1 2243214 "METHOD AND APPARATUS FQR MACHI NI NG OR OTHERW SE .
TREATI NG A MEMBER AT AT LEAST TWO DESI RED PCSI TI ONS" 5 The present
invention relates to a method and apparatus for machiznizne = tthetw se
treating a nenber at at |east, two desired positions, e.g.- a printed circuit
board perforating nethod and apparatus for producing holes for nounting or .
positioning a circuit el ement on the basis of reference patterns for 10

i denti fying perfd'ﬂﬁi‘m@p pWEtABhBRAmUBEEOIRem{mmNG)rOR hOTHERWILSE circuit

board. A nethod ing :&ﬁé b i ch
ref erence patter ¥ OF JBd5 N en
formed 15 on the printed CIrCUIt board are imaged by TV caneras. | nmage

signals thereof are stored. Based on these inmage signals, central positions
.of the patterns are cal culated by an i mage processi ng device. The central
positions of the patterns are perforated after noving 20 the printed
circuit board on anatpnssent m%ﬁemnoa&m&e@cw taarm‘@tmahaﬁae
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descri bed abéﬁeat;ﬁﬁaﬁtrﬂﬂnrﬁpsimea5p051pionsedemgwuatpixnﬁeﬁ t he next
hole is bOfe@l@bdﬂEEBSHFE'BEEEEE éfh%hﬁ JEBBW”a?:‘@'f $€§@f however
Toye ? n a plu

only one perforg&hﬁagl ans “1's_enp erefore ity of
hol es for fdes frk meanting or §pﬁ@t;q@man§1Q4¥©®it boar d,
the sane opeedementham thdoLid IS Petetbhed patFrdd if®s. |If there is
an 10 ldentifying perforating p051tlons formed beforehand on

the printed circuit board. '

A method is known for perforating a printed
circuit board in which reference patterns for
identifying perforating positions which have been formed

15 on the printed circuit board are imaged by TV cameras.
Image signals thereof are stored. Based on these image
signals, central positions of the patterns are
calculated by an image processing device. The central
positions of the patterns are perforated after moving

20 the printed circuit board on XY tables in XY directions
in accordance with the calculated values.

When forming a plurality of holes in a single
printed circuit board, perforation is performed in one
portion by the method described above. .After moving the

25 printed circuit board, the next hole is bored by the
same method.

In the known perforating method, however, only one
perforating means is employed. Therefore, when a
plurality of holes for positioning are formed in a

30 single printed circuit board, the same operation has to
be carried out twice or more times. If there is an
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2 error between the patterns indicating the perforating poSiti'ons; it’
follows that perforation is directly affected.” This exerts an influence on
the accuracy of perforating of lead or wiring patterns, which perforation
is:to be executed at the next step. According to the present invention,
there is provided a nethod of machining or otherwi se treating a nenber at
at least two desired positions conpr|5|ng2forn1ng reference patterns for
|dent|fy|ng the said positions; inmaging said patterns so as to produce

i mage si gn&rTer betwsen yhepattemsindicating thepesforating positions, itifellows fhat pesferation
pattern positions of said patterns cal cul ating the inter-pattern spacing

bet ween saiitidiseatlyaffectedn e exerts-ancinfiuence; on-the ascuracy,of perforating of lead o5t  he
said pattern ,positions; calculatjng any error between the spacing of the
desi r ed poé“f@ﬁ%ﬂﬁ“ﬁ'ﬂ& Vhigh Pﬁftjeﬁt'ﬁ&tlﬁ expeuted at the REXLS8R; d patt er ns;

ca-l.(cul ating each of t.he desired .OSItl.OI‘l romthe i,nter ern spam ng
when' t he pomhM%Eﬁ: thggé’k g 84 by
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The i nventlon al so conprises an apparatus for machini'ng or otherw se

treating aaseutb@iceavitibthe!réqst oft the déRslicreof thehid patent popitions; @l
nmeans for nounting the nenber; two devices for effect| ng the said machining

ot=0t her t emar betweenthd *;ncﬂg&)frtbeidemmdtpomuons aick thecinfec-@attérai spacing of thee
relatively to the nounting means; inmging neans for forming i mages of

ref erence padtpatmwtaluﬂating/ech@é’ thepdesisied positionsfrganthe interpagterprspaciagi ng
means for detecting the positions of said patterns in accordance wth inmage

si gnal s pr 3t dbe positions oficach aftheanference patiems has bean @qr:mdt ¥ soving it

calculating the inter-patt |ng bet ween, sai d pat ns in accordance
With the rdwovgh adisancs squal ta bell The o4 srros,aa!@wpma t-msatonsdd 1 or

correct| ngcglnXlag %m Q%rlo oW sg%ra the member at the desired posmons

' The member may be a printed circuit board which is to be formed with holes at

the said desired positions.

The said imaging may be effected by TV cameras. The last-mentioned calculation
is prefembly effected by machining miembers movable relatively to the member in XY

L directions.

The reference patterns may be constituted by holes in a gauge.

The invention also comprises an apparatus for machining or otherwise
treating a member at at least two desired positions comprising mounting means for
mounting the member; two devices for effecting the said machining or other treatment.
at the desired positions, the devices being movable relatively to the mounting means;
imaging means for forming images of reference patterns which have been provided on a.
gauge; image processing means for detecting the positions of said patterns in accordance
with image signals produced by the imaging means; an arithmetic circuit for calculating
the inter-pattern spacing between said patterns in accordance with the result of the



spaci ng by noving each of the devices by a distance equal to half said
error; and a control circuit, controlled by the arithnetic circuit, for
relatively positioning the nenber nounting neans and the said two devices,
and for effecting operation of the latter. The devices are preferably
perforating neans and the inmagi ng neans preferably conprise TV caneras. The
- menber nmounting neans is preferably fixed and at | east one of the devices
is novable relatively thereto in XY diregtions. Inits preferred formthe -
i nvention provides.a nethod for perforatlng a ‘printed.circuit- board by a

pair of paétfeEﬁéﬁbf‘fh: gﬁsfubﬁsmfo“rca dépﬂi’f&m‘a thefimeLpatterhat t erns

for identifying perfofating positions forne ef‘orehand on the printed

circuit bepdcihg BY nfovirRich o the dévicdstiyca distanteaglial to hil€ shiderfozf Sicace o
patterns for |dent|fy| ng the perforating positions of the printed circuit .~
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board by icomtrolssircuit, édhtesiied tasthe deitinnéticgrulte forerepativelyvpositivhing theanerhbérhe y_.
patterns by an i'mage processing device on the basis of | mage si gnal s _ B
obt ai ned niomnting mean's andrthecsaidtwaedevicespandpr effecting apération bf thedatiéng .
between the patterns in accordance with the result of detection of the
pattern positi Gie;devices ate-prefegably pedforating treeans and thesimagingymeans pressably ng
stored beforehand and the inter- pattern spacing 4 so cal cul at ed;

cal cul at i GOMPESE | a@qm%omtlons from the .patterns which are, ‘after the
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t he i mage ™

Thxs eompnses the steps of 1mag1ng the two refexenee patterns for 1dent1fymg the _ _
perforaung posmons ofthepnnted cxrcmtboard by the useofTV cameras;. detectmg the -
respectlve posmons of the pattems by an 1mage processmg dewce on the basis of image B |
s1gnals obtained when the TV cameras effect 1mag1ng, calculanng the spacmg between
the pattems in aecordanee thh the resuit of deteetxon of the pattern posmons, calculatmg -
any error between the mter-perforatmg hole spacmg stored beforehand and the mter- |

pattem spacmg



10 processing device, and cal culating the spacing between the pair of TV
caneras on the basis of the result of the detection. In its preferred form
the invention provides a perforating appafatus for perforating a printed
cireuit 15 board on the basis of at |east two reference patterns for
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20 caneras l?% edCBPPQEi:%& i}% Lhe HSi(rgﬁaVaﬁ%e'EE”b‘ﬁ{o?ri‘ﬂgt ke printed

circuit board ere etmeen caneras bein |nag|ng t he
patterns. The PRFforating mephessuwhiehs éF&bﬂ}smdc&’PpPQ Y5 dablas | mage

processing dey %ﬁ&ri&éddfﬁeéébﬁgofhﬁhéoﬁékfeﬂﬁt@.h_?zﬁteanst he patderns in

accordance wt Eage si gnal s, obt ai ned a effect |nag|ng;
an\arithneti c REFERFREIBG PAFLELARF ng2PRe CRHFIRS %‘3&’6
accordanc&bMAtﬁemﬁamseﬁulpegfoﬂatectlon of the pattern p03|t|ons and an
error between the i Qra 3

inter-pattern spaci %ﬁéaﬁ SF% gg ’ﬂﬁ%’ﬂg Sg g pos%t | on?from t he
patterns, - Sfuihthér ainclufeethbastepg bﬁeempdoy;ngbﬁr@&aaﬂaaﬁtQﬁﬂgﬁuved
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perforating neSPREiNgp yea%nﬁt ‘éhel ﬁWOhEOQQSf bﬁ’aﬁl E’Qald-'pﬁ’;r Fusamenafs
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spacing ngy be fgégggfgg 323i22e éﬂggga cgig%ihggthe 'spacing between
’ .
the pair of TV cameras on the basis of the result of the
detection.
In 1ts.preferred'form, the invention provides a
- perforating apparatus for perforating a printed circuit
15 board on the basis of at least two reference patterns
for identifying'perforating positions formed beforehand
on the printed circuit board,the apparatus comprising a
nair of perforating means which are relatively movable
and have perforating members provided'on XY tables, TV
20 cameras disposed opposite to the"perforating members
with the printed circuit board therebetween, the TV
cameras being capable of imaging the patterns. The
perforating apparatus preferably also comprises: an
P image processing device for detecting the positions of
25 the patterns in accordance with image signals obtained
when the TV cameras effect imaging; an arithmetic
circuit for calculating the. 1nter-pattern spacing in
accordance with the result of detection of the pattern
positions and an error between the inter-perforating-
30 hole spacing and . the inter¥pattern spacing, and
calculating the perforating positions from the patterns,

Yo



devi ce may further incorporatethe function of detecting the positions of
the two holes inmaged by the pair of TVgcaneras. At this tine, the
arithmetic circuit may further incorporate the function of calculating the
10 spacing between the pair of TV caneras on the basis of the result of
the detect iwiniaif. ars)tafterOﬁalhﬁnQMEheOéESorTheormeembdomy:theILmtrated

Fours O B VERE: dda R olPEREREN ot B B el B
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cut-away front_ el evation ustfating a first pérforating means A in
the said em@ﬁﬁQﬁﬁﬁlngﬁﬁﬁNQ?Eﬁ|%°ahe§ﬁP§F§€d sectional view taken

substantial l'y alomﬁﬁe péPeoFating EpﬁHrStas Efguhashmeataenlewal Vi ew-

t aken subst | ong_the 11ne gure IS an £
enl ar ggd sesg'taf%’%;ﬁa/\ﬂaé%g? aﬁ%ﬁ“g%b‘ﬁ%ﬁ%(?l 9°a1eﬁn3tt ﬁepFeﬂg %ﬁ i'gure 25_ _
Figure 6 | spadimyinay dgs providéd, sand ﬁheaﬁ.mage pEogessing s a flowchart -

B gupe STV Haf dieher THISHAREPLTLY EinLRTAR BBbeAN O
whi ch may Bdig@daitadans L tthe, rewd oo hes . mpeedt by shet paigr ofeMV -
' \'AEVen“O“ canftas O iat & téfd\éﬁ}’ EH% é‘l“’i‘thﬁééﬂch%cﬁEtané&;andard gaUQG
i ch may be enpl oyed in the :
further 1ncorporate the functlon of calculatlng the
spaclng between the palr of TV cameras on. the bas;s of
~ the result of the detectlon of pos1tlons of the two e
_ holes. o S o/
The 1nventlon is 1llustrated merely by way of o
example, in the. accompanylng draw1ngs, in whlch - ,
Flgure 1 1s a plan view partlally in sectlon of an -
embodlment of an apparatus accordlng to. the present
invention, the v1ew belng taken substantzally along the
‘Iine E-E of Flgure 3; L ,
Figure 2 is a partlally cut—away front elevatlon
- 20 1llustrat1ng a fzrst perforatlng means A 1n the sald
| -2mbodiment; ' o .
Flgure 3 is an enlarged sectlonal v1ew taken
substantlally along the line F—F of Flgure 2;
Figure 4 is a sectlonal v1ew taken substantlally RS
25 along the .line G—G of Flgure 3 _ ,
Flgure 5 is an enlarged sectlonal v1ew taken
substantlally along the line H-H of Figure 2
Flgure 6 is a block dlagram of the sa1d apparatus,
Figure 7 is a flowchart of the operatlon of a.
30 method according to the present lnventlon,

Flgure 8 is a partlally cut- away plan v1ew of a
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the present invention; and Figures 10-to 13 are drawngs illustrating 5

cal cul ati ons which may be nade by an arithnmetic circuit formng part of an
apparatus according to the present inventign. Referring first to Figure 8,
a copper lead pattern (not shown) is fornmed on a printed circuit board 1.
Fornmed thereon are copper-based reference patterns 11, 10 12 for

i dentifying posrtintes toddwmmiteoaral echichlihees e i perforaeedeby the

ref erence patt 1, i u £ the tr ating spacing L
(Figure 11) thg‘régg’gtamggﬁkzgﬁ?ae%&gﬁss%(fg%r{\/%eggﬁer%e%%el&g‘r'%gﬁgé'of the printed
circuit board 1 duri Fdowreafd dis pv ipadtigldy eur-4say aplansviewwatid Figure
1, a perforati - s ﬁgyga { V. i fggns
perforation bygﬁgg&%%(??tgg%g %@%gﬁfgéﬁq%@ TEANS jAﬂ %@émlﬁgﬁﬁg?egf

rel atively novibBePresen dnyanddigrend& he first 20 perforating nmeans A

i s \ovabl y Irmugt ed, @i etglwta_osa;q-lgrld; rate (fogvfzﬂggémﬁgb‘u&tatihged. By tod
rotating a lead_screw,C roller shown i igure 2).which, are.prqvjde
on a bottog facd SfﬁFﬁé"’ﬁ’@r 1”"&1&5'\ r’ﬂf(ynglfnér‘%&{]er (}?3? Hh ?%1+¥\€'“?£15 EbP‘FHé t he
perforating nefesmAngaypart ofveth taprardius gurording Ato athei presenbl e away

t herefrom ThLPvgthggenent is intended to adjust the spacing between the
in

pair of perforé g neans A, B so that it may be adapted to a variety of

printed circuit boar Refleawing diifrsdr dot Rigune £ iy cepRengbeadhpatiern
oo T o or RS SHARP ied i MHAIA Wprcusgrasisact o 2es
Formed thereon are copper-based reference patterns 11,
o 12 for identifying positions to be perforated. The
A spacing L' between the reference patterns 11, 12 is made
up both of the true perforating spacing L (Figure 11)
therebetween and errors derived from deformation of the
printed circuit board 1 during or after printing and so
15 on. |
| As shown in Figure 1, a perforating apparatus
according to the present invehtion performs perforation
by means of a pair of perforating means A, B which are
relatively movable. In this embodiment, the first
20 perforating-meaﬂe A is movably mounted, while the second
perforating means B is fixed. By rotating a lead screw
C, rollers R (shown in Figure 2) which are provided on a
o bottom face of the perforating means A roll on rails D,
e - D so that the perforating means A may be moved to a
25 position A' and is movable away therefrom. This
arrangement is intended to adjust the spacing between
the pair of perforating means A, B so that it may be
adapted to a variety of printed circuit boards having
different perfofating spacings. This is necessary
30 because printed circuit boards have a variety of sizes,
and the perforating spacings are different from each



other. The perforating neans A, B include drills 61, 61B serving as
perforating nmenbers, the drills 61, 61B being nounted on XY tables. The
positions of the respective drills are mnutely adjustable in XY :

directions. 5 The first and second perforating neans A, B have
absol utely pRgegame structure. Therefore, the structure of. only one of
‘them nanely’ that of the perforating neans A Wi expl ai ned i n_det ai

Figures 2 and 3 afBeaPgaforatipg:meansayp f rﬁ)rﬂn%lléi%ttd 9d6in 6ABarged
sectional vieweaghakl bu&tfb%hlt&agt tuenm&@r AN QFERNS éi gagork table 2

Is fixedly unted on:a per. .surface of a case 21. nting menber 22
for the prlﬁgéBgCWPBHFng8§ F, t ?@Hﬁ%ﬂﬂ(ﬁﬂf(ﬂ?ﬁ#ﬁ}Q&ﬁkﬁéfk €2 which noves
across bet weespebetidei Gridlsaateamivivtalny eadﬁhmbtsm&ech.mmm te 15

thereto T circuit board 1 is fixedl'y set in the nounting e
menber @fr%&%?bﬁgéd ci-rcui-t ‘board hol di.ng devi ce 8 which will be §£

nentloqu | ater. ﬂhelghrsenandlsgcmeanexﬁciapﬂngEmeqRSWAdeﬂ havei quely
downwardl y QBsbgﬁteg?l €he- EHhES sltﬂlcttutr‘ewar 2. I]Zé he i | SE PdethEEYl t

board 1 di spgse he- nount | ng - nmenber “The erence patterns 11, 12

f or |dent|f9fn§niﬁeoﬁérpgrghﬁﬁg Bé@?ﬂﬂbﬁ?ﬂ%%? ﬁhﬁnﬁﬁfﬁﬂIQNﬂ%ineras
brovi ded upheasbyagfwihie babbgplathedt skh@ddssy, TV canera 4 and a second

{hese TV caner as EHBERS: Anghfly sapgep%omlﬁﬁf’e AT R aé?.eﬁg“‘&EC.
5. Central epesationsahieanoéndaegeliusedeiietaid vm eeztcﬂﬂ val ues are -
val Do an sELBELESE Rhir BnE BRI RLARY naerie 1| A aitioh iadd E dfée“ o
descrlbed fixeélylmdunuedb9naanauppbmeSumﬂacanoﬁ arbase 21. _ is
mounting member 22 for the printed circuit board 1 is .
provided on. the work table 2 which moves across between
the drill 61 and a TV camera 4 disposed opposite _
15 thereto.. The printed circuit board 1 is. fixedly set in-
the- mounting member 22. by a printed circuit board
'holding device 8 which Will be mentioned later o
A light-emitting means 3 (Figure 3) proVided
obliquely downwardly of the ‘table 2 emits light towards
20 the printed circuit board 1 disposed on the mounting
member. 22. The reference patterns 11 12 for
identifying the perforating positions are imaged by TV
cameras proVided upwardly of the table 2, i. e. the first
v camera 4 and a second TV camera 4B illustrated in
25 Figure 6. Image Signals obtained when these TV cameras
effect imaging are processed by an image process1ng 3
device 5. Central pOSltlonS thereof are thus detected
Detected values are supplied to a perforating control
| circuit (CPU) 7. : Based on the detected values, an
30 arithmetic operation, which w1ll hereinafter be
described is carried out by an arithmetic Circuit 71




8 A val ue which has been calculated by the arithnetic circuit 71 is

supplied to the CPU 7 and at the same mpnent is stored in a nmenory circuit
72. The CPU 7 controls driving of the XY Bables of the perforating neans A, -
B. -An input device 10 is capable of inputting (presetting) to the CPU 7

dat | ati t ' L bet n_the_hol ' he like tq be f d.
The spaci ng & & YALERFALEE btis RerRocRbRBLFtER B0 £0% aZA e i ou ng | 5 a
description ofcirehitt?hgislesupplfefiotosbhét CBY Thandr iat the isamehe XY

di rections. A%éﬁéﬁ@tigggg%#g?ﬁgg\t%re eﬁgggg¢§?c§g_;&p9rzt p"ﬁfee%ﬁﬁg 23 are

attached to the undersi “A"Dasé '24°Ts fixed to the

| oner ends of ¢ortxobpoiripingecef2B8he23dY haklesbpd &he perfaomalintdl on the
base 24 as to Reap@Vvablg i naih i i k8N ot he R & it imbl e 62
bei ng controlled %5'%?5%5 ro |§?ngi§§g£5§.lﬁna§ F§§?§HB4 islggﬁhqugggd on
tha—Y tabl e as(PEPRtHIRGDH| BO1the CRUt Redrtai redatdng tive HR® SRARIT L he X

tabl’'e 64 bei nbsEpééeR! t86l RY18sCHLSEhEOLLRE @bl B8 $ormbd.nDVhd hspatimdl e
62, as shown in Figure 3, a Y-axis tor 67 is.di spos on a nounting plate
66 secured to h%séﬁﬁF%fé?ﬂﬁe@a%% Egg Bgmory °1r°uA'Y% “iving shaft 69 is
~connected via a coupthegféBlowingmdsoa destriftdonOoft lae stwitfdringeri phery of
shatt 60 is rorareee 8 bok: Enifnihy Frklaradd B 3R bR RN sl Ao 0
601a which 25 As hllustratedoinhBigudess2dandf 3,hsupport2plates 3y t33 t he
~underside of tdge Vat@RbKed2tdStReCORAELE1IEE BEAtRe work table 2. A
10 oase 24 is fixed to the lower ends of the support plates
{0 23, 23. A Y table 62 is so mounted on the base 24 as
to be movable in the Y direction, the movement of the Y
table 62 being controlled by cross roller guides 63. An
X table 64 is so mounted on the Y table as to be movable
15 in the X direction, the movement of the X table 64 being
controlled by a cross roller guide 65.. To move
the Y table 62, as shown in Figure 3, a Y-axis motor 67
is disposed on a mounting plate 66 secured to the end of
the base 24. | -
20 AY driviﬁg shaft 69 is connected via a coupling
68 to a motor shaft 67a. On the outer periphery of the
Y driving shaft 69 there is cut a ball screw (not '
. shown). The Y driving shaft 69 is rotatably mounted in
&j' '~ bearings: 602, 602a on support members 601, 60la which
25 are fixed to the underside of the base 24. Fixed to |
the underside of the Y table 62 is a connecting plate
603 to which a nut 604 for a ball screw is fixed. The
ball screw nut 604-is mounted on the middle of the Y
driving shaft 69. The nut 604 is moved in the Y
30 directions by rotations of the Y driving shaft 69. The
Y table 62 is thereby movable in the ¥ directions. The



603 to which a nut 604 for a ball screwis fixed. The ball screw nut 604 is
mounted on the mddle of the Y drivinggshaft 69. The nut 604 is noved in -
the Y 30 directions by rotations of the Y driving shaft 69. The Y table
- 62 is thereby novable in the Y directions. The = 9 nuneral 605 designates:

- an axi al SQ{lﬁﬂEréPr:’:@EtdeQQ Rt 86| ShNafialineeXsdd ToPitlihg Bh nove an X
table 64, as_jlJust n F[ ures 3 d 4, an-X-axi s notor 607 S o

dlSpOSGd(NPE%Q&RWR{aﬁh GQQEEErg ‘to the base 24. An X driving"

shaft 609 is conrteustmmivalanaxcbajble'ng4608st d10strated smmffigireshe not or
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screw (not Sh y mounted in
bear i ngs orPJ@Rﬁ)(ﬁQS eeeered 610 thhe 1hagexdd .t oAPNE dmiydngs whafte of the

base 24. r i e fageof the X ~
DT os, SORYpClometeuaryidt é°‘3\$ﬁﬁg?§b§ot5%t é:%i%g{“%efm qdi'e of theig

driving sh@k e q‘%t‘?#'x@wtoT*aec%‘ﬁﬁ%&Pﬁﬁ-"-EBﬁ‘B'é’ro 6 *IFYGRENd of the
connecti ng d1iEE 608 is S@Pdys chesni & Bam/eeerewnqnwsmma_ttamm to the _

R U aflehl SEERE 40T TT IR S8y pllE S IS RIS 010 15
along a gwshppﬁftrmembe&d 611} héllepeixedr tacthef uppes lsagf el offhe bal
a1 ving share TREE 441 O Colbeaeing telntai sl slpdigiediiney (he X
connect i ng Upper swuface 1Gf dthke. rﬁbv‘e%ibbq 6Ae Dbal baé-é-r SRTW. n@1:4 61‘tl'he X
tabl e ¥4 i s,sar ehy UG & £HE a1 da18°bEORRe XNBrdVINGsHAkR denotes an.
axi al sensor_for setting
609: is fixed to a connecting member '610. .The top end of -
the connecting lever 613 is sandwiched in between pins -gJ
612 612 attached to the upper surface of the connecting_
.member 610 The connecting member 610 is connected to a
15 linear ball slider 617 movable in the x directions along_:_
- a guide 616 provided on the upper surface .of the base.
;24;: The ‘ball- screw nut 614 . moves in. the x directions as
a result of rotations of the: X driVing shaft 609 The
connecting member 610 the pins 612  and. the connecting
20 lever 613 are moved by the ball ‘screw nut. 614. The X
‘table 64 is. thereby movable in the X directions The
.numeral 615 denotes an. axial sensor for setting an -
origin of the x—axis motor 607 e N
| - As illustrated in Figure 3 _a cylindrical mounting . h'c;_€5
25 member 618 is mounted so as to pass through the front ' -
| end portion of the X table 64 A spindle motor 620 .
extends through the mounting member 618 so that the .
motor 620 is movable up and . down through a slide bearing-
_ 619. - A collet. chuck 621 is proVided at. the upper end. of .
30 __the spindle motor 620 The collet chuck 621 is fitted
with the drill 61 A chip houSing 622 is fixed to the




origin of the X-axis notor 607. As illustrated in Figure 3, a cylindrical
nmounti ng 25 menber 618 is nounted so as to pass through the front end
portion of the X table 64. A splndlelnﬂkﬂ 620 extends through the
nmounti ng menber 618 so that the notor 620 is novable up and down through a

slide bearing 619. A col chuck 621 is OVI ed at .the upper end of 30
the spindl e nIPBFTeSHd th@bNQQPtéﬁEEW‘ ¥8tted with the drill 61,

A chip housing 622 Thef ichdth housing 6210 ippsr o&i&bdﬁwiﬁw avhole ng2ganber
pacs the |1 ghEoreag HateR, et Bask %&%@@* % ot s J{QHEDATLERETY
with a duct 6meansr 6ugh‘1\hle| mllsh.@gciﬁl&i’s iisy cnnmexﬂed] wikth |2 rduek eb83cked by
a vacuum punpghiel hg’ﬁ‘?.ﬂﬂ %ge ps Hiddeen ﬁhmﬁsaﬁersmeag

forward (raisjng) t adjustlng the hel e top end
t ek eof . A suBﬁoPt VAR PRED §Wx§@m)an internal surface of the case

21. An ai cyI|nderFﬁgﬁrbs5ng%@hgdapméad§ngar(ﬁgb tfrwaFd t he support
b el CTERSREEIOLBE U sl Sl o, oo, "5
is a cylindri tap shdpphereefuhi ahsap Gﬁﬁ)is;ﬂﬁxadeuo dme | ower
Fetai ning pl atBLE38%y SBRE2So Shor 126 T ? PR T M
of the suppormoph&ed 624a laweMaEndoportﬂannmﬁeﬁhE sigigonihiglate §24évi ded .
o VRe Y R350BEREcde pinBROoER 3,24kt ) U e 5P T
shaft of the a1r cy inder 625 by use of a stopping member
627. Designated at 628 is a cylindrical stopper in
which an oil dumper 629 is mounted. The lower end of
the oil dumper 629 is engageable by the stopping member
627. A retaining plate 630 of the stopper 628 is
15 wrovided at the upper end of the support plate 624. A
shaft of a clamp lever 631, which is provided outwardly
of the case 21, is screwed into the retaining plate
630. The end of the lever 631 retains the stopper 628
in-a predetermined position. One end portion of the
20 connecting member 626 which is formed in an L-shape is
connected to a lower connecting shaft 632. An upper
connecting shaft 633 is drivingly connected to a holder
o 634 fastened to the lower end of the spindle motor 620.
o The case 21 is provided with a recess or aperture 21la.
25 Positioned in this aperture 2la are a head portion of
the o0il dumper 629 and an operating portion 635 thereof
connected to the upper end of the stopper 628. These
components are operable from outside.
After attaching the drill 61 to the collet chuck
30 621, the height of the drill is adjusted. At this time,
the clamp lever 631 is slackened to depfess or raise the



in a predeterm ned position. one end portjon of the 20 connecti ng nenber
626 which is forned in an L-shape is_cg nected to a | ower connecting shaft
632. An upper connecting shaft 633 is drivingly connected to a hol der 634 _
fastened to the | ower end of the spindle notor 620. The case 21 is provided:

W th a reces ?étﬁﬂﬁrppﬁrgl%haﬁs 5&15 d 1100qthd addisup@esisdre dda are a

head portlo an operating portion 635 thereof

connect ed tBoBhEigBpef &he: éPWPKeeslﬂomfertl’@ZEFtOH%’é &3fpbhchreraPE
“operabl e frﬁd\ré_dt ﬁpdandAhb% attm@1 G HdM: %{ dddt £n tOf tEke cotbphinguck 30

621, the height dri dJu ste t hi the clanmp | ever
631 i s sl acRe ﬂrté&aeb§e§ 5r Hﬂ%& éf ii?%iﬁ?lon 635 di sposed
| E thg aperisra aéscrlpthonpofl u @n-ﬁnftetdwe::lmﬁt drshrd h@bdfmgpperng28 |6§ g
t her eby nove n 16! t Sltl S{ oppi menber ?*
I's thus det%gﬂpgego ?ﬁngBFI RF g éﬁ% d{?daleQ circuit ;eﬁ
board hgl di wgrketableo2. Sedsr. u.d.g.usmamed'lt:ed Emgturﬁ t3b0‘ar1m011nt-bn§he work
table ﬁ? kguw EEGQE}P:@dFH:%U% u éﬁgﬂﬁé PLd Qydrx i €abigeg, to the

under si de 21s tixed to the nounting plate.

81. CbnnectAnSYlé§§98332845aﬁé %é%§#¥hWPQﬂﬁﬂﬂgmﬂ%ﬁﬂ¢r&%d by pi ns 83a,.
84a to the c@ﬁhé&t@ﬁg ebdbhs3§hef4t s Whiecudd 1visTy Grivigly olliiMegasses

o e Bhin 038 B £ Eher oURAE Sy, o ie et "of BRRT £0.°" 3
84 may be pcymindehoan a.Thef rol684 passes &hrough viel tabkeppoandd on t he
S5 o orSREahAl RbyaRger el b ol Pl b U Sprend of o
plate. 85 fixed to the upper surface of the ‘table 2 ? QJ
so’ that the rod 84 may be ‘pivoted. about a shaft 86. An
.arm' 87 is. plvotally supported on .the- shaft 86. The. ‘rod
84 is linked via a spring pln 88 to the upper end of an
15 arm. 87a connected to the arm: 87 and extendlng-upwards
The. front end of the arm 87 is mounted in.a forked
'presser lever 89 and connected thereto through pins 801,
302. . The front end of the presser lever 89 is formed
_ into a- substantlally U—shape ‘as seen in plan A ring-
20 like presser t1p 803 1s plvotally connected v1a a pin
804 to the front end of the. lever 89.
- In. operatlon, the prlnted clrcult board 1 is.
: placed in a predetermlned posztlon on the member 22 and : d%ﬂ
‘a start switch.(not shown) is. turned ON.. The cyllnder S l o
25 82 is thereby actuated and its shaft moves forwards |
The: lower end of the.connecting:rod_84.1shpushed by way
of the connecting'rod-83:and“pivots-about the shaft 86
to a position 1nd1cated by a.solid- 11ne An Figure 3. As
a result,. the front end of the arm 87 is lowered and a
30 . press member 803 descends correspondlngly The_pr;nted.
. circuit board 1 is held and thus flxed The lower



The front end of the arm87 is nmounted in a forked presser |ever 89 and
connected thereto through pins 801, 302. The front end of the presser 1 ever
89 is formed into a substantially U shape g5 seen in plan. A ring- 20

| i ke presser tip 803 is pivotally connected via a pin 804 to the front end
of the lever.89. In operation, the printed circuit board 1 is placed in a
predet er m ned purifaicen oﬁnﬂlieepnaﬁsemo&ihexarﬁba m:afom]z\ythdaldnothehovm) is

turned ON. E.II%(& %% at, con rtJTQletreG&)yCi %‘gﬁlt's e | t sy haft noves

f orwar ds- . The mer en Ing ro @25 may of the
connecting rodP3d8sing Forees mm hes parintesl teizcwpiti Peard; ndi cat ed by

a solid line in Fi gumrge3twds rdfetem ?Qy% ty ench pfgdpe; déﬁﬂl h
| owered, and a_30 pr.ess menber 86% esce 1Epas fé C ‘%I}ﬁl g

corres ondi ngl y. e
printed circui PPHEQFAtings PRSitions aFes simuskt anqqgs vuetectad. s Thece of

t he=pr ess rrenbentaesgwtb@hmspaﬁqh@s 'hagigcsldtede ofaldelatéedt &Uso
circuit board 1. No bi

two referegce bﬁt 28 ﬁé"%sflfn suegn the on T %éllrpﬁtﬂ‘gt%cg%‘té?ﬁ)a d a-rl-ge
si mul t aneousl ypémf'eu'.'aeclnﬁho].lenspac;m}gt &.n sm'aics rertor i ks de Iwedt ed.
per for at  ng- hof ST EgRat a8 PoRTIBRE, BRAFHAS pedfbdrfodtul by fhe 0
whi ch have beehaéyﬁﬂeﬁﬂguesy are naﬂwudamgduﬁ;onuthexﬂannemnﬂ llonlzhe
B o o i rene EEESA! 85, B1adbatenl 6 Ehe lnd WeARiOrly MoBORLAASIS,
arlthﬁEtI& C|rgﬁ d; per orating is then effecte
An arithmetic operation by-the-arithmetic circuit.
\U3 71 will next be explained.
Figure 9 illustrates a standard gauge K having

two holes k1, k2 which are. perforated exactly at a

predetermined spacing 2.

15  The standard gauge K is set in'the pair of
perforating means A B, the positions of the TV cameras
being indicated in Figure 10 by PA, PB. It is assumed
that a line which connects the two cameras: is an X-axis,
while a line orthogonal thereto is a Y-axis. The. letter

20 p represents the spacing between the two TV cameras. The
letter 4 indicates the spacing between the two holes of
the standard gauge K. The spacing in the X-axial
direction between the two holes is-expfeSsed by X,
while the.spaoing in the-Y-akial_direction therebetween

25 is expressed by ;Y. The two holes k1, k2 are imaged by
use: of the TV cameras. The image processing device. 5
detects coordinates (21, yl) of the hole k1l and coordinates
(x2, y2) of the hole k2. Based on these detected values,
the spacing p between the TV cameras is calculated as

30 follows: |



71 wll next be explained. Figure 9 illustrates a standard gauge K-having
two holes kl, k2 which are perforated ggactly at a predeterm ned spacing
[err]. 15 The standard gauge Kis set in the pair of perforating
means A, B, the positions of the TV caneras being indicated in Figure 10 by:
PA, PB. It is assunmed that a |ine which connects the two caneras is an
X-axis, while a line orthogonal theretao is a Y-axis. - The letter 20 p-
represents the spacing between the two TV caneras. The letter [err]

i ndi cates the spaci ng between the two hol es of the standard gauge K. The
spacing in the X-axial direction bet ween the two holes is expressed by
[err], while the spacing ﬂg Y- §Ia| direction therebetween 25 = is-
expressed by [err] The oIes k1, k2 are inmaged by use of the TV
caneras. - The imge" processrng device 5 detects coordinates (x1, yl) of the~ :
hol e k1 and coordi nates (x2, nj2ﬁ_cL_Lhe_hnLe_k2 Based on these detected Er
val ues sthe spacing p baxvee j ] e-TVYRaFFEIjraQ is calculated-as 30 _ o
folloms 13 [err] y2 -yl 5 [err] p=Terr] - (x2 =
x1) = [err] (x2 - x1). 10 Next, the-perforating means A noves
by a dlstance equrvalent to the difference (L - p) between the inter-
per f or at ed- hol e spaci ngpL=dbl théxzntexliv-canera 15 -spacing p. Wth
this nmovenent, the spacing - T nmeras PA, -PBis nade to
coincide with L. o= dr4 - (y2 - !l) - (x2 - x1),

10

Next, the perforatlng means A moves by a dlstance
equlvalent to the: dlfference (L - p) between the inter-
perforated-hole.spaclng_L and_the_lnter-TV—camera B

15 spacing p. ‘With this movement, the"spacing'between the
v cameras PA PB is made to c01nc1de with L
The.prlnted circuit board 1 to be perforated is
"subsequently set in the two perforatlng means A, ‘B.  The
reference patterns 11, 12 for 1dent1fy1ng the ' '
20 perforatlng p051tlons are 1maged The. 1mage processmng
. device 5 detects central coordlnates (x3, y3) (Flgure
11) of the pattern 11 and also central coordlnates (x4,
y4) of the pattern 12. ~ The spac1ng L' between the two-
patterns 1s calculated based on these ‘detected values. : ..Wui"
25 - Namely, the spac1ng in ‘the X ax1al dlrectlon of the '
spaclng L' 1s glven by ' o C

‘L 4+ (x4 - x3)
'+ (v4 - e .
{L + (x4 - x3)}2 + (y4 - 33)2

1'2

30



The printed circuit board 1 to be perforated is subsequently set in the two
perforating neans A, B. The refetence patterns 11, 12 for identifying the
20 perforating positions are inmaged. THK& inage processing device 5
detects central coordinates (x3, y3) (Figure 11) of the pattern 11 and al so
central coordlggI€$ éx4, y4) of the pattern 12. The spacing L' between the
two. patterns is %%l at ed based on these detected val ues. 25 Nanel y,
the spacing in the X-axial direction of the spacing L' is given by: L'X = L.

+ (x4 - x3) 30 s = o {——fer [ 14 so, that L'
[eﬁ?] - : L = J{L + (x4 61;3;ﬂ§ ﬁnﬂcﬁ—paﬂﬁ@}n sLaC|ng-hsq¥9thus

cal cul ated. 5 Wth respect to the thus cal cul ated spacing L'
positions 1lla, 12a (Figure 11) for producing the required perforating
spaC|ng L aret§hen calculated. In this case, the error between the spacings

\end L is al lb%a’t%?%cﬁ%???r?osBﬁ?ﬁnglHesist kBushFadedaiedng t he
perforatl p05|t|0n31tﬂﬂrespect tbothe &ﬁuslba&buaht&dogpamﬁkkpmatlng

et e cent r al RS HAE B o Hon UELgRPr 01 0) 1 BOF P RERRE B or o 7T
correcting therequired rpexforating spabingelLcavedihenesalclated.of Irhe
Patterns 11, TR FI9E £A8 ] Arilr BECANEh ciB Rk kD] L SAPRRY 19 e
are attained: allocated equally to both s1des, thereby determining the -
pgrforatlng positions.
Figure 12 illustrates one perforating position 1lla
W, in enlargement. On the basis of the TV camera PA, let
i (x5, y5) be the central coordinates of the position 1lla
to be formed after correcting the error in. accordance
with the coordinates (x3, y3) of the pattern 11, and
15 ' let 8 be the angle made by the line connecting the
patterns 11, 12 and the X-axis. 1In this case, the

 following relationships are attained:

10

x5 - x3 = (L' -1L)/2.X cos 8
¥5 - y3 = (L' - L)/2 x sin. @,
20 )
when
U, tan 6 = a “
| 25 cos 8 = 1/J1 + a2
sin 8 = a/Jl + a2
x5 = x3 + (I - 1)/(24/ 1+ a?) coe (2)
¥5 = 33 + a(l’ - 1)/(24 1 + a2) eee (8)
30 where
a = (y4 - y3)/(L + x4 -x3)

= (y5 - ¥y3)/(x5 - x3)



x5 - x3= (L' - L)/2 x cos [err] y5 - y3 (L' - L)/2 x sin [err]; 20 when

tan [err] = a 25 cos [err z 1/[err] sin [err] = al [err] x5
= x3 + (L' - L)/ [err] .13 (2) y5 =y3 + a(L' - L)/ [err]
.. (3) 30 where a = (y4 - y3)/(L + x4 -x3) = (y5 - y3)/(x5 - x3)7 .

157Simlarly, let (x6,y6) (shown in Figure 11) be the coordlnates of the
position 12a to be forned after nodifying the error corresponding to the .
pattern 12. In this case, the following relationships are established: x6

= x4 - (L' - L)/ ( 4 [err Hd tic
operatlon when f%%*ﬁiﬁ#%gtr&?% ﬁfﬁ ﬁ% (igé%ﬁ gb g yg? qﬁ3 escri bed..
The third hwoerdihatepralitiesl pos bt ien laadtecbenfngmedb@ﬁW@éh t he obverse
and revers t t et BLigehel 213 its, spaced
a di stanceeﬁmq{ waiﬁfé) heerié ov%%%n??gﬁggﬁgogf’ ?gﬁ ?laa The th| rd hoI e- 13
is so 15 ks t¢ased thetfolmmgmrehatmngbﬂeswm egtablighedy s
per pendi cul ar- to ane which connects the positions 11la, 12a. \Wen

calcul &ing central coordinates (x7, ' he third hoIe 13, as shown- |n
Fi gure 13 t he foIJ % ng (@ rﬁp@ sjjl.psa&)e gl ven -"-,, (4) '

48 = vt - a(L' -1/ -..<-5_?_. -

R _,.-

Next, an-arithmetic:operationywnenzforming“atthird.
hole 13 (Figure 13) will be- described'° The third hole
13 is prov1ded in'order to- dlscrlmlnate between the : T;J
obverse and reverse of the board In thls embodlment
the third hole 13 is spaced a- dlstance ‘M away from the
above—mentloned p031tlon i2a.: -The thlrd hole 13 is so
15 positioned that’ a. line which connects p051tlons lZa, 13 1s :

perpendicular to one whlch connects the pos;tlons 1la,

10

When calculating central;coordinates-(k7, y7) of
the third hole 13, as shown in Figure 13, the following

20 relationships are given:-
x7 - 36 =Mxsin® e
g7 - y6 = M x cos 8
25 S
when
tan 6 = 2 B
=1/ .1+a2._.

cos ©

20 o sin © = a / 1 + a2 | |
| | x7 =x6+Hxa/( A 1+ ) _' . (®)

e+ M/ (J 1+ ) o e (D

y1



X7 - X6 = Mx sin [err] y7 - y6 = Mx,cos [err] 25 when tan [err] = a cos

[err] = [err] sin[err] =a/ [efr] X7 =x6 + Mx a/ [err] y7 =y6 + M/
[err] ... (7)) 186 or x7 = x4 - {1/( [err] {(L
- Ly / 2+ aM ... (6) y7 =y4 - {1/( [err] {a(L' - L)/2 - M ... (7)" 5

These arithnetic operations are executed by the arithnmetic circuit 71.
Therefore, the spacing L' between the patterns 11, 12 is obtained fromthe
formula (1). The coordinates (x5, t he positions 1la, 12a to be .
forned are obtai n&d f= ard t-he{ /A0 qul laet (23)} (BIL* 10 L))/ agq 4B}, The(gyntral
coordi nates (x7, y7) of the hole: e formed is given in accordance
with the formul aeyT6r, yd7) {d/(6)'1 «a9')} The(Ios+ tLp2of Ehe [hird7hol e
is not limted to the exanple given above so that the calculation of the 15
hol e position can bé appropriately set. A perforation operation will now be
deséribed in conjunction with the flowhart of Figure 7. If the spacing p
between the two perforating neans is not yet known (step a), the standard

gauge K i S set 20 ,xﬁéestep b). The holes kl, k2 are inmaged_in the nmanner

descri bed above by t ﬁ%/ﬁ%£ﬁ9¥ﬁﬁiﬁ ORF YRt LpNE)aregpgxecuted by the

' arithmetic circuit 71. Therefore, the spacing L'

- between the patterns 11, 12 is obtained from the formula
(1). The coordinates (x5, y5) of the positions 1la, 12a
to be formed are obtained from the formulae (2), (3),
(4) and (5). The central coordinates (x7, y7) of the
hole 13 to be formed is given in accordance with the
formulae (6), (7), or (6)', (7)'.

The position of the third hole is not limited to
the example given above so that the calculation of the
15 hole position can be appropriately set.
o A perforation operation will now be described in
conjunction with the flowchart of Figure 7.
If the spacing p between the two perforating means
is not yet known (step a), the standard gauge K is set
20 (step b). The holes k1, k2 are imaged in the manner
described above by the TV cameras 4, 4B (step c). The
image processing device 5 detects the positions thereof
o (step d). The inter-camera spacing p is calculated in
/ the above-mentioned manner by the arithmetic circuit 71
25 (step e). - '
On the other hand, when the inter-perforating
means spacing p is known (step a) or when the steps (b)
=~ (e) are finished the CPU 7 transmits the inter-
perforating-hole spacing L to the two perforating means
30 A, B. The perforating means A, B move to the
perforating positions, i.e. to positions such that the

10



| mage processing device 5 detects the positions thereof (step d). The

I nter-camera spacing p is calcul ated igﬂthe above- nenti oned nmanner by the
arithmetic circuit 71 25  (step e). t he ot her hand, when the
inter-perforating means spacing p i s known (step a) or when the steps (b) <

~ (e) are f'”Tﬁ“?QmEQEsCEU thgggggbtioagel fiH& td§g¢ eLspaC|ng L
-to the two oratin an oratin an , B nmove .
to the perfgﬁﬁ??ng)possppéﬁﬂueptéY:tGhSDQQﬁﬂﬂﬁﬁﬁiﬁglW¢ﬂ§e¥%e61 17 TV

caneras 4, é_bebeserreee%g%be%% Wot Brehens pasidiad. 4 Stap @teﬁuh;eqzenz Ey,
re.se [ as

t he perfor ng_nenb posite to the T,
(step h). ?%%ggep89ﬁgﬁdﬂ§saF§etﬁ |&Pﬁ&%éimﬁﬂ§ﬁ % hehg %erforatlng
means A, B.péefbrathagpmeahedagi Bcuit board' 1l to be perforated Is set in

position (step i) #g %Eg % +TRANASL dﬁitigdggd ftg%rggg%§§f8¥%@é&erns

11, 12 for |dent| oratln p05|t|ons are’ 1 na canerastfh
(step ja. Ihesehage ppseesghnésﬁepl <inethe;aame;mnnmeh @%3|t|ons

(step k). ﬁoééscghées}efar@ﬁha' Fa%tt@fﬁs tﬂie g thFtid“éntff&inglthe

cal cul ates the oratin ositions 11 12a (step m, whefein the error
i s hal ved aR%IrE‘BF?‘éé{@dPWiﬁéoﬁér Fé‘PaP-F‘ﬁ@%rhYertsh%lca“Eﬂ@%f FHRPt wo

perforatingjypanend iRageepsBcbbedngodehaze merdéﬁe%iﬂsﬂg:m@ato@ﬁnunder the
control of %ﬂp ? At the sg nme Ies are formed 15
(step q). Vﬂ%ﬁlFﬁpﬂ?ngsFﬁB Rﬁlrd ﬁoﬁ@sﬁﬁﬁgéigin{3ﬁ¥qg$2F ?ﬁlrd '
perforatlngapnshmeamcmbnchuheve1beaucu1ates the perforating .
10 pOSitions 1la, 12a (step m), wherein the error is halved
and corrected The perforating members 61, 61B of the 7
two perforating means A, B are. shifted to these
perforating. pOSitions under the control of the CPU 7
(step n). At the_same:moment _two_holes”are formed
15 (step q). B | R
_ When' forming the third hole (step r), the data of
the third perforating pOSltlon which have been,;_
g calculated by the arithmetic circuit 71 (step m) and
stored in the memory c1rcuit 72 are. accessed by the CPU
20 7. The perforating member 61 or GlB is shifted to the:
third perforating pos1tion under the control of the CPU
7 (step s), and: perforating is then effected (step t).
The perforating members 61, _GlB_return to poSitions .
fac1ng the cameras 4 4B Note that. if. perforating of _ -%;J
25 the third hole is not performed the. perforating members
61, 61B immediately return to the positions opposite to
the cameras 4, 4B (step u) Subsequent to this step,
the perforating operation is- terminated and the printed
_ circuit board 1 is taken out- (step v) : :
30 When perforating is continuously effected (step
| w), the subsequent printed circuit. boards are set (step



calculated by the arithmetic circuit 71 (step nm) and stored in the nenory
circuit 72 are accessed by the CPU 20 7. The perforating nenber 61 or 61B
is shifted to the third perforating positil® under the control of the. CPU 7
(step s), and perforating is then effected (step t). The perforating
menbers 61, 61B.return to positions facing the caneras 4, 4B. Note that

i f. perforatlngléi 2The oppsathions ﬁeBGﬁibeﬂbﬁhmﬂq(iﬂﬂﬂf%RR?%ﬁﬁforat|ng
menbers 61, 6%&:@3&%%@' koh@EUED Bf e raeasgtt hHEh GRPPHird® éhecesderas
4, 4B (step u) Subsequént to this step, the perforating operation is
terninated, anBORRE EPlPFeHe€fP§§t?dbé§r&efq s taken out ( step v). 30

When perforating i s gaat epbedshEnef Hé%b&dﬂeﬁ eibove ztdnmammlmt print ed

circuit. boards are eratl S bove are
repeat ed. Perf3PBRFR uﬁoﬁﬁ wﬁécgn%éﬁd @ﬁbﬁﬂ%?%ﬁﬁa %Uit board to
be \ger f or at ed undéestdeThandnhhdluppbrdsﬁﬂeluameﬁamneaaﬂw355¢h© an
apparatus in r %WFB hes Upper
sPSe canersh rggggggég?ﬁghgghaég ??Lghg %E% he paiéiégh t s 00

arranfenent
i s not, howevenot)i howewere fhmitedakpl &. lﬁh@mmmPkQXﬁﬂRﬂQ¥ ¥ €is

that ‘the Iight ai:&ahgfah‘éﬁfte.d;sbhhleetﬁé' LT fsclfetflla@c’éa wpciée apparatus

recei ves a reflecte Mbr eover, tHhe, ﬁ rforating

nmenber i s not PFinted Féréuéﬁlbpaﬁgb and theoaRParatiit FeRei¥R® 1% ke. There
are al so no reggflekt8asS il bhehgagofn mhlch the perforating nmenbers are

et oct néiﬁhé’e{&é’r?Lhe%saxsrpapﬁéfﬁé% Grating’ nenber I¥ Aok fifbéed to
a drill but may involve a punch or the like. There are
also no restrictions on the way in which the perforating
members are driven.
The perforating method described above comprises
the steps of detecting the two reference patterns for
15 identifying the perforating positions formed on the
' printed circuit board, calculating the spacing
therebetween, calculating an error between this spacing
and the predetermined spacing, calculating the
perforating positions by halving this error and forming
20 the two holes simultaneously. Therefore, even if a
slight error is produced between the pattern positions,
a correction therefor is automatically effected. No
defective product is therefore manufactured. The two
N holes are formed simultaneously, whereby the working time
25 can be reduced.

The perforating apparatus described above is
capable of simultaneously detecting the two patterns and
effécting the perforations thereof by use of the pair of
perforating means. Perforating can be accurately

30 quickly carried out. The pair of perforating means are
relatively movable and are therefore adaptable to



15 identifying the perforating positions forned on the printed circuit
board, cal culating the spacing therebeé en, “calculating an error between
this spacing and the preéedeterm ned spacing, calculating the perforatlng
positions by halving this error and forming 20 -  the two hol es

si mul t aneo f ep ski ek between the
patter n postty oEa Ehd BElnt BB reude] boflos il IGHLEELy Datveeh he
defective pFH¥®Rt is therefore nanufactured ~The two holes are forned

si nmul t aneously, whereby the working tine 25 “can be reduced. The
perforating apparatus described above is capable of - si mul t aneousl y
detecting the two patterns and effecting the perforations thereof by use . of
the pair of perforating means. Perforating can be accurately 30 qui ckly

carried out. The pair of perforating means are relatively novable and are=_.

therefore adaptable to 19. perforating printed circuit boards having a j&!
variety_of sizes. 5 10 15 20-25 30 CLAI M5 1. A net hod of nachlnlng or
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p05|t|ons conprising forning reference patterns fort |déntPfy|ng th@ sd
positions; imaging said patterns $o as to produce inmage signals; enploying
said imge signals to detect the respective pattern positions of said
patt-erns; calculating the inter-pattern spacing between said patterns in
accordance with the result of the detection of the said pattern positions;
cal cul ating. any error between the spacing of the desiTed posttions—anrd—the
inter pattern spacing of the said patterns; calculatl ch of the desired
positions fromthe inter-pattern spaci ng 2fen the posi iugi MMI ﬂﬂl t he
reference patterns has been corrected by noving it thr qua
to half the said error; and enploying the |ast-nentioned calculatlon to

machi ne or ot herw se treat the member at the desired positions. 2. A
method as clainmed in claim1 in which {GeABMSer is a printed circuit board
whih is to be formed with holes at the said desired positions. 3. A

nmethod as claimed in claiml or 2 in which the said imaging is effected by
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reference t@etddl theFSPEBHv g&n said pgﬂaerﬁ ttefgChi ni ng
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machi ning or other treatnent at the desired positions, the devices belng

novebl e r el patterepositionst mlcmmigrang efforbetweenathié Seacifipoorthé desited positibns ARGES

of reference patterns which hav een provi dedon a gauge; inmage processing

means for dbeénter patterm spaving of the saidfpatteins; caltulatimgseach of the devired positiohs | mage

signal s produced by the inaging neans; an arithnetic circuit for

cal cul at i ngfremdhe inten-pastern mmgouhemtjpewmeamoﬁeaoh ofdhe mfemncenpatems hasnce

with the result of the detection of said pattern positions and
been by moving it through a distance equal to half the said error; and.

employing the last-mentioned calculation to machine or otherwise treat the member at the
desired positions. |

2. A method as claimed in claim 1 in wi!ich the member is a printed circuit board
which is to be formed with holes at the said desired positions. |

3. A method as claimed in claim 1 or 2 in which the said imaging is effected by TV
4, A method as claimed in any preceding claim in which the last-mentioned
calculation is effected by machining members movable relatlvely to the member in XY
directions.

5. A method as claimed in any preceding claim in which the reference patterns are
constituted by holes in a gauge.

6. A method of machining or otherwise treating a member at at least two desired
positions substantially as hereinbefore described with reference to the accompanying
drawings.
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for correcting any error in the inter-pattern spaC|ng by novi ng each of .the
devices by a distance equal to half said error; and a control circuit, _
controlled by the arithnetic circuit, for rel atTvel y positioning the menber
- mounting nmeans and the said two devices, "and for ion of the
~latter. 8 - Apparatus as clained in claim 7 in E"mm“ M'It mme deV| ces’
is a perforating nmeans. 9. = Apparatus as clained g c anm OF i n which
t he i magi ng nmeans conprise TV caneras. Apparatus as cl ai ned in any of
claims 7-9 in which the nenber nountin rreans is fixed and at | east one of

the devices i's novable relatively thereto in XY directions. 11. = Apparatus
for machining or otherwise treating a nenber at at |east two desired
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| east two reference pa tern i'dentifying perforating positions formed.

bef or ehagffegtingSih daid' mikhiting of @)ﬂiei' tRamicht af MigRiekived Positiénss H@aev@éesftieﬂ@l ng

said two reference patterns-of said printed circuit board by use o
caner as; nibvabletrelagivelyp el moanmmlmmﬁg@nﬂanmefomgymges ofige

processi ng -devi ce on the basi s’ of i mage S|gnals obt ai ned when said TV
caner as eéferente palmg-nmgfluohdimibaen p , gauges t image procedsipg means fori n -
accordance with the result” of detectlon of said pattern positions; - .

cal cul at detgcting therpositions o€ said pattems in a@erdanpewnhgme signglspraduceddrycibie

bef orehand and an inter tgatter n spaC| cal cuI ated; calculating perforati ng
posi t i ondmAgiAgmeans; ancarithmetic girewik for-calc 4 ewter-m spasing,between| ved,
corrected, y sai d halve
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- _. and for effectmg opetauon of the latter

8. Apparatus as claimed in claim 7 in whlch each of the devices is a perforatmg

9. Apparatus as clalmed in cla1m 7or8in whlch the imaging means compnse TV
camems. |

10. Appatatus as clalmed in any of clalms 7-9 in which the member mounting means. -
is ﬁxed and at least one. of- the devices i is movable relatlvely thereto in XY d1rect10ns

11 Apparatus for machmmg or othemse treatmg a member atat least two. desued
posmons substantially as herembefore described with reference to and as shown in the

accompanying d_.rawms.S- o



di sposed opposite to said perforating menber with sai i-prifted circuit
board between said TV caneras bei'ng capabl e of inmagi ng sai

i mage processing device for detecting positions of said Hﬂ\EWB“\Hﬂ\“ﬂ“\
accordance with image signal s obtained when said TV cane Ctn | Fagfng;
an-arithnetic circuit for calculating an inter-pattern spacing in
accordance with the result of detection @2 said pattern positions and an:
error between an inter-perforating-hole spacing and said inter-pattern

spacing and cal cul ating perforating positions fromsaid patterns, which
are, after halving said error, corrected by said hal ved val ues; and a

per f or at i nd2¢ontA arethod foriperforatinga pringed circiiibboard byta pair afpérforating meansy
perforating positions bly sai d XYtabl es and _causi ng sai d_perforating nenbers
t goper f or ato®. the basis of at Ieast two reference patterns for iden g perforating positions formed

= beforehand on said printed circuit board, comprising the steps of: imaging said two
reference patterns of said printed circuit board by use of TV cameras; detecting
respective positions of said patterns by an image processing device on the basis of image
signals obtained when said TV cameras effect imaging; calculating a spacing between
said patterns in accordance with the result of detection of said pattern positions;
calculating an error between an inter-perforating hole spacing stored beforehand and an
s inter-pattern spacing calculated; calculating perforating positions from said patterns

' which are, after said error has been halved, corrected by said halved values; and moving
perforating members which are disposed on an XY table provided in each of said
perforating means to said perforating positions, and causing said perforating members to
perforate.

13. A perforating apparatus for perfomﬁﬂg a printed circuit board on the basis of at
least two reference patterns for identifying perforating positions formed beforehand on
said printed circuit board, comprising a pair of perforating means being relatively
movable and having perforating members provided on XY tables and TV cameras
disposed opposite to said perforating member with said printed circuit board between
said TV cameras being capable of imaging said patterns; an image processing device for
detecting positions of said patterns in accordance with image signals obtained when said
TV cameras effect imaging; an arithmetic circuit for calculating an inter-pattern spacing
in accordance with the result of detection of said pattern positions and an error between
an inter-perforating-hole spacing and said inter-pattern spacing and calculating
perforating positions from said patterns, which are, after halving said error, corrected by-
said halved values; and a perforating.contml circuit for moving said perforating members
to said perforating positions by said XYtables and causing said perforating members to

perforate.




