Description Method and apparatus for gauging a _device fQr..producing
-electrical assenblies 5 The invention re S N {f or gauging a
. device f SR 97 r?rd‘d?tft? ng el ectricalf ?HS S%HEE&EH?EW articularly for
fitting conponents to printed circuit boards.o bas+s—lof coordi nat es,
the device Hmsurifitiarsed to fit plate-like enulations of the conponents to
a test board of the printed circuit board type at defined nounting
points. Previously, it was customary for the test board used to be a glass
plate, sim IMathas sangdispparatugufer 15aupbhgde dREEFAgLeEnPEPHNgiRGr ks in
its corner regions;-Jhe;siagsilate, provided with a doubl e-si ded adhesive
film is placed into the device designed as a fitting machine, for exanple,
and then>t he position of the centering marks is determned using a
spatially 20 resol vrig mvéﬁeﬂoﬁlf@yate@oadsdacmgeraadonokhgaﬁi;&hbng
machi ne. | ati ons o% conmponents are then.f ted (5510 t he teg%) board at
poi nt's deflnﬁfﬁiﬁallv °F o t hBTRBHEEPPng nﬁ}ﬁg TLRRY  sub&8STERE 1Rt hod
step, the pogrittad £5ly gFass fipltang dampqgrieadtesd té npoinbad eptricoalt

measuring megling Ihe lasgabali e B8YEqHRI LS THKE S MOSBeing

10 used to fit plate-like emulations of the components to

a test board of the printed circuit board type at
defined mounting points.
Previously, it was customary for the test board
used to be a glass plate, similar to a printed circuit
15 board, having centering marks in its corner regions.
The glass plate, provided with a double-sided adhesive
film, is placed into the device designed as a fitting
machine, for example, and then the position of the
centering marks is determined wusing a spatially
20 resolving printed circuit board camera on the fitting
machine. Emulations of components are then fitted to
the test board at points defined relative to the
centering marks.
In a subsequent method step, the populated
25 glass plate 1is placed into an optical measuring
machine. The glass laminae have defined markers whose
position is determined relative to the centering marks
on the glass plate in the measuring machine. Any
divergences in position from the desired ideal position
30 are used to determine correction values in the
coordinate directions and for the rotary position, said
correction values being input as correction parameters
into the fitting machine, which takes these divergences
into account when subsequently fitting components to
35 printed circuit boards. '
The invention is based on the object of making
it easier to determine the correction parameters, and
of speeding up this determination.
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position is determned relative to the cent ETHIBQSHEE'TH-‘P h$ gl ass plate
in the neasu%%n%bnﬁciuégg Any divergencgs _iln pospgﬁ, he desired

-ideal positi used to deterfine ﬁ“'rﬂr les in the
coordinate directions and for the rotary position, said correctlon val ues
bei ng input as correBridn quieatet éss aehbeved fhyttlthg nienemelomhiash t akes
these divergengefed iR ac5OMEt 1WhgnNgsubsequently fitting conmponents to 35
printed circuit boards. In addition, US-A-5 537 204 discloses
calibration nethod i vﬁ?%ﬁe%‘&ﬁ%t%rf@?s th}§ anked §HR% hdh&enti&cad the

errulkat i ons, ref@ﬁellhtbié #2985 péaéepflra@ewbéﬁqw&t I Ve@@mdlﬂ:{a&di V\kih%@%}(
mar Ker s nt a on an o | C al at or ne -

P veryencn. BEaBHePEL0oF bR et ARE e ok tanc Bt Ahi ettty ) at o
are enul at _edffas_ &xam;ptl@r esusimig aphoczoﬂ:pahecjrwphhccameﬁmdl ﬁ‘grrretrﬂears on
the emul at'oﬁugaiéﬁi ’Igg;fég%ots‘%lﬁ%er{% ng;LRELARIYI Al dSV'n?alvbln

addi tion scloses a neasuring device in both
the gl ass plaré &l vee 1ohemaxdsirerd arddpfovilia ®ixempPliene @d@r kfé?% whi ch

are _ emulations as defined structural features instead of

10 the marker. In such cases, it 1is advantageous to
replace the glass laminae with appropriate ceramic or
metal parts in which the edges are easily discernible.

The essential advantage of the method is that
the global position of the emulations with respect to

15 the global reference marks on the test board is now no
longer gauged, but instead only narrow sections are
taken into consideration and gauged. Such measuring
procedures do not require a high-precision measuring
machine. The short distances between the structural

20 features and the local markers make it possible, for
small measuring errors, to determine the divergences in
the position of the emulations using simple optical
instruments, for example.

Advantageous developments of the invention are

25 identified in the following claims:

The features of claim 2 enable the relative
position of the reference marks with respect to the
structural features of the emulations to be determined
in one go without having to move the sensor. Hence,

30 measuring inaccuracies now depend only on the quality
of the sensor optics. All other machine influences are
thus completely eliminated. The sensor, which is
designed as a CCD camera, for example, is connected to
evaluation electronics which calculate the relative

35 position of the structural features with respect to the

reference marks.

dThis Sheet Has Been Re 'p

Hll HIIIH [



directly adjacent to one another and whose di F"q@y aiqt. §% pe det erm ned

using a neas\y i ' cope. In additign, A 105, s%agad by the
- Techni sche Cﬁév@?s€1§§g€Xesden in-Augusg 1995‘in 1 en,..Gérmany, Prof.
Wohl rabe presented a neasuring systemin which the conparative narkers are
arranged very cl oselThe ogetvedopments@smschaimed dverdkgpimnd amettfiers The
di stance apaffeigo50 PRy At 4 Neclugeaakeie, Calb apReBbhn Ailtt oy sual

range of a spatlall reso ving sensor, e.g. f or m of
canera, at tWkth sa‘hﬁ‘ee th LatigRs ~ cHifbr &0 cAIf @@ugﬁﬁ/ed"lﬁft?u'ct hémY

i ndi vi dual d@&@iﬁla@akerrsarmlrmns Qfg.a asmaﬁ Qﬂéltp@ﬁiﬁ@d systremiwhi ch is
not very accuratg can ere eterm ne e relative osi.tion_of the two

25 rmarkérs PN r%@%%ﬁ? t3£6ﬁeeéﬁ8fﬁ€FeByt afRSIOE S| REGETEFROLASSh. The
rel ati ve posthée omeasuthegrefletende nmrkendd.h Thespest bbardt kan e uct ur al
features | ofeiifes oMbyl | Oo6ALube delel ghoed.ab st andstit! ddtane o <0
W thout havin I haCcuraci es now
depend only W@h@ (el | e omoviRe sewmsareai of Ahp omh@r e hisaane

i nfluences aggntpypicpnpletely elimnated. The CCD canera is connected to
eval uation el ectronics which cal cuyl ate the relative 35 position of the
structuf® features HFERr EBBePPSisioRe has been determined for all

the mounted emulations, the systematic divergences are

calculated in an evaluation device. This evaluation
device can be a program module, for example, which is
incorporated in the controller for the device and

15 transmits the calculated correction parameters, as
claimed in claim 4, for example, as constants without
further action by the machine control.

A particular advantage of such a method is that
such calibration procedures can be carried out, not

20 only with newly manufactured machines but also with
machines which are already in use, from time to time
without any particular difficulty and without other
auxiliary means, for example during maintenance
measures carried out on a rota basis. This means that

25 wear- or age-related <changes 1in the ©positioning
procedures, for example, can easily be checked and
corrected.

The high speed when gauging the markers makes
it possible to use a large number of emulations, as in

30 claim 5, so that an adequate number of measurements can
be carried out for statistical evaluation.

The development as claimed in claim 7 makes it
possible to determine the angular position of the
emulations by gauging, as in claim 8, for example, the

35 diagonally opposite corner regions, which are at a

sizable distance from one another.
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reference marks. 3 The invention is basedj i ﬁgwj—lﬁstBEEN‘l”aki ng it
easier to dectr,‘lgrgr,%_n? i?g correction pararneters, 5% ngeedi n up this
-det erm nat i of. hi's Bject i s achi évéd by|the i flﬁe‘r!nn as—cl aimed in
claiml. 5 A prerequisite for this is that the |ocal
reference marks are »$acdedrodulheotesthdodetenppneathiash Fégdmedf igccuracy.

Such accuracy1 £6R ke aghbev@d,udQir£XaFRbeurls! N HNQLRAN hoge anhy
met hods. For the emulations, it Is possible to dispense with a marker 10

and to use tPRCEGREr RECPEEGESS ot BRAMASECIENCEhAITHES at TBAS RS i ned
structural fepitramd nshepdial tHSLidRr k&in bbN oftithal TAS@Mjudtled,i S
advant ageous, to replace the glass |am nae with approprjate ceramc or
metal parts PRCIATEH tHEESRdgELS arPRET y alﬁesceervrﬁ%tﬂaetl.oe s the same 1
test board cdbstimgaishimy, deibethafidpelywdd fide wral atdferenceand be
auged wt - addit] . hand] | . using a printed circuit
goa?d carrer28%¥%ha@s{1‘?ﬁr%éggg%hggt%%éPgagf??tti ng head for the conponents
and whi ch can al so bBheseduiatrieeatasi nga2oedt ha ghdeamed Ocibeoidi tgdsshr ds i n

the fitting gpgbi €ty of shape, even at different temperatures. The
10 arrangement of the markers means that they are at the

same level as the reference marks, which prevents
parallax errors.

The development as claimed in claim 11 makes it
possible also to use opaque ceramic material for the

15 emulations instead of transparent material, the markers
then being arranged on the top.

The invention is explained in more detail below
with the aid of an exemplary embodiment illustrated in
the drawing, in which:

20 Figure 1 shows a plan view of a test board with
emulations of components mounted on it,

Figure 2 shows an enlarged detail from the test
board shown in Figure 1.

As shown in Figures 1 and 2, a test board 1

25 made of a glass plate has global centering marks 2 in
two diagonally opposite corners. In a fitting machine
for electrical components, emulations 3 of such
components are fitted to the test board 1 at defined
points, the centering marks 2 serving to center the

30 position of the emulations 3 in the fitting machine.
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This elimnates the errors occurring when th ™ Akt IS centered.
Theé test bo be.fitted with conpopent s\ ant The peidted dircuit board
-canera. canaélgegﬁoneegag?)y means of oné& “ang _t S controller.

After the position has been determi ned for all the nounted enul ations, the
systematic di ver gencBRe acdud@tdpngt e3l comprisealamallongdagsceamisiae

eval uation dgyige E8BhD&agePRINAPSTOAUL i TOF €32BRLEsnWALSh iins 3R
i ncorporated _in the controller for the device and transmts the cal cul ated

correcti on pata@eratly SBPEFALRedorRedSai M2, thete cRaiPFe, A8ecdmfttant s
wi thout furthgardactionidy previd@edi nei€wntIsdal A Refdidridar movant age of
such a mgchod ig.tgat 35, such cal i br%jcon rocedures can be carri eq__ out,
not only 3w t PPREWFY  "IHanUHER urRS M Mides BRECH Y with e HBREE whi ch
are already distamse, frémobhetmarkets 4tine w thout any particular

difficulty and w tpput ma?%ggfs 42uxld 13l enégrm%gg‘plje ey iélﬁ
mai Nt enance neasures carri e out on a rota basis. I'S eans that
wear - or ageclegeatedopRadgedhier tthatposhey ol hgipr eceg@nadnof drield

6 of a spatially resolving optical sensor attached to a
10 fitting head for the components. This fitting head can
be moved such that the sensor can be positioned over
all the marked corner regions.
The spatially resolving sensor is connected to
evaluation electronics which can determine the relative
15 position of the markers 4 with respect to the
respective reference mark 5 without the sensor having
to be moved to do so. A controller (not shown) for the
fitting device has an evaluation module which processes
the individual divergences of the markers 4 from the
20 reference marks 5 to produce correction parameters for
the machine. These correction parameters are
automatically adopted by the controller.
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exanpl e, can easily be checked and correct when gaugi ng

t he narkers(gﬁke;é% %ﬂ% sible to use a lLar QThUEMén:?A A_ilons as in 10
.claim 3, zuate nunber of Fedgur emeRERLACKR be carried out for
statistical evaluation. The invention is exptarmed—in nore detail bel ow

W th the ai Pafenth @kaimps$ ary enbodinent illustrated in the drawing, in

whi ch: 15 Figure 1 shows a plan view of a test board with

enmul ations of conponents nounted on it, Figure 2 shows an enlarged detai
from the test- board Ah&wtrhad FEgtr cdaugimg sirowdeVACEi giR®s PEOSWEIRng a t est

30ard 1|ﬁo éE@@tf&c@lg|aé§s@#§lfe??ftngEEECEQHEQ 'n9f6&rkff%ﬂq1d@M3

i agonal |y opposite corners. In a fittin chin ectrica
conponents, & ERrReRtHnSC Brinfged sﬁéﬁcegﬁpng?%ﬁcg’ aPB ftﬁ’(ec eBaBLSt R test
board 1 at d@cfwmmmm,t S thiehedeender bregnrgankse& ser vinyg tpd adetldike he 25
position of h hine., _Th 0 3
conpri se sna%ﬂg ass % g?iagfmg?%hgo éﬁ ag%ngér e?gsi gpﬁgﬁaﬁato%%
crosshairs |th%prnﬂngﬁﬂuﬂdywa®pﬁosbperdorhEPs. @ tdefSangrbi mosintting t est

board 1 is psovided whihobasdhoheld ange dRiXStPons (3) relative to

10 reference marks (5) on the test board (1) being

determined by an optical sensor using positionally
defined optical structural features (e.g. 4) of the
emulations (3), and divergences of the position of the
structural features (e.g. 4) from their ideal position
15 Dbeing wused to calculate at 1least one correction
parameter for a controller for the device for producing
the assemblies, characterized in that the reference
marks (5) are fitted locally to the mounting points of
the emulations (3), and in that the position of the
20 structural features (e.g. 4) is determined relative to
the local reference marks (5) assigned to each of them.
2. The method as claimed in claim 1, characterized
in that the distance between the reference marks (5)
and the optical structural features (e.g. 4) of the
25 mounted emulations (3) is shorter than the width of a
scanning field (6) of the spatially resolving sensor,
in that the sensor is moved gradually over the
reference marks (5) and the structural features (e.g.
4), in that the sensor takes pictures of these points,
30 each of these pictures containing both the reference
mark (5) and the structural feature (e.g. 4), and in
" that the relative position. of the respective structural
feature (e.g. 4) and the reference mark (5) with
respect to one another is determined by evaluating the

35 pictures taken.
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applied with high positional precision at TdHERTHARBEEN f om t he markers
4. The mar kegs 47a@d1§§? ref erence naLk§ 51a ngpi to one anot her that
.they fit in a scanning field 5 6 of a spatiLally fesel+ng—optical sensor
attached to fitting head for the conponents. This fitting head can be
moved such that the S&fisofeEBAdpedfosiGliddMed ovidt aft2iMe far REd or ner
regi ons. Theclspdditetyzé®@SOhVichgtS@heOrsdriscxONEech£at t 6f 1@ hee\dIviaid on

el ectronics ghich csn dete% I ne_the rilative. o] itios of dthe tﬁ&&kers 4
with respect®t BXOPREFds J&& iR Tei%r SAEEar PB W rhotitet i detor

havi ng to betm®veictords sve Avednatell| end( hbe shawertiion tpeeametieamg

devi ce has ev [ dul i pr 1 Ladi vi I
divergen%esag? tﬁéyﬁgggg?§04%fﬁg t%glre?gﬁgﬁgg ngyﬁgﬂgt%ggpro 3?é£
correction pafePeiatedforvitle WRehi MeviceThedor comasiidic® pgdeaneters
are automatigasdamadept ed by the controller. Patent clains 1. A
ot hod 0T FAUOLNG ydelecoa’ 0l BLOIHENYCLISE 5 on AN Y

in that the correction parameter determined by the

10 evaluation device is automatically transmitted to the
controller and is stored by the latter.
5. The method as claimed in claim 4, characterized
in that the test board (1) has a multiplicity of
emulations (3) fitted to it throughout at a short
15 distance apart, and in that the position of all the
emulations (3) is determined.
6. An apparatus for performing a method for
gauging a device for producing electrical assemblies,
particularly as claimed in one of the preceding claims,
20 the device being used to fit emulations (3) of the
components to a test board (1) of the printed circuit
board type at defined mounting points, the position of
the emulations (3) relative to reference marks (5) on
the test board (1) being determined by an optical
25 sensor using positionally defined optical structural
features (e.g. 4) of the emulations (3), and determined
divergences of the position of the structural features
(e.g. 4) from their ideal position being wused to
calculate at least one correction parameter for a
30 controller for the device for producing the assemblies,

characterized in that
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5 conponents to printed circuit boards on Tﬁ‘ésl%gé‘céﬁ ErJIi nates, the
he

devi ce bei ngzpisefl pords+ pl ate-1i ke eougatijons ( c onents to a
-test board (1) of the printed circuit board type at defined nounting

oi nt t he tjon of the emnul ations lative to 10 reference marks
P2} "on the 1588 bharal| 15 EeFRcact Brrihon () aRtBpt Foktodencsr  ditng

posi ti onal | ymeeit ivegl ppintal oft reinet Le*nailaftﬁa:tnﬁ es3) ein. tﬁ)e dfnriclid agreul at i ons
3 d di i L t 4
(b chei r 1 SEOATEET, FF ohRG BBELbaE " ButPEr 8L tEREhPer . 1B SRS one
correction pEhansoantedr anmmms er3or atk devitdat orher odisdiamget he
assenbl i ?S pde.L&f er epge QE%&‘@e(q@le b%{a&&sf'tmd I 9g@l | ¥nko thiﬁ‘: ynting

poi nts of the emulations (3), position of the structural features
(e.g. 4) 20 SHERGG &Rt efﬁ?ﬁéﬁeﬁel(ﬁt Hve 4t)o hethecRPUPELEr M aFRS (5)
assigned to e:a)chléf shidefe rt hﬂlaﬁh stiwacRibehwedn 4 hecaeh engneeenar ks)(5) and
the optical structural f ﬁi é\f%é % of the nounted enul ations (3)

bei ng short e? tfh h IR oth ]E)?S 3N %S?}feld (6) of the spatially 25
resol vi ng sehsor, thhhsensappmngs noveesl graciiiadddy ouer theaief er énce mar ks
(5) angthe, ﬁgf&gﬁ&g QLA URER (Sl edth JbCcRENABLALANLIGAIAY € Of

t hese p0|nts ese ictufes co rence ‘'mark (5)
and the strudt u@%ﬁl?b@‘t\%#er? egengy mank theé 13 fitted and assigned

to additional structural features (e.g. 4} of the

emulations (3), and in that these additional reference
marks (5) and structural features (e.g. 4) can be

15 detected by the sensor.

8. The apparatus as claimed in claim 6 or 7,
characterized in that the reference marks (5) are
arranged at the corners of the emulations (3) designed
as square plates.

20 9. The apparatus as claimed in claim 6, 7 or 8,
characterized in that the optical structural ‘features
(e.g. 4) of the emulations (3) are designed as markers
(4) similar to the reference marks (5).
i0. The apparatus as claimed in claim 8,

25 characterized in that the emulations (3) are made of
inorganic transparent material, particularly glass, and
in that the markers (4) are fitted on that side of the
emulations (3) which faces the test board (1).
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30 relative position of the respective structural (edp ﬁﬂ and the
reference naﬁ §%)pW iB,respect to one @nqther beijn §§HE§§§ %y

-eval uating the pictures taken. characteri‘zed in t at_ t hek - part of
t he device for producing the printed circuit boards, and in that t he

pi ctures arel%valuat%@eaﬁapﬁﬁétéérPécﬁﬂéﬁﬂﬁﬁ}aﬁbt%ﬁe P§ céaimgl £ deP using
an optical 1eyakhariaeredteviede iassokat edeWddtddndievingeks orspr aduci ng the

b Th | | aim 1, charact d
Chat Che corPEERPSRS pdRer  HBEEr rHAHS by iihe SUGAREAL | SAS dBART G

aut omati cal | gmbransonst ¢8)to the controller and is stored by the latter. 3.
The nethod as clainmed in claim?2, characterized 10 in that the test
board (1) has a multiplicity of emulations (3) fitted to it

t hroughout at a short distance apart, and in that the position of al

the emul ations (3) is determ ned.
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