshold values are preset as standard reference values for
Judging whether the insertion of the leads to the holes has
been successful or not, and which is capable of selectively

25 outputting one of the threshold values,



i nserted into the correspondi ng holes for nounting the el ectronic

conponent t strate, a detecting neans for dgteq&hwgmmnmo
stress-straﬁﬁéggﬁgggted in the clinch nmeans, and a 10 judging neans for

det erni ni ng whether or not the el ectroni® dconpongnt mﬁfh Igads hgsb
been nmounted on the substrate_based on_a detected result obtained by
the detecting méafdireshgldsselecting neans; fey saledhing one of the (phe
judgi ng means includes a plurality of threshold 15 values that are preset
therein, afRFedd sEuesihr eshol d out put means that is capabl e of
sel ectively outputting one of these threshold values as a standard
reference val ue F sletectedjshzeshagdt Aetauthihgerecbion o adpuhiiing a
conmponent to the substrate, a threshold selecting nmeans for selecting
one of 20detected exhloial nepngsentativeopfiahbe akrasshetrajme iof tdesctronic
conponent with |leads which is to be nounted to the substrate, and an
i nsertiSon dbirchimeprecttimat Jilsi ohtpotrpadeframdehectetlecting mems t anfat ai ned
by the detecting nmeans with the sel ected threshold. 25 The
present inventi cam fingdmriow deteéesiagmsebodonf for comparing the

detected value with the selected threshold value, and for

outputting an insertion detecting signal when the detected
value exceeds the threshold value.

10 According to the present invention method and device,
the standard reference value or a threshold voltage is
suitably selected in accordance with differing diameters,
materials, or shearing stresses of leads. A detected voltage
representative of stress-strain that occurs in the clinch

15 lever is compared with this reference value, for the judgement
of whether the insertion of the leads of an electronic
component into the holes iﬂ a circuit board has been
successful or not. Thus the deﬁerminétion of the attachment

of an electronic component with leads to a circuit board can

20 correctly be performed.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view showing major parts of an
electronic component mounting apparatus;

25 Figure 2 is a plan view showing electronic components



7 detecting the attachnent of an electronic conponent with | eads to
a substrate, wherein the | eads of the el ectronic conponent are inserted

into corresppP8¥$§?hol es forned in the substrate, and clBTRREYR It h a

clinch means so that the electronic 5 gonponent is fixed on the
substrate, characterized by conprising the steps of:

sel ecti ng with dhstads] a=florsleke omitapesgr det er mi ni ng whet her or not
the | eads of the el ectronic conponent have been inserted in the hol es,
said standard refiq@isance wslactaisagectioneallecied Shsweingnthealstasucture
representative of characteristic features of the electronic conponent

with | eadsgf an insertisietifgdd R/E VeI eitironiicgeorpohent i movwt ihg! i nch
nmeans; and conparing a detected stress-strain with the
sel ected Jppstapgdayd reference value, whereby it is deternmined whether or
not the elec?ronic conponent with | eads has been fixedly attached to

the substrate. pjgures 4a di #VUKE diQgrdfiseelivBd theeRbilanhieoh &F an

el ectronic conponent with leads to a subStrate according to the

e nehkTARTh B ek Bt etiried o NaRO1e £1xea on  LiEEEDOI ¢
board with a clinch means;
Figure 5 is a diagram to explain the generation of
erroneous operations due to changes in detected voltage;
10 Figure 6 is a block diagram showing the construction of
the insertion detection device;
Figure 7 is a circuit diagram showing the construction of
the insertion detection device;
Figure 8 is a chart showing an example of grouping types
15 of electronic components with leads;
Figure 9 is a cross sectional view for explaining the
insertion operation for the electronic components with leads;

"~

and

Figure 10 is a circuit diagram showing the construction

20 of a conventional insertion detection device.

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of the present invention in the
form of specific examples are hereinafter described with

25 reference to the accompanying drawings. It should be noted



t hreshol d val ues are preset as standard reference values for j udgi ng

whet her the ‘jvﬁ%@,ggs'bé)n of the |eads to the holes has beep-SiHoeessf ul or
not, and which I's capabl e of selectivel¥“)25 out putting one of the

t hreshol d val ues, 8 a
t hreshol d sel ecting neans for selecting one of the t hreshol d val ues,
a det ect edthak et erked Hrnt ithawc hiedow 48 SBEpEXAMRSator CaREiRg ed

val ue representative of the stress-strain in the_5 clinch means, that is
out putted Prbnthtecpresert i vertaipn apdy does not limil theekerbmicertecting
section for conparing the detected value with the selected threshold
val ue, andstope of thetpxeséemy inventsian. on detecting signal when the

det ect ed val ue exceeds the threshold value. 10 According to
the present invEOrsbn niee hoehsichasiornef the dllestgoaidacdmpehentnce val ue
or a threshold voltage is suitably selected in accordance with

di fferifhg doanmeingsapparatustaccatdingrtes b ipmpsentedpwentfiohewiltl Re
detected vol tage representative of stress-strain that occurs in the
clinch explained with reference to Figure 1.

In Figure 1, reference numeral 101 is a parts feeder for
feeding electronic components with leads in a tape-bonded
state by the use of tapes. Reference numeral 102 is a circuit

10 board on which electronic components are mounted. Reference
numeral 103 is an insertion head for removing the electronic
components from the parts feeder 101 and inserting the leads
of the components into holes of the circuit board 102. An AC
servo motor 104, a driving source for applying drive power to

15 the insertion head 103, is connected directly to a drive shaft
103a of the insertion head 103. An encoder 105 is provided to
the drive shaft 103a for detecting a rotating position of the
drive shaft 103a. A cam 103b, which is part of the insertion
head 103, is fixed on the drive shaft 103a, and a drive lever

20 103c follows the movement of the cam 103b, whereby the
insertion head 103 is operated.

Reference numeral 106 is a fixing head arranged opposite
the insertion head 103 via the circuit board 102. The fixing
head 106 cuts and folds the leads of the electronic components

25 inserted to the holes of the circuit board 102 and fixes the



15 Ilever is conpared with this reference value, for the judgenent of

whet her the insertion of the | eads of an electronic conponent into the
holes in a cWYPOX6%89%o0ard has been successful or not. ThUETARM02810
determ nation of the attachnent of 1@an el ectronic conponent- with | eads
to a circuit board can 20 correctly be performed. _ BRI EF DESCRI PTI ON
OF THE DRA¥I&&Xronic compondritgum® theScdrpaispBeardel R ew s erRrj or
parts of an el ectroni ¢ conponent nounting apparatus; 25 Fi gure
2 is a pl afo¥beWM SOl Eradtieldd & @ @Qﬁﬂﬁhgnbﬁurce for applying drive

9 with | eads as bonded on tapes; Figure 31s a

Cross-sect peRal ¥é ovhes et ity HRASN06G! UtRe AC s@év&r}ndtrbierltdﬁriéﬂead of the
el ectronic conponent nount i ng appar at us; Figures 4A and 4B
are di agr ager@eVeP EouSEed Atd Qih.Qife shafth‘iWGQr‘ofl @ﬁérfﬂkfnﬁoﬁ@&ﬁ'%G W th

| eads is fixed on a circuit board wth a clinch

5 An encoder 108 is provided to the drive shaft 106a for
detecting a rotating position thereof. A cam 106b that is
part of the fixing head 106 is fixed on the drive shaft 106a,
and a drive lever 106c follows the movement of the cam 106b,
whereby the fixing head 106 is operated.

10 Output signals from the encoder 105 of the insertion head
103 and the encoder 108 of the fixing head 106 are input to a
control unit 110. The control unit 110 effects control such
that the AC servo motor 104 of the insertion head 103 and the
AC serve motor 107 of the fixing head 106 are driven in a

15 synchronized fashion. Reference numeral 109a is a manual
handle that is used for bringing the encoder 105 of the
insertién head 103 to an origin of the encoder 105, and
reference numeral 109b is a manual handle for bringing the
encoder 108-of the fixing head 106 to an origin of the encoder

20 108.

The insertion head 103 is driven by a driving force of
the AC servo motor 104 and operates such that electronic
components with leads are removed from the tapes of the parts
feeder 101 and mounted on the circuit board 102 with their

25 leads inserted in corresponding holes. Simultaneously, the



Figure 5 is a diagramto explain the generation of erroneous

oper ati ons e hanges in detected voltage; 10 Fi a

bl ock diagrgﬁ?gﬁg%ﬁng t he construction of t he |nsert|o%%3§?§%??gn

devi ce; Figure 7 is a circuit @lagranlshomnng t he construction of
the insertion detection device; ure 8 is a chart show ng an
exanpl e offigrimgpihend s is) girgves| byt FoﬁFéVébgrpf-ﬁé‘Fﬁ Lhithe AL ESrvo
Figure 9 is a cross sectional view for expl ai ning the i nsertion

oper at i on ratroxnt Hé 7elter tapmriakec sepshett thei ipafdsagrserted Hnhdhe holes
Figure 10 is a circuit diagramshow ng the construction 20 of a

convent i onBdrmets eirt ithe detmmtitodpodedi 462 are cutpeEsy fulled-GR GERRYIENG OUT

THE | NVENTI ON Preferred enbodi nents of the present invention in
t he fEtien edmppreats ccexanplodxrcarie beaeidnabeer Thesdmisged ivwnt heads
reference to the acconpanying drawi ngs. It should be noted

10 5 103 and fixing head 106 are respectively driven by means of

the cams 103b and 106b. The cams 103b and 106b are fixed on
the respective drive shafts 103a, 106a, and the rotation of AC
servo motors 104, 107 that drive the drive shafts 103a, 106a
is controlled in synchronism with each other by the control

10 unit 110 on the basis of output signals from the encoders 105,
108, that are directly coupled to the AC servo motors 104, 107.
The insertion head 103 and fixing device 106 thus operate
synchronously. The encoders 105, 108 of the insertion head
103 and fixing head 106 are brought to their respective

15 origins by the corresponding manual handles 109a, 10%8b.
Driving forces are separately provided for the insertion head
103 and fixing head 106 as described above, and therefore the
driving motors can be made small in size and a time requi;e&
to stop and start the motors is reduced. |

20 The operation of fixedly attaching an electronic
component with leads on the circuit board 102 by the above-
described component mounting apparatus will be described next
with reference to Figure 2 to Figure 4.

Figure 2 shows an electronic component (resistor) 100

25 with leads 100a bonded on tapes 140. Components are supplied



t hat the enbodi nent shown bel ow i s one exanple for carrying out the
present invention and does not |imt the technical scope of the present
i nvention. WOO0/65895 Fjrst, the construction of the el ectr onPETAdRA992¥8Nnt 5
nmounting apparatus according to the presgent invention will be

explained with reference to Figure 1. In Figure 1, reference

nuneral 104oi 6hé paséstic@edasad Q03 fronf eo@di parékeekeaBiC160NPRNERIS Wi th
| eads in a tape-bonded state by the use of tapes. Reference nuneral

102 is a chtgtel THe BowedtaBnAksh @bgc%ﬁgksségr@%@é}&& afF3 EHtLd.
Ref er ence nuneral 103 is an insertion head for renoving the electronic

conponent sréeemmgepﬁéf i@pGtﬁfatl%1@%&@%&%&%%&/&%%5%%(9“ 1087 the

conponents into holes of the circuit board 102. servo notor 104,

a driving gounCeelhal ERELIbEG.EH Y RPWRIndAcntA (AEHIRRST R0 foad 103, 1

connected directly to a drive shaft _ Insertion 103. An
R AR T s W
0, LroFibL Sy 148°0d Wondd G, Ui S eBELh 0T 01,
ihgzgr;ir fgngggd%éggg%_?%gp&&fégdn2 then comeF\;eft(?)r %%%%a@%nghgl c}.ggulns: a fixing

board 102, the receiving lever 141 retracts, and the pusher'

143 is pushed forward so that the leads 100a of the electronic

10 component 100 are inserted into corresponding holes 102a

formed in the circuit board 102.

The fixiﬁg head 106 is operated in synchronism with this
operation of the insertion head 103 such that the leads 100a :
that have been pierced through the holes 102a in the circuit

15 board 102 are folded as shown in Figures 4A and 4B so as to
secure the eléctronic component 100 on the circuit board 102.
Specifiéally,.when\the leads 100a are inserted into the holes
102a as.éhoﬁn.in Figure 4A,-a clinch meéns comprising a clinch
lever 144 aﬁd a clinch bed 145 of the fixing head 106 is

20 -ascended. The clinch lever 144 moves toward the clinch bed
145 and thereby cuts the leads 100a that have pierced through
the holes in the circuit board 102 to a predetermined length,

and at the same time folds the leads 100a as shown in Figure

4B. The electronic component 100 is thus fixedly attached on

25 the circuit board 102.



the insertion head 103 via the circuit board 102. The fi xing head 106

cuts and fo\ﬂfoot/d%?ss' eads of the electronic conponents 25 i peeisb@ddi0 the
hol es of the circuit board 102 and fixeiéthe

11 el ectroni c conponents to the circuit board 102. An AC servo
notor 107 is provided as a driving source for. applyin gLLve oyer to
the fixing head* Mzoﬂ‘}@c&é%ngSg‘ﬁﬁFoFgﬁW‘f mé’a‘}ﬁ%r 1%y W&%F@d%o a
drive shaft 106a, of the fixiqg heag 106., 5 An encoder 108 .is provided to
the drive Baf¢linmh keyer 144 §eredeFRGEAnT F B HIA HM&theBeof . A cam
106b that is art of the fixing head 106 is, fixed on the drive shaft
106a, genrratert i e Yhey &lipghc 1¥PFohd4 t WaeRolferitis And kd- iaghetoeb,
whereby the fixing head 106 is operated. 10 Qut put signals fromthe
encoder 10thefleads s+ i Shehdgiected amangh P FLrdidodsr used §Prt he
fixing head 106 are input to a control unit 110. The control unit 110
ef fect $ codeteiminithg whethdrmon metAtheeelechponic i1campdnanie §idkdas on head
103 and the AC serve nmotor 107 of the fixing head 106 are driven in a
15 synchrbeenefiikedly omuniest omethe girenit 1Bodndi $02. manual
A piezoelectric element is used as the detecting means in
this embodiment, but the same effects can be achieved with
other means such as a strain gauge.
10 Similarly to the conventional method, when the end
portion of the lead 100a of the electronic component with
leads pierced through the holes in the circuit board 102 is
cut and clinched by the clinch lever 144 and clinch bed 145,
the piezoelectric element 1 detects the amount of stress-
15 strain which occurs in the clinch lever 144. The detected
voltage representative of stress-strain is amplified, and is
compared with a threshold voltage (standard reference value),
for judging the quality of the insertion. -~ =~ B o
The insertion detecting device according to the present
20 embodiment, however, is constructed so that the above-
mentioned threshold voltage can be changed according to the
characteristic features of the leads 100a of the electronic

components such as diameter, material, or shearing stress of

the leads.

25 As mentioned above, when the leads 100a of the electronic



handl e t hat is used for bringing the encoder 105 of the i nsertion head
103 to an or {?the encoder 105, and ref erence numeg gt 3%%3gs a
manual handl ‘HFS Flnging t he encoder 108 of the fixing

an origin of the encoder 20 108. 15 The insertion head 103 is
driven by a driving force of the AC servo notor 104 and operates such
t hat el ect component 1l88nhaviendtffgrent ehihmehers orowbenf tbeyt hret mpde of
the parts feeder 101 and nounted on the circuit board 102 with their
25 | eads iofsdifféeérentcortespahsli depéemd iy orSithd ttypeovd] glethzonic

12 fixing head 106 is driven by a driving force of the AC servo

notor 107 tcomppaeate sbetitashearihgasisresserdices madoerdingdy. Thdboried in
the circuit board 102 are cut and folded to secure t he conponents to

the circui teleeardnie? combenenser#ith heads Havel Gheind chataegetésdid06 are
respectively driven by neans of the cans 103b and 106b. The cans 103b

and 106p arfedtuied dh accortiificeewPER LN €hpe/e afbfiheyl@3a bk06a, and the
rotati on of AC servo notors 104, 107 that drive the drive shafts 103a,
106a represented by their characteristic values of, for example,

lead diameter, lead material, or lead shearing stress.

Depending on these characteristic values, the amount of

stress-strain that occurs in the clinch lever 144 changes, and

10 the amount of strain detected by the piezoelectric element 1

changes as well.

Referring to Figure 5, as mentioned in the foregoing, a
voltage d representative of stress-strain detected by the
piezoelectric element 1 is amplified and compared with a

15 threshold voltage s, and when the detected voltage d is larger
than the threshold voltage s, it is determined that the
electronic component has been properly mounted on the circuit
béérd; Ebwever, wh;h éLe chﬁfa;terlstlc values of electroﬂzz
component change in accordance with the type of electronic

20 ‘component, the detected voltage 4 changes as shown by the
broken lines in Figure 5. That is, if the diameter of leads
100a is small, or if the leads 100a are made of a soft
material and have small shearing stress, the voltage d,

representative of stress-strain detected by the piezoelectric

25 element 1 will be smaller than the threshold voltage s as



Is controlled in synchronismw th each other by the control 10 wunit 110

on the basis“Qﬁ,gﬁ%gut signals fromthe encoders 105, 188y /rdo0ais18r €
directly coupleg o the AC servo notors 104, 107. The insertion head

103 and fixing device 106 thus operate 16 synchronously. The encoders
105, 108 of the insertion head 103 and fixing head 106_are brought to
their respetie in Figgregens ﬁﬁ/%Iﬁ?ﬁﬂ&Fﬂe?ﬁ@ﬁdFﬁguﬁﬁnﬁgﬁ RaRTHERNY}0,,
109b. Driving forces are separately provided. for the insertion head

103 and fi x39poReRd 108 BeSJIESEFEBELY PR MoHREedveridt g Judged thalj yjng

motors can be made small in size and a tinme required to stop and start
t he notors the eddacdhment20f the e¥petrpriqteampenent XiitheacizeNity an
el ectronic conponent with leads on the circuit board 102 by the above-
descri bed corgrshdvas fsent ungugppasiuls AN [thee coadaaitlyed ifekhe diameien
reference to Figure 2 to Figure 4. Figure 2 shows an el ectronic
conponet (eofsliesds )100@0 is28awgeh bradf tite beadedl Ofa taape mate)ofCanponent s
are supplied 13 to the
i nsertion hieaxd 1GX drigh wEned paveslaegdeshé@ting stwress, the voltage d,
detected by the piezoelectric element 1 will be greater than
the threshold voltage s, and as a result, it is judged that
the attachment of the electronic component has been successful
10 even if the leads of the electronic component have actually
been inserted in the holes in an unfavorable condition.
In the component mounting apparatus according to the
present invention, a construction is provided which enables
judgement whether or not the component has been mounted to be
15 made correctly, even when electronic components 100 of various
different types, having differing characteristic features of
leads are dealt with.
. . -~ AR -t . [T N G . Ko
Figure 6 is a block diagram showing one example of the
construction for determining whether the attachment of the
20 electronic component has been successful corresponding to the
varying values characteristic to the electronic component 100
to be mounted. In the electronic component mounting apparatus,
a mounting program is preset, in which the order of mounting

electronic components in accordance with their types is

25 determined. A controller (not shown) in the electronic



state. The insertion head 103 conprises a pusher 143 and a recei ving

| ever 141 that hold the el ectronic conponent 100 wth ¥§ﬂ@§m’ 2810

t her ebet weeWQ #/688%andwi ched fashion. The leads 5 100a of eéctronic
conponent 100 are thus separated from 17 the tapes 140, and fol ded by
means of an insertion guide 142. The insertion guide 142 then cones to
cont act t heonpoment mountibpgargpafatusheutpets va ndisenimingtionetsdiamad, and
the pusher 143 is pushed forward so that the | eads 100a of the

el ect r oni cdediywatinanatiie PeacéE eheettredic ntomponemts poridi Neads ¢ I@2a
formed in the circuit board 102. The fixing head 106 is operated
i n synchr opbsmted tio thifudging meanat 5on & plherdIniteyr tforthirestiolds €orh t hat
the | eads 10a t hat have been pierced through the holes 102a in the

circuit 18acRodisktide alypd dfdedeatrohtencoipbhentesl oA with 4Rasds afrd O
secure the el ectronic conponent 100 on the circuit board 102.

Speci figa Fbi‘elﬂﬁfﬂaii‘ﬁy | paftfedlQa ar enresabladstotonghsedwics 154. ©Bhds,as
shown in Flgure 4A, a clinch nmeans conprising a clinch | ever 144 and a

clinch bedyl¢frefndi® dérdAAMradctiBn 35320eadscendes. thddehsld NGfbn ever

144 noves toward the clinch bed 145 and thereby cuts the | eads 10a

that have Eh@rﬁﬁf'e&ﬂém'gé‘ton e tiehtq s Eﬁﬁtcbbfﬂéé S0d8 Ged Ohd 0
predeterm ned | engt (?eu the sane tinme folds t%e | eads 100a as
shown in Figdeeos the electronic component 100 with leads that is
determined from the input discrimination signal. The
10 threshold selected by the threshold selecting section 153 is
then input to a threshold outputting section 152, which in
turn inputs the threshola to an insertion detecting section
151 as a standard reference value.
Meanwhile, the electronic compeonent mounting apparatus
15 performs the operation for fixedly mounting the designated
electronic component on the circuit board by inserting the
leads into corresponding holes and clinching same. A
6$-detect1n§1me:;s 51,.er gheJ;lezoelect;ze element 1 1n-£hls ST
embodiment, detects stress-strain that is generated in the
20 clinch lever 144, and inputs a corresponding detection signal
to the insertion detecting section 151. The insertion
detecting section 151 compares the detected signal with the
selected reference value, and determines whether the mounting

of the component on the circuit board has been successful or

25 not. The results are outputted to the control unit 110 and to



4B. The el ectronic conponent 100 is thus fixedly attached on 25 the

circuit boangobfésses P /IP00/02810 A
pi ezoel ectric el enment (detecting neans) % is mounted to the clinch

| ever 144 for detecting stress-strain tﬁat S generated in the clinch

| ever 144 mhgn I{_cuts and,linches the | eads 10a.. The detected anount

of strain s ¥ Jyearys d@ternining whet her or not the electronic
conmponent 100 ha

. been fixegdl unt on the.circuit. board 102.
A piezoelectricIéliﬁmHﬁsi eis e e a&e?gSt?ﬂﬂnﬁéﬁﬂsofhthe companent
enmbodi rent, but the sa effects ¢ be achi eved with, ot her neans such
e lktral hasohees peformed vdley tBe RENESRD LhR D LIO ASh e don e
end portion of the |ead 100a of the el ectronic conponent with
| eads pier ééﬁe?hr%ﬁr?%ef%ln&‘“}'%%é dexEurLesbRPA1G ogoRROReNt Wikh ang
clinched by the clinch |l ever 144 and clinch bed 145, t he piezoelectric
el ement5 1 56@@& s Q&haaiherohandy cd§- thesregylhiof indamentcdds in t he

clinch | ever 144. The detected vol tage representative of stress-strain
is anplifiunfaypgapke, an erxor sign is displayed on the display means

54, while the control unit 110 performs the operation of re-
mounting or recovering the electronic component. For example,
upon detecting an error sign, if the value measured by the

10 detecting means is smaller than the threshold, the control
unit 110 effects control over the insertion head so as to
further clinch the leads, or, if there has been no signal
output from the detecting means, the insertion operation of
the electronic component is performed again. If an error sign

15 1is displayed, while it is confirmed visually or by some
inspection method that the electronic component has actually

been fixed on the substrate, this may indicate that the

- - ~

o gffés;;sffaighaeﬁerated.in ﬁﬁé“ziiﬁ%ﬁ*iéég?*GEZﬁ*ﬁﬁtEIAG“Ehé”” T

leads of the electronic component that.has'been mounted was

20 actually smaller than threshold preset in the judging means.
In such a case, accordingly, the threshold may be changed in
accordance with the detected voltage through some inputting
means. Alternatively, the discrimination signal

representative of the type of electronic component may be

25 changed, and the judgement may be made again in accordance



conpared with a threshold voltage (standard reference val ue), for
judging the quality of the insertion. The insertion detecting
devi ce accorWﬂQ{5$¥§the present 20 enbodinent, however, i PTERIVIEEL ed so
t hat the above- mentioned threshol dgvol tage can be changed accordi ng
to the characteristic features of the |leads 10a of the electronic

conponent stisemdwiacsh . di Raetker, nbt el fa v ey gt fSireds @he displle
| eads. 25 As nenti oned above, when the | eads 10a of the electronic

15 coners4 kpoiae idi theagnbpdirat®t ehy @ispt@pid ey Algh nmade
of different materials depending on the type of electronic conponent,

their sheafndib#£EiRS Thed’ maSinReaahdenikYnedB8ataiy, el ectronic.
conponents with | eads have their characteristic °5 features in accordance

with the type, @ighddioy 1638 Bpeciric! 8RAASEA!SE Dife OB AIYAGA Istld © g

val ues of, for exanple, ead di anete | ead materi a

Stross st ro LT P S SRR R L R, AEherLBEN g D 1 SRS Bl
with the changes in the stress~strain in the clinch lever 144
detected by the piezoelectric element 1 due to varying
characteristic features of the electronic component, the
amount of strain detected by the piezoelectric element 1 is

10 measured in advance for each type of electronic component with
leads with aifferent lead diameters, lead materials, and lead
shearing stresses. These values are divided into groups of
allowable ranges, based on which it is determined whether the
attachment of the electronic component has been successful or

15 not. For example, stress-—strain in the clinch lever when
cutting and clinching leads is measured preliminarily with
respect to the leads of every type of electronic components

L e s e Tade e e L S I WL TS S - .
that are to be mounted. Referring to Figure 8, if the leads
of types 001~003 of electronic components 100 have a stress-

20 Strain that is within a prescribed range, these are placed in
group A. Likewise, types 004~006 of electronic components 100
with leads 100a are placed in group B and types 007~009 of
electronic components with leads are placed in group C in
accordance with the extent of stress-strain in the clinch

25 lever. The data for such groups corresponding to types of



10 the amount of strain detected by the piezoelectric elenent 1

changes as V@b'00/65895 Referring to Figure 5, as nentionge;phos2Rf
foregoi ng, a voltage d representative of stress-strain detected by the

pi ezoel ectric elenent 1 is anplified and“%onpared with a 15 threshold
voltage s, and when the detected v ‘ﬁbt%% I S g . t han t he
threshol d 9HEERERNEC FOMPANES: Hithed ﬁ&tafﬁeSto deiRcER®¥ni ¢ conponent
has been properly nounted on the circuit board. However, when the
char act eri sfpzepartianed hershkd storing:spebhent 1ehaigcthe ST farfte
with the type of electronic 20 conponent, the detected voltage d changes
as shown bgathetable by oR&ferenss nemeralr & B0 Figure s LeprefendSatdCer of
| eads | OCa is snmall, or if the leads | O0a are made of a soft
mat eri al andehaveniua¢¢mB¢MthrmpqntxngaapmmgaV§Sbageddthe data eparlkbeent at i ve
of stress-strain detected by the piezoelectric 25 elenent 1 will be
snmal | er5t hds sherefly efbvl examplegesisthin a controller (not shown) of the
16 shown in Figure 2. As a result, even though the electronic
conponent El2chasnior cempoyeive anouwmtirice hpparatasj 9dged t hat
In the electronic component mounting apparatus 9, a
mounting program is preset, in which the order of electronic
components to be mounted is determined and the types of
10 electronic components are successively designated in this
order. Accordingly, the controller of the electronic
component mounting apparatus 9 outputs a signal designating
the types of electronic components to be mounted to the data
table 7. The data table 7 outputs the group discrimination
15 signals a~c, corresponding to the input types of electronic
components, to the threshold voltage outputting section 11.
The clinch lever 144 operates with the insertion of leads
e .. - o N e . R g o - S o TR . VORI
of the electronlc components 100 into correspondlng holes, and
the stress-strain generated in the clinch lever 144 is
20 detected by the piezoelectric element 1. An electrical signal
corresponding to the detected amount of strain is output to
the detected voltage outputting section 10. The detected
voltage outputting section 10 amplifies the input electrical

signal with a variable gain amplifier 2. Since this

25 electrical signal includes a noise component due to the



the attachnent of the electronic conponent to the circuit board has
been unsuccessful. On the contrary, if the dianeter 5 of |eads 100a is

| arge, or i fwao boesBesads 100a are made of a hard nat er i alPCIAHOIE® | ar ge
shearing stress, the voltage d2 debgcted by the piezoelectric el ement
1 will be greater than the threshold voltage s, and as a result, it is

j udged thalsepoe1 ddier 18 ACHEHR pabKiRG BbOFLEPALEOR YRR FE i the ually

successfu even e lea ectroni c Ctonmponent

peen | NSerd el i di' o Uries éﬁ&%ﬂ;{;ﬁge{@%ﬁgﬁ%&ﬁ%@&earﬁparatus g, the

conponent TBUNtTHY appar at us accor I'nvention, a

comonent T Wi Shsiifent) FopBRARRES in enel MIGEPFRR LRGN Tl ST

char actor | g copiad atbent, 19 rleVR, bCRRpsaB) ool % Wonige o 6 ¢

a bl ock di agram show one exanple of. the construction for

det er i ng ?%r%{\gfﬂ‘g@"é& ‘acﬁﬁﬁn?lg’f’a%‘ heS BRen SERY Y MAS: t@'{?ﬂ&?ﬁ@ﬁt’:eﬁas
been successful corresponding to .the Varying valuif characteristic to
the el ect r 591 E288rPorRntha pisertion, dgtectinge §SCtAOPnLL o oni ¢
conponent nounting apparatus, a nounting programis_preset, in which
t he order Bﬂpﬁﬁﬁhg?Fégh fac?ﬂ%ﬁﬂﬁWﬁﬂ%:Wﬁﬁﬁ&?ﬁ@nﬂélgna&Eﬁb?H%ﬁc% ®th their

types is adjustable and therefore the variable gain amplifier can
adjust the voltage level of the detected voltage 2. The
10 active low-pass filter 3 can be made to correspond to
acceleration of the tact time for insertion by the electronic
component mounting apparatus 9 with good response.
The threshold voltage outputting section 11, to which the
discrimination signal is input, switches the standard
15 reference voltage to a value corresponding to the
discrimination signal by means of a standard voltage switcher

13. The standard voltage switcher 13 has the function of

" > S el = - “ - Lo = L - .- o,

switching the standard voltage to a voltage I, II, IIIXI--
corresponding to the discrimination signals a, b, and ¢ of the
20 groups A, B, and C as shown in Figure 8. For example, when
the discrimination signal a is input to the standard voltage
switcher 13, the standard voltage I is output to a threshold
voltage outputter 8. The threshold voltage outputter 8
outputs the input standard voltage I as the threshold voltage

25 s, to the insertion detecting section 12.



25 determned. A controller (not shown) in the electronic

17 conpQ unti ng apparatus outputs a discrimnatio |
desi gnati ngw(ﬁg&ﬁsg%e of electronic conponent with leads to Eﬁ}ﬁ%n%lgnt ed
to a judging means 52. A plurality of tR2esholds for each discrete type

of electronic conponents 100 with |eads are 5 prelimnarily stored in a

t hreshol d st or i ige skntenriorcetetiing sectignt b2 echmpares| e iimpwect i on
153 reads out a threshold from the threshold storing section 154, that
corresponddetectéd voltade/pk tof thiee tdireshpddi votbapensnwitbo anvohthgeds
that is determned fromthe input discrimnation signal. The 10

t hreshol d eempatatioby4 t h&thehr ebkotldteetedt volht ape td cexcEells $he t hen
input to a threshold outputting section 152, which in turn inputs the
threshol d thBrashbbsevéditagalat, ecthagvsktagenlevel dblties cutpuandardinal
reference val ue. Meanwhi | e, the el ectronic conponent nounting

appar atgls ig5inperted s With epesatinoerkoonfoRethy vWhltddgaddvea desitgeat ed
el ectroni c conponent on the circuit board by inserting the | eads into
corr espondithd ghekreSa aenes L4l i 1FIRELbrAtor 5 outputs a rectangular
wave. The rectangular wave is output through an output
transistor 14 from an output terminal 6. The ocutput signal
from this output terminal 6 is input to the electronic
10 component mounting apparatus 9, and the electronic component
mounting apparatus 9 determines that the attachment operation
for the electronic component with leads'was performed normally
when there is an output signal. On the contrary, when there
is no output signal even though the insertion operation was
15 performed, the attachment operation.is judged to have not been
normal and the electronic component mounting apparatus
indicates an insertion error and calls for recovery insertion

VR gl R el e adetfotiar m
or ma.mtenance.

e, T o S
aesteai: 3

In this way, the threshoid voltages s,~s, are changed
20 corresponding to the lead diameter, lead material, or lead
shearing stress, and therefore, no errors occur in the
judgement of whether the insertion was good or bad, even when
various types of electronic components with leads wherein the
leads 100a have differing diameters, materials, or shearing

25 stresses are inserted into the holes in a single circuit board



detecting neans 51, or the piezoelectric element 1 in this enbodi nent ,
detects stress-strain that is generated in the 20 <clinch |lever 144 and

i nputs a corWe8yessd ng detection signal to the inserti SETHEIURE g
section 151. The insertion detectimgp section 151 conpares the detected
signal with the sel ected reference val ue, and determ nes whet her the

mounting 1p2.0f the conponent on the circuit board has been successful or
25 not. The results are outputted to the control unit 110 and to

18 a di spl agpnmefpBSelBodiment describdd dteveheehe uHEEShbAt volEage
mounting of the conponent has been performed favorably, the control

unit 110 ggogs %sbetlon detbecio ol réyt il JHEN bak@ddoneyh1gegct ronic
conponent with 5 Jleads. On the other hand, if the result of judgnent is

unf avor abl &g SRl rtl%_gefl éthé@&@ﬁ’f&fw fé?ﬂ:tﬂ‘e%r)lo%ytﬁgaﬁléads of54, while
the control dnit 110 perforns the operatlon of re- nmount 1 ng or

recover gng élrbf‘”ct‘ijo%ﬁg %h‘boﬁgﬂ?gn% fti}ngé(%xe materidRONoHeLRE f?ﬁ%

error sign, he val ue“neasur ed et’ecting ne&ns i s snm
than the ter?ﬂEQ‘&f ﬁ%%dqonﬁéﬁgver, stress-strain also changes when the

design form of the clinch lever 144 is changed. Moreover,
when the type of piezoelectric element 1 is changed, the
stress-strain will also change depending on the change in its
10 properties. Such changes in the detected voltage can also be-
dealt with by the preseﬁt invention method by a1terin§ the
voltage level of the standard voltage switcher 13 as described
above.
Further, the piezoelectric element 1 may be mounted on
15 the clinch bed 145 instead of the clinch lever 144 as in the
above described embodiment. The attachment of the electronic
components 100 on the c1rcu1t board can be s1m11arly judged

Tim ks Lo e ‘*?WP'G% -w x, -c»-d.:-ema :‘; n-'*ep-mﬂu »«g'g.nr:,eéﬁﬁﬂ'-\haﬁ «3..‘-?—'»:3." oy KX RIS A

from the stress—straxn generated in the cllnch bed 145.

Although, in this embodiment, the piezoelectric element 1 as
20 the detecting means is provided to one of the pair of clinch
means provided for a pair of leads of an electronic component,
but the detecting means can of course be provided to both of
the pair of clinch levers. In this case, detection results of
both of the detecting means may separately be provided for the

25 Jjudgement of whether the component has properly been attached



unit 110 effects control over the insertion head so as to further

clinch the | gademesRs. if there has been no signal out pUpci/Efathisie
detecting neans, the insertion operation_of t he el ectronic conponent

is perforned again. If an error sign 1524 s di spl ayed, while it is
confirmed visually or by sone I nspection nethod that the el ectronic
conponent ﬁgstggtégp§§rgte, %@%ht??>§iéhﬂ?§QN¥%§ﬂ§§PF§t8?1Fﬁﬁsmﬁ§y i ndi cate
that the | _ stress-straint generated in the clinch | ever when cutting the
| eads of t H&ddVdEupdhYcSED PRACh Rf the dtertiBgnlednfas 20 actual Iy
smal l er than threshold preset in the judging neans. I n such a case,
accor di ngl pltegaatpvedkol thenjudgenerhgeay ke made haseddancmeanshvahee
detected vol tage through sone inputting means. Alternatively, the

di scri mi natdfokhsi gegults obtapnedchy sthe ctwy deteabimg oeaskectronic
conponent may be 25 changed, and the judgenent may be nmade again in
accordabce Furthermore, an input device with whith the usbereant h.

Further, if any failure is confirned, the display means 54 reports it
t o an oper &edredyy agiys phagshgld vofhage can risk qatawigiedhats meansefiapce i s
necessary.
selecting one of a plurality of threshold voltages output from
the threshold voltage outputting section 11.
Furthermore, in the embodiment described above, the case
10 of detecting the attachment of electronic component on
substrate has been described by way of example, but the
present invention method and device can also favorably be
utilized for detecting the incision of the leads by presetting
a plurality of standard reference values in a similar manner.
15 Or, of course, the present invention method and device can be

-used for detecting both of the attachment of electronic

componept on:substrgte and the incision of the leads.

INDUSTRIAL APPLICABILITY
20 With the present invention method and device, as

described above, the reference voltage value for detecting the
attachment of an electronic component to a subst;ate can be
altered in accordance with changes in the voltage
representative of stress-strain in the clinch lever.

25 Therefore, the present invention can favorably be applied to



Figure 7 is a specific exanple of the circuit design for 5 effecting such

j udgnent as descri bed above. In order to deal with the changes in the
stress-straigglghledshe clinch lever 144 detected by the Ra4p6d/esid i C
el ement 1 due to varying characteristic features of the electronic
conponent, the anount of strain det%tted by the piezoelectric el ement

1 is 10 neasured_in advapnce for, each type of el ectronic conponent with

| eads wi t h ter £&ELAE PELRLETLFRRS SOMRORENTafOMNLing RRabnégwes whexeim i ng
stresses. These val ues are_divided into groups of al | owabl e ranges,
based on weoEponents With, HPRL% SFRMMINtSdon a sybsizRkenvibh their

el ectroni c conponent has been successful or 15 not. For exanple,

stress- st r digRdsn begagcingerted iR gprresponding Miod@sand clinching | eads is
measured prelimmnparily with respect to the | eads of every type of

el ectroni ¢ conponents that are to be nounted. Referring to Figure 8,
if the | eads of types 001-003 of electronic conponents 100 have a
stress-5 20 strain that is within a prescribed range, these are placed in
group A. Likew se, types 004-006 of electronic conponents 100 W th

| eads | O0a are placed in group B and types 007-009 of ~ electronic
conponents with | eads are placed in group Cin accordance with the
extent of stress-strain in the clinch 25 lever. The data for such groups
corresponding to types of

e R P T T o aialit s I AT P L. e e g R, -~'~(;Af"iv.‘= iy . -»3'-‘»'» e ""‘:}f "'"':""f;!’"ﬁ e e B Lo g 'j:‘f < -
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20 el ectroni c conponents with | eads are stored in the

af orenmentioned threshold storing section 154 in the formof a Ygﬁfa
table 7. RefW@8HeE%huneral 9 in Figure 7 represents the PLTARIYGBTC
conponent nounting apparatus, and the d&#€ table 7 5 is stored, for
exanple, within a controller (not shown) of the el ectroni ¢ conponent
nount i ng apparat us 9. In theCIHAIMS roni ¢ conponent nounti ng
apparatus 9, a nounting programis preset, in which the order of

el ectronic conponents to be nmounted is determ ned and the types of 10
el ectroni c conponents are successively designated in this order.

Accordi ngly, theicontrlpethcd dfhecRin®dngoanc electrenid arwniionani twith
apparatus 9 outputs a signal designating the types of electronic

conmponent s 1@dl€oAPHNEBEst Patdf widdfein the ARIa@s7.(100&) daf ath@bl e 7 out puts
the group discrimnation 15 signals a-c, corresponding to the input types

of el ecsrowlectronleoeaﬁﬁsﬂéﬁt (l éﬁ%ﬁ@rlm&dvqhtageoﬁyésp@ﬁa section
11. The clinch |l ever 144 operates with the insertion of Teads

of the el eGidiy 1098)ORERHEa 100 £1K G ¢RRONdi0dY ,hah@Se1 #A€hed with

a clinch means (144) so that the electronic component is fixed
on the substrate, characterized by comprising the steps of:
selecting a standard reference value for determining

10 whether or not the leads of the electronic component have been
inserted in the holes, said standard reference value being
selected based on values representative of characteristic
features of the electronic component with leads such as
diameter, material, or shearing stress of lead;

15 detecting stress-strain generated in said clinch means;

comparlng a detected stress strain w1th the selected
R ey e - uo Yoty R K
ahdard référénde value,’ whereby it Is aeEe lnea WHSERSE 5~

_m-e

not the electronic component with leads has been mounted to
20 the substrate.
2. An apparatus for mounting an electronic component
with leads on a substrate, comprising an insertion head (103)
for inserting the leads (100a) of the electronic compehent
(100) into corresponding holes (102a) formed in the substrate

25 (102), a clinch means (144) for clinching the leads that are

AR O



the stress-strain generated in the clinch lever 144 is 20 detected by the
pi ezoel ectric elenment 1. An electrical signal corresponding to the

det ect ed ampgdosgdgesstrain i s output to t he detected volrCagroomasyoutti ng
section 10. The detected vol tage oytputting section 10 anplifies the

I nput el ectrical signal with a variable gain anplifier 2. Since this

gi el eCt r ' ca' %Q{‘alnt:'cﬁ”%'h‘éd‘éﬁréeE?b%lﬁQ ﬁf&%‘tfé’f’%&ﬂx&t fg the

enent pi ckfng upvi i‘'on genera

arerat n eaz HREE R 47409, FTEFEL oo 11
Corrponent

enoved by passa t hr ou active | ow.pass filter
The S|gnalf?E 4?&ﬁ?ﬁiﬁ%nﬁﬂiﬁ§Sr%iraéPengErate& ﬁ%l?%@ ching tﬂﬁ?qﬁds§V¥1on
detecting section 12 ification factor of the variable gain
Gl 11 or & FAGInG TiepnR (i )e 1B dEKEFBLBLRI MESORET A A SRl i 1 er
can adj ust the voltage | evel of the detected voltqge 2. The 10
active 3 ovepecleronig &0@%5311%@%&3?8508??egﬁﬁ?ldm?lbnt d on, & eration of

the tact time for insertion by the electronic
substrate based on a detected result obtained by the detecting

means, characterized in that:
the judging means includee a plurality of threshold

values that are preset therein, and comprises a threshold

10 output means that is capable of selectively outputting one of
theee threshold values as a standard reference value fer
detecting the attachment of the electronic component to the
substrate, a threshold selectiﬁg means (153) for selecting one
of the threshold values in accordance with the type of

15 electronic component with leads which is to be mounted to the
substrate, and an insertion detecting section (151) which

_ compares a detected result obtained by the detectlng means
ALy L v .-gpn- e e T . e T E R TS - ‘rM . — . .-.‘ - X . -
- . - .;., - . - P e

w1th the selectedhthreshold. o - : I
3. A method of detecting the attachment of an
20 electronic component with leads to a substrate, wherein the
leads (100a) of the electronic component (100) are inserted
into corresponding holes (102a) formed in the substrate (102),
and clinched with a clinch means (144) so that the electronic

component is fixed on the substrate, characterized by

25 comprising the steps of:

A O O



conmponent nounting apparatus 9 with good response. o ~The threshold
vol t age outputtln section 11, to which the discrimnation signal is
i nput, switcK&0 0("%%9 5standard 15 reference voltage to a val B@T/P00/02810
corresponding to the di scrim nation2si gnal by neans of a standard

vol tage sw t cher 13. The standard voltage switcher 1.3 has the

functi on of solidotiiingg at Btantiapdardfypbicgevd e A6 @@ rininkihg ! 11 -
corresponding to the discrinmnation signals a, b, and ¢ of the 20 groups

A, B, and Gieetkd®ver inbtFitdie aeBdsFer exaneiéct¥belc comp&x{ﬁtd'h%%' Bt i on
S|gnal ais input to the standard voltage SwW t cher t he standard

vol tage | isn@eseed i thd Woawko! daid st¥REAAGCr OFHS dpé&hfé?rvaﬁi eT'Ea%ﬁlﬁ’eeShO' d

vol tage out putter 8 out puts the input standar tage as t

threshol d vgbi@d€ed AvasdLdn Ja@.uteléerb§§355h9%29@é e&f'&%%]%% ﬁ%&gi%-

22 The 1 nsertion detectlng section ares

det ect eds VOkbagerés (&f té(]%t ect In]q.cvebﬁlggﬁeﬁt ‘W"&Phe Ay fage

conparator 4. \Wen the tage exceeds 7 threshol d vol t age

s,, the voltage |&@%§cﬁ¥néIg%rggkggkrgﬁﬁnbggérated in said clinch means;

and

comparing a detected stress-strain with the selected
standard reference value, whereby it is determined whether.or
10 not the electronic component with leads has been fixedly
attached to the substrate. |
4. The method according to claim 3 wherein the
plurality of standard reference values are preset in
accordance with diameters, materials or shearing stress of the
15 leads of the electronic components to be mounted on the

substrate.

) . 5. . A dev1ce for detectlng the attachment of an
— l'--;-r—._. . -‘j TR ,,.__«.. ',—.,_; }—4- _ **—K‘banﬁ;&g&m /‘W‘;“"W Singupdas., B
electronic component 'with leads to & substrate,”mhereln Phe ™ e
leads (100a) of the electronic component (100) are inserted in
20 corresponding holes (102a) formed in the substrate (102), and
stress-strain generated in a clinch means (144) is detected by

a detecting means (51) attached to the clinch means,

characterized by having

a threshold storing section (154) in which a plurality

25 of threshold values are preset as standard reference values

* [ L M S *



5 is inverted. Wth this inversion of the voltage |evel as the

trigger, a nonostable multivibrator 5 outputs a rectangul ar wave. The
rect angul ar way§edsss out put through an out put transi st orpcidipbe/asr0an
output term nal 6. The output signal fromthis output termnal 6 is

I nput to the electronic 10 conmponent nounting apparatus 9, and the
el ectronic co

nt t.Jd ng. at 9 t ] t
2t t achnent “Ggentrgens vhethBr e ABREN Be SR TR S e T e TR
f d |1 wh th ' t.put .si l,.,On th t :
When ther e B4 Depl RBCGRPRERL SPHATT o k0N BnESPAREE PEn operati on' was
15 perforned, the attachnent, K operation i s judged ;3 haye not been
nor mal and SEHECELYELY oRPEPRBRPRY TRE rﬂﬂnﬂh%&hé%ﬁéf’ u¥aiueS,j ndj cates an

i nsertion error and calls_for recovery insertion or naint enance,
In this way, thea khEsEBPYd\oelegengmaans. ey faresehgnbig ope of
corresponding to the lead dianeter, lead material, or |ead sheari ng
st ress, Sand-heh&halesheldn¥adpesdrs occur in the j udgenent of whether the
insertion was good or bad, even when various types of electronic
conponents with Redeteshedethrepkold ouymuddngosgckion dibeerfay di ameters,
materials, or shearing 25 stresses are inserted into the holes in a single
circuit boamutputting a detected value representative of the stress-
strain in the clinch means, that is outputted from the
detecting means, and
10 an insertion detecting section (151) for comparing the
detected value with the selected threshold value, and for
outputting an insertion detecting signal when the detected
value exceeds the threshold value.
6. The device according to claim 5, wherein the
15 detecting means comprises a piezoelectric element (1), and

outputs a voltage representative of stress-strain in the

,clinch means.

R eI ggen P e T g e et el e ae Sgbe -.’.‘_.~:" 3 x O L ;e . -
. - - Lo [P S e W e A e o v m ke e o . ce . . - - E
. 7. The device according to claim 5, wherein the

threshold selecting means is an inputting device with which a
20 user can arbitrarily select a threshold value.

8. The device according to claim 5, wherein the
threshold selecting means consists in a data table (7) stored
in the device, the data table containing data of a plurality
of groups of various different types of electronic components

25 classified in accordance with the characteristic features of

A



23 102. In the enbodi nent descri bed above, the threshold

vol t age for6 insertion detection is established based on val ues
represent ati Ve 8% Raracteristic features of the leads of GPCERIBOIN ¢

conponents such as diameter, material, ooshearing stress of |ead.
However, stress-strain also changes when t he design formof the clinch

| ever 144 Ithetialgads ,Mandoupon obtaindyeq 4 heidndle wdpridsentakeckr be ehenent
1 is changed, the stress-strain will al so change dependi ng on the

change in itdype UE pleietirbnes. cOHpbneNaNESheé Rttt ¢ ehevahbageatan al so
be dealt with by the present invention nethod by altering the

vol tage | ewgle @fhrddicldaBdaedtYRY! A68nS VM EHEines a5 kBedhich sﬁﬁgvg
e

Further, the piezoelectric element 1 may be nounted oh 5 the clinc

145 'nSteadéIgcﬂthﬁa'd&&@oh@ﬁ%rbéféna§ aid [heeputs £ROeAGSH fgg

enbodi nent. The attachnent of the el ectronlc conponent s
circuit ghoag ﬂgﬁ] o @h&ﬁ%&¥ ] Hd9 ess-strain generated
o s 3 gﬁﬂeldet I's err%(k)%mﬁgrf

in the clinch bed 5. Al t houg n t t he piezoel ectric
el enent 1 as .
and in response thereto, the threshold outputting

section outputs a threshold value which corresponds to the
discrimination signal.
9. The device according to claim 5, wherein the
10. threshold values can be changed in accordance with changes in
the shape of the clinch means.
10. The device according to claim 5, wherein the
threshold values can be changed in accordance with changes in

the characteristic features of the detecting means.

15
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20 the detecting neans is provided to one of the pair of clinch means
provided for a pair of |eads of an el ectronic conponent, but the
detecting neans can of course be provided to both of t j f
clinch 1ever 0% thi s case, detection results of bot hr}g:irﬂﬂ;]oréozgm
detecting neans nmay separately be provided for the 25 judgenent of whether
t he conponent has properly been attac

24 to the substrate, and the standard reference val ues nay

i ndividually set for each of the detecting neans. Al ternatively, the

j udgenent may be made based on neans val ue of the results obtained by
the two detecting neans. 5 Furthernore, an input device with which
t he user can sel ect any thresi@l | tage can be provided as nmeans for
sel ecting one of a plurality of threshotd vol'tages out put from t he

t hreshol d vol tage outputting section 11. Furthernore, in the
enbodi nent descri bed above, the case 10 of detecting the attachnent of

el ectroni ¢ conmponent on substrate has been described by way of
exanpl e, but the present 1 nvention nmetnhodanmd—dgvi ce can al so

favorably be

104
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utilized for detecting the incision of the |eads by presetting a
plurality of standard reference values in a simlar manner. 15 O, of

course, thew@mests i nvention met hod and devi ce can be pEE®Ebofod10
detecting both of the attachnment of electronic conponent on substrate
and the incision of the |eads. INDPUSTRI AL APPLI CABI LI TY 20

Wth the present invention nethod and device, as descri bed above, the
ref erence voltage value for detecting the attachnment of an electronic
conponent to a substrate can be altered in accordance with changes in
t he vol t age representative of stress-strain in the clinch lever. 25
Therefore, the present invention caf frag@r ablz be applied to

25 the fields of electronic conmponent nounting techni ques wherein
conmponents with | eads are nounted on a substrate with their | eads bei ng

inserted in correspondin%lRyles.
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5 26

CLAI V5 . A net hod of nounting an el ectronic conponent with
| eads on a s &”$ g wherein the leads (10a) of the 5 electronic
conponent (1 LP¥>i nserted into correspondi ng hol es (REDE500f0¥18ed in
t he substrate (102), and clinched with a clinch nmeans (144) so that
the el ectronic conponent is fixed 304 8 he substrate, characterized by
conprising the steps of: sel ecting a standard reference val ue
for determining 10 whether or not the |l eads of the el ectronic conponent
have been inserted in the holes, said standard reference val ue being
sel ected based on val ues representative of characteristic features of
the el ectroni c conponent with | eads such as di aneter, material, or
shearing stress of lead; 15 et ecting tress straln generated in
said clinch neans; and I &npardfn a detected stress-strain
with the sel ected

100
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standard reference value, whereby it is determ ned whet her or not the
el ectroni c conponent with | eads has been nounted to 20 the substrate.

2. An appaia)dessdegr nounting an el ectroni c conmponent wei/fpobessis on a
substrate, conprising an insertion head (103) for inserting the |eads
(1Ca) of the electronic conmponent (}Qp) into correspondi ng hol es
(102a) forned in the substrate 25 (105) a clinch neans (144) for
clinching the | eads that are 27
inserted into the correspondi ng holes for nounting the el ectronic
conponent to the substrate, a detecting neans (51) for detecting
stress-strain generated in the clinch neans, and a judgi ng neans (52)
for determ ning whether or not the 5 electronic conponent with | eads has
been nounted on the substrate based on a detected result obtained by
t he detecting means, characterized in that: t he j udgi ng
means includes a plurality of threshold val ues that are preset
therein, and conprises a threshold 10 output neans that is capable of

sel ectively outputting one of

Fig. &
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t hese threshold values as a standard reference val ue for detecting the

attachnment of the el ectronic conponent to the substrate, a threshold
sel ecting neans (153) for selecting one of the threshol in
accor dance \M"?PP"%S% type of 15 electronic component wth nggég&t’\lﬁ?lgh is
to be nmounted to the substrate, and ap insertion detecting section
(151) which conpares a detected resdl? obt ai ned by the detecting neans
wi'th the sel ected threshold. 3. A nmet hod of detecting the
attachment of an 20 el ectronic conponent with |eads to a substrate,
wherein the | eads (1 OCa) of the electronic conponent (100) are
i nserted i nto correspondi ng hol (102a) formed in the substrate
(102), and clinched with a clinth/m@ns. (044) so that the electronic
conmponent is fixed on the substrate, characterized by 25 conprising the
steps of: 28 sel ecting
a standard reference value for determ ning whet her or not the | eads of
t he el ectronic conponent have been inserted in the holes, said
standard reference val ue being 57
51 — VAR 110
{ r’lS'] f
DETECTING INSERTION CONTROL .
MEANS DETECTING UNIT
: SECTION )
N
[152
IS
THRESHOLD DISPLAY
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STORING
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sel ected based on val ues representative of characteristic 5 features of
the electronic conponent w th | eads; detecting stress-strain
generated i n,8§3hmssss i NCh neans; and conpar i ngTapopdent ed
stress-strain mnt% the sel ected standard ref erence val ue, whereby it
is determ ned whether or 10 not the g ecgronic conponent with |eads has
been fixedly attached to the substrate 4, The net hod
according to claim3 wherein the plurality of standard reference

val ues are preset in accordance with dianmeters, materials or shearing
stress of the 15 leads of the electronic conponents to be nmounted on the
substrate. 5. A device for detecting the attachnent of an

el ectroni c conponent wthdeads to a substrate, wherein the | eads
(1GCa) of the electronic corrgofent (100) are inserted in 20 clorresponding
hol es (102a) fornmed in the s strate (102), and stress-sftrain

generated in a clinch ne et ected by a detecting neans
(51) attached to the clinpch ans, characterized by having
a threshol d storing secti o in which a plurality 25 of{threshold
val ues are preset as stamdar e val ues
tH 1
N 1
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29 for judging whether the insertion of the |eads to the holes

has been successful or not, and which is capabl e of sel ectively
outputting one of the threshold val ues, a threshql d sel ecting
means (153) Y80%¥P¥cting one of 5 the threshol d val ues, *cr/dp00/02810 o
detected threshold outputting section ;152) for outputting a detected
val ue representative of the stress- / 8train in the clinch means, that
is outputted fromthe detecting neans, and 10 an insertion
detecting section (151) for conparing the detected value with the
selected threshold val ue, and for outputting an insertion detecting
signal when the detected val ue exceeds the threshold val ue.
6. The device according to claim5, wherein the 15 detecting nmeans
conprises a piezoelectric elenment (1), and out puts a vol tage
representative of stress-strain in the clinch nmeans. 7.
The device according to claimb5, wherein the
Fig. 8
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threshol d selecting neans is an inputting device with which a 20 user can
arbitrarily select a threshold val ue. 8. The devi ce accordi ng
to claimb5, wh .o the t hreshol d sel ecti ng nmeans consi ! dat a
table (7) st%?géfgsgg in the device, the data table contai nipﬁgﬁggc{hgﬁgf a
plurality of groups of various different types of electronic
conponents 25 <classified in accordan®e ®ith the characteristic features
of 30 their | eads, and upon
obtaining a signal representative of the type of electronic conponent
to be attached to the substrate, the threshold sel ecti ng neans

determ nes a group to which said el ectroni ¢ conponent bel ongs and
outputs a discrimnation 5 signal representative of the determ ned group,
and in response thereto, the threshold outputting section outputs a

t hreshol d val ue whi ch corresponds i he di scri m nation signal.

9. The device according to clai 5/ dﬂéreiﬁythe 10 threshol d val ues can
be changed in accordance with chgngeg J shape of the clinch
moans. PPTPot AP¥
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10. The devi ce. according to claimsb5, wherein the t hr esholseaVal J@%éﬁf‘
be changed in accordance with changes in the characterif

of the detect P(Q']'_f‘re ans. BEORLD INTELLECTUAL PROPERTY ORGANIZATION
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(57) Abstract

A piezoelectric element (1) is mounted to a clinch lever (144) for detecting stress—strain generated therein when cutting and clinching
leads (100a) of an electronig: component (100) that has been inserted in corresponding holes (102a) formed in a circuit board substrate
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the detected voltage d exceeds the threshold voltage s, the insertion detecting section outputs a signal indicating that the insertion of the
leads in the holes has been performed nommally.




