; PQe3eA>R6T1429 Cctober 2003 - 1 Description Method of popul ating
substrates with conponents 5 The invention relaxes to a nethod of

popul ati ng substrates with conponents. When substrates, in particular
printed circuit boards, are being popul ated with conponemSctobdreopgnponent s
are 10 renoved fromfeed units with the ﬂjg of pick-and-place heads and are
positioned at a predefined position on the substrate by the pick-and-place
head. For a RE§RIpPERoaNd-pl ace performance (popul ated substrates per unit
time) the intention is for as many conponents as 15 possible to be

posi ti oned op Ee su strat?s per unit tinme. For this purpose, WO 98/37744
di scl oses an 8% 8FaPls PPEFLBEdAGCISHE SEFEEES ¢8It AR G®s which, in a
20 central region, has two closely adjacent, parallel linear |ongitudinal
gui des, i Leh [ C . oved _appropriately. These carri.ages have
transverég ggggorggv%gﬁgﬁﬁévgg%ggﬁﬁ%maga a%ﬂy’?%éhﬁ' ac%gotBQPu grin

pi ck- and- pl aéBPREEAS eS| Withi scomeasenttise result is two 25 separate
processi ng stations, which can be operated i ndependently of each other.
This permts E hi%h pi ckand-pl ace perforpance of the apparatus. For a stil
hi gher pi ck- SRE7pIPEEE &S matit eP2 381 St BFaBiTd NHieck - @hec pl ackodeadisces are
put togetherara gelihgepobmltshiesi case ddipshiddes entnautempbhénbickyandpl ace
devi ces ve_d] e uppl i es of. co ent types, and.can be desi gned
specialHgﬁfofg#%gggeggégiﬁ%ﬁ“ﬁo%%%%%nggggpégé fﬁéfd?ng?EEfaBEFBﬁﬁFFc

pi ck- and- pl akeags de\d cesei padiitsiwwskt hve aprhdedchedi fid<itigre basponse,

whi ch i ncl udeset heydumeedod & PhekiuBabhgigaaPananis trom he, feed
units, to transport themto the desired position on the subStrate dnd to
put the coanh%EfgnaaﬁhaGﬁ t ReT§0pBRPGEe. (FBPHLIRERPSt subetoateBerp2003 - |a
appr oxi mat i oonit hicsniel) Mec HeSPABERL L EnViigWerh ASak h%la\%l\?n%érﬂgo Ard hgs
autonatH% piCngQQi§|%§$ gevicestpf th sanerhype_ /th the aid of this
approxinatedp?lne r 8spohs ? §051 lone on t substrates per unit

time.

For this purpose, WO 98/37744 discloses an apparatus
for producing electrical subassemblies which, in a

20 central region, has two closely adjacent, parallel
linear longitudinal guides, in which carriages can be
moved appropriately. These carriages have transverse
supports cantilevered outward away from each other for
pick-and-place heads. In this case, the result is two

25 separate processihg stations, which can be operated
independently of each other. This permits a high pick-
and-place performance of the apparatus.

For a still higher pick-and-place performance,
30 automatic pick-and-place devices are put together in a
line. In this case, the different automatic pick-and-
place devices have different supplies of component
types, and can be designed specially for the respective
component types. The different automatic pick-and-place
35 devices in this «case have a characteristic time
response, which includes the time needed to pick up the
components from the feed units, to transport them to
the desired position on the substrate and to put the

components down on the substrate. To a first




29 Cctober 2003 pick-and-place programis prepared which optimzes the
pat hs of the pick-and-place head in such a way that as nmany conponents as
possi bl e can be placed in the shortest possible tinme. 5 However, this

equi pnment optim zation, as it is known, does not take i rggooaeserpuoat he rea
time response of the automatic pick-and-place devices. The result is the
wrong | oadi ng of the individual pick-andgpl.ace stations 10 in the line. In
addition, it_is Eossi%Le for Lntgﬁégptions whi ch canpnot be foreseen to
occur in t he®BPER*ARGTAPEce Hitre, " MicF S Y Tonpdntht“shi @R Faengame
restocked i nfgoodailnelor autcomadyor phtkhahdsplackeddberawise of andef ect,
a failed picksapd- e h or . entjd e . st.ati Q. cases, the
entire line Egﬁgs ?gﬁg'stgﬁggtiT$? é%?ﬁoﬁg gﬁ%% o%gpgfgﬁﬁgﬁzgs ?é&ﬁty. I t
is the obj ecES8P°PHAE& i Avention to increase the pickand-place performance
during the use of a plurality of pick-and-place stations. 20 According to
the invention, the object is achieved by a nethod having the features of
claim1. By neans of the nethod according to the invention, the 25

pi ck-and- pl ace programis nonitored during operation and, if bottl enecks
occur, an inproved pick-and-place programis used. The continuous tuning of
t he pi ck-andpl ace programto the real tinme response of the pickand-pl ace
heads both takes into account the real time 30 response of the machi ne and,
in the event of the occurrence of unforeseen faults, permts energency
operation of the line. In the enbodi nent of the nethod as clainmed in claim
2, 35 the pick-and-place programdeterm ned is checked again, in that the
time actually needed for the pick-and-place process is neasured. As a
result, a check is made to see whether the initially only theoretically
determ ned i nprovenent in performance is also actually achieved. 29

Oct ober 2003




- 2a In the event of a large deviation of the theoretical fromthe real
response of the pick-and-place heads, it is therefore possible to avoid the
situation where the objective of shortening the tinme nmeans that the latter
5 actually becones | onger and | onger. 29 Cct ober 2003 2 d&oBér 2003

advant ageous way according to the net hod as claimed in claim3, the real

ti me response of the pickand-place statifons is conpared with the
theoretical | yipkedetitpedcandebgrbfn tite pesbatédEwhespORER: 18 esnd from

the theoretisalnlige teapnse. Jhen and nproyed, program s determ ned.

taki ng into account ther €sponse,

pi ck- and- pl aB&"Pr oeeBRRBENYH TEh% rmm)?ebhﬁy ben enpt oyelhdet h, imccondi ng to
claim4, forsputosati gopsekrandiplace devices in which at least two _

pi ck- and5pl ace stations are provided and also,, as clainmed in claimb5, in
lines in“which a plurality of automatic pick-and-place devices are erected
one after 15Hcavm©v®3r thnsoraj:gngmmrcmecpwﬁnﬁhtgaﬂpowt§tga\ée }%}e&n? |and
by whi ch nac oV, n a eo accordin o claim
fgr an itemo Pgr%m%?%é; ékﬁ?e%atl n%‘% Hf, e@ﬂpoﬁelﬁ?srﬁlsg 83%at°t he
respective p‘i}éek anEoprhée Biakrend-pbape §Eanedson’l‘mreerasbﬁrtratse the

Di spl ayi ng &ﬂrérﬁ@”l@&diﬂ%o?ﬁg%h@%%gégggﬁggr ?:%Q:r]q- g%%‘%g d 1 o%&aérnl Se
a |

dvant res. t
?r\é%nrggggﬂlslp’}p/ giﬁeedlh‘?ﬁts aPe eﬁ%qlrﬁﬂ'erreﬁf:ed lsl'hePPﬁ\’;"éhtlieon %11 be

expl ai ned i nimozerdet achs U\Shnght benaxenplarfo eadosh meat §cbl.1|rU$.tnr atied in the
suc:hFlaqure 1 shows mati.c plan view

figures of 1€
of ga line c}?rlp%]?s?ﬂﬁ r%ee ggf]ohatl ¢ i Tk- AnE-PIEEE l"gev‘i"}cl,l‘a%heé[(?h Hlvi ng two
pi ck- and- pl a%@%@%ﬁ@nsn IDOF gumee 20shewscdrhee ycont wbichobps ffari Idwe

arrangenment Recoidh ngeto Eiguee, 1oangd; Thaupe (3-shews 3 st rugtyurgl di agram
f or the | ow of . t he nethod
entire station. In these cases, the entire line comes

to a standstill, although only one station is faulty.
It is the object of the invention to increase the pick-
and-place performance during the use of a plurality of
pick-and-place stations.

20
According to the invention, the object is achieved by a

method having the features of claim 1.

By means of the method according to the invention, the
25 pick-and-place program is monitored during operation
and, if bottlenecks occur, an improved pick-and-place
program is used. The continuous tuning of the pick-and-
place program to the real time response of the pick-
and-place heads both takes into account the real time
30 response o©of the machine and, in _ the event of the
occurrence of unforeseen faults, permits emergency

operation of the line.

In the embodiment of the method as claimed in claim 2,
35 the pick-and-place program determined is checked again,
in that the time actually needed for the pick-and-place
process is measured. As a result, a check is made to

see whether the initially only theoretically determined

improvement in performance is also actually achieved.




29 October 2003 - 3a Figure 1 illustrates, in schematic form a plan view
of a line conprising three autonmatic pick-and-place devices 1, 7, 8, the

i ndi vi dual automatic pick-andpl ace devices 1, 7, 8 each having two

pi ck-and-place 5 stations 6, 17. The way in which the auoop&bbér 2003

pi ckand- pl ace devices |, 7, 8 function 29 COctober 2003 - 4 wll in this
case be illustrated by way of exanple-udfng the first automatic

pi ck- and- pl ace dmc? cievénﬁg dthea ex%&q&e_dééiatﬂm way drbe V\’BBEE;EB%E?ALt hﬁr
aut omati c pi gk-and-pl ace .devi ces functi car.r esponds to this. wth the
aid of the f??g é&%oﬁﬁ%%:Eﬁ%ﬁe%%%p?gcggﬁeﬂ%f 12N RAASS 28299, A
particul ar alpricheee foirecyds Siddrad, t sapopdl ahed suithta ttiemponests 8heFor

t hi s purpose Lek-ang- omaaonent.s 3.froma feed
i e e N IR L A1 L
substrate 2 %ﬁauﬁﬁ§¥n58ﬁﬁm?ﬁeleéﬁﬁénéﬁ?slS“Eﬁrthe predefined position on
the substrate 2. The pick-and-place head 4 illustrated in F figure 1 by way
of exanple is a turret head, as it is known, which has along its periphery
a nunber of 15 suction pipettes 15 which hold the conponents 3 on the

pi ck- and- pl ace head 4 by neans of a vacuum In order to nove the

pi ck-and-pl ace head 4 parallel to the surface of the substrate 2, in this
case provision 20 is made for a first rail 11, on which a first slide 12
noves, and a second rail 13 which is fixed to the first slide 12 and on

whi ch a second slide 14 noves. Connected to the second slide 14 is the

pi ck-and-pl ace head 4, which can therefore reach any position on the 25
substrate 2 and the positions of the feed units 5. This region, which can
be reached by the pick-and-place head 4, is referred to below as the first
pi ck-and- pl ace station 6. 30 The novenent of the pick-and-place head 4 is
controlled by a first control unit 16. Al so provided on the first automatic
pi ck- and- pl ace device 1 is a second pick-andplace station 17 with exactly
the sane construction, in order that two substrates 2 can be processed in
35 parallel. Inthis case, it is possible both for two substrates 2 to be
popul ated identically, in order subsequently to be transported onward, but
provision is also nade for the substrates 2 to pass through both

pi ck-and- pl ace stations 6, 17 and, in the process, to




29 Cctober 2003 4a be populated with conponents 3 which are generally
different. After the first automatic pick-and-place device | has been used
to place a certain range of conponents, for exanple in a first popul ated
substrate 5 region 20, the substrate 2 is transported omwabsob& 3008 rrght
by a transport device 10 to the second automatic 29 Cctober 2003 -

pi ck-and-pl ace device 7. Provided there.is a further pick-and-place
station, in which, for exanple, a second Substrate region 21 is then
populated THe s%%cwﬁﬁ%ﬁﬁ?ﬁﬁﬁQQ§rmWﬂy apd¢cpiraegdeviocetiei smeohbdol ked by a

5 second contI®imedi tn28ralﬂnn3ad€htel QBa1a thiRjs d OQJE? e P ¢ bl ace
devi ce 8 havi ing_a th|r (%ntrol uni t 2?? |sl| ea#; C?un%}?%( |%g in a

cor r espondi iy way~ 2 The S é‘torléonlt?ofzoﬂ‘ﬁlatre% w-‘t‘h}e §becortheone Fotalhyt 22
and the thi reredmf inédumicde23 are Ct(mﬂecégﬂj e | rBEpAAseONi&P] s 1Lt 24.

O cours f er.,aut o ace devi ces can be provided in the
line. | ngaddﬁ%rgnth%ut o%%%tg{:% I533 g8vFces &N aPso“b%er%@r ded

whi ch, for &&EprED dcﬁrpﬂie;‘f;ermp-ns‘}tﬂeadt@hm@e trtra etaclaeadtt other real

pi ck- and- pl aﬁ‘i&ndﬂeﬁé|§p&94‘35§hr ahar iexangie, £45 baye Quly 0 SUC i Oia‘aerg' pette
15. In this case £ gure 1 illustrates automatic pick- Tces 1,
€

7, 8 which &am oép e sinmultaneously on two adj acently arranged transport
devi ces 10, as a result of which as many substrates 2 as possi bl e can be

process 2 i ously t th m space r.equi rerrent In
addi t i o%g t%ﬁp%*%??nﬁ eg%:f:é”onbﬂtg3 Osletrgnqmp K- ANGBFEERINERD 451 ekt ended

as far as th‘f-?rsuab‘é't@a%'élg pigkirehdirpleoeatded iares hien sehoBH taranspost

device. As awd pesulhndtpeapbChkand-dyLace i le,tg popul ate the
substrate 2' Iocaeéﬁd therg \?\nth conmpaonent sr$ %%"i‘l’ﬁéjsef’a dndew &85 %%ni | e

the further FiTRShdipl &¢& Heaty 410 digieski by wpicdnponphtsafiom tChﬁe

further feediutemactes: Spickrahdit sl gasedethecrethad @E@@EQanQnteo d
|nvent|§§ %r deter m ning the pick-and-place stations can be appli dtothe
two pick- pl ace stations of the pick-and-place head 4 and the further

pi ck-andpl ace head 4'. 35 Figure 2 shows the control |oops of the

arrangement 1acCcorglinNge 40 gbgpre, I he first control unit 16,
the second control un|t 5 h%ght %Or acfsolh%nl 71330 egcciﬁ “REvEYa

control | er 3G1cs3, Bch anéont rRﬂCI‘e?cFlSCe’btl eﬁ 3ladGntaFeamsll an alsster,ver 32,
35, 38. according to claim 6, for an item of information

20 relating to the components placed at the respective
pick-and-place stations to be stored on the substrate.

Displaying an item of information to an operator,
according to claim 8, advantageously ensures that
25 improvements in performance which arise from

re-equipping feed units are also implemented.

The invention will be explained in more detail using
the exemplary embodiments illustrated in the figures of
30 the drawing, in which:

Figure 1 shows a schematic plan view of a line
comprising three automatic pick-and-place devices each
having two pick-and-place stations,

35 Figure 2 shows the control loops for the arrangement
according to Figure 1 and

Figure 3 shows a structural diagram for the flow of the
method.




29 Cctober 2003 - Sa If, then, for exanple, the observer 32 of the first
control unit determ nes that the two pick-and-place stations 6, 17 are

| oaded to different extents, 29 COctober 2003 - 6 then the controller 30
of the first control unit wll ensure that an appropriat® gkepal 2003 out put
to the controlled section 31. This signal conprises a changed

pi ck-and- pl ace program which assigns-tBa conponents to 5 be fitted and the
pi ck- and- pl a t 10 Qg Anot.her jre_line performance, an
obser ver belgﬁgﬁﬁg &oq?ﬁggﬁLnee%%nfﬁglsiwﬁﬁa%%gi§Q%$bv?d€3?nmﬁﬁgﬁ ggrwards
i ts infornat Pon 1072 cERMPEILSENI39 Berengi myttamatte | | péckonndeblanit . The
effect of thhevi@egoniyolder 839 tBet hiatdan dulr owed JHak-ands phagg 4or ogr am
is used, in Ehg%etmigrgcgnﬁtiop f on1th observer 40 belonging to the line
control unitthas been taken 7nto alcAfft® #8VFRE rethoBis&cardrrgacs the

i nventi orP wi Branémnie @xplai ndtheusivay tihe wircict uhal aliagiam of pkegure 3.
Firstly, by Hshkbg: igal ti e of the automatic

pi ck- and- pl ace dgvﬁggsh%?g%EES?'a7fhggfggﬁggﬁ%nodel is prepared. If, then,
a substrate is to be 20 populated with a specific quantity of conmponents
froma specific conmponent range, then the individual conponents, the
conponent types and the individual positions at which the conponents are to
be placed on the substrate are processed, with the aid of the 25

t heoretical nodel, to form a pick-and-place program whi ch uses the

di fferent pick-and-place stations 6, 17 in as optinmum a manner as possible
in order to populate as nmany substrates 2 as possible in the shortest
possible tine. In this case, it is also predefined 30 which conponents 2
have to be kept in stock in the feed units 5 respectively assigned to the
automati c pi ckand-pl ace devices |, 7, 8. Wiile this programis being used,

t he pi ck-and-place 35 performance which is actually achieved i s neasured.
In general, the real time response of the automatic pickand-place devices
1, 7, 8 will deviate fromthe theoretical tine response. The deviations are
_determned with the aid of the observers 32, 35, 38, 40




29 Cctober 2003 - 6a and an adapted theoretical nodel of the line is
produced. This adapted theoretical nodel will then generally also lead to
an adapt ed pi ck-and-pl ace program in which the actual tinme response of the
5 individual automatic pick-and-place devices 1, 29 Ccionbebber093- 7a  be
taken over by a different automatic pick-and-place device. 8 Aaims 1. A
met hod for equi pping substrates with corzg:)onfantst t he net hﬁd colrrp(rjl Si ng t he
steps of: proy ng at | east two eqU|p in ocations, each including

pl uPaI ity gf ﬁi)gpd?fbnttQIWel PR Peliveryraset dhd areveqaifppenambead for
taki ng the phsiagi toheof fﬁegpormﬁrﬁcsna‘ﬁmr} phegdlah]gv@méc@mc{ie\fr%eP'l?ﬁ@ﬁﬁnt
onto a subst e; eati.ng eoretical nodel for era |ng

equi ppi ng heg 8g'gcer%¥rﬁem n%fg:n eqﬁlﬁrll ppi NG prﬁaraﬁﬁh&r‘f he RpEhehe

t heoreti cal %@@Watéénmmhﬂgﬂﬁa@p&)f delve cegui ﬁpnnglhead@méhpéﬂil@s

equi ppi ng pregr ant swhereby dhe progsam gkl 233565 SR NG 08@%0“5 and

conmponents to. be placed on a substrate at _the respectlve equr ppin
| ocat i ons; Qlje"f"l??f JEKICEN leqdi ppiaRf T3 TR %Iur LRg Par téquilpgi iy WD@’@%@
control | ed byitteiequoppingipr pgb@lkted with components 3. For this

purpose, a pick-and-place head 6 removes the components
3 from a feed unit 5, moves the components 3 into the
10 placement position above the substrate 2 and puts down
the components 3 in the predefined position on the
substrate 2. The pick-and-place head 4 illustrated in
Figure 1 by way of example is a turret head, as it is
known, which has along its periphery a number of
15 suction pipettes 15 which hold the components 3 on the
pick-and-place head 4 by means of a vacuum.

In order to move the pick-and-place head 4 parallel to
the surface of the substrate 2, in this case provision

20 is made for a first rail 11, on which a first slide 12
moves, and a second rail 13 which is fixed to the first
slide 12 and on which a second slide 14 moves.
Connected to the second slide 14 is the pick-and-place
head 4, which can therefore reach any position on the

25 substrate 2 and the positions of the feed units 5. This
region, which can be reached by the pick-and-place head
4, 1is referred to below as the first pick-and-place
station 6.

30 The movement of the pick-and-place head 4 is controlled
by a first control unit 16. Also provided on the first
automatic pick-and-place device 1 is a second pick-and-
place station 17 with exactly the same construction, in
order that two substrates 2 can be processed in

35 parallel. In this case, it is possible both for two
substrates 2 to be populated identically, in order
subsequently to be transported onward, but provision is
also made for the substrates 2 to pass through both

pick-and-place stations 6, 17 and, in the process, to




measuring an actual equipping time of the equi pping heads; adapting the
theoretical nodel on the basis of the neasured actual equipping tineg;
conparing the actual equipping tinme to a tine stored in the equi pping
program and calculating a tine difference tine between tdeosbesetos e and
t he actual equipping time; conparing the calculated tine difference to a
time span stored in the equipping progréd -deriving an updated equi ppi ng
program t hatbal | pemt Bst bet weieth t herg@indiiNg 3l ogaticnsaand goRpeRents to be

pl aced at the. ive uipping lecations, wherein the 29_Cct ober
2003 updat e %%ﬁ?g%ﬁ%g p%gg?5n1%§gnn ff?éd %%h&%ﬁ%ﬂctop%ﬁ%‘%%ﬁfﬁb?ﬁ@
program accod@lyhget d t hest iveenli isedente; rdrctessubsempiendiy eamigeol bEng t he
equi ppi ng PrOSRS fu er, t s.a r.di t o t.he, updat ed_equi ppi ng
program _2. The,ﬁ%%ﬁ%a'fEFQeéﬁ%%gﬁﬁ%a%ﬁbgtgg?Sg:ﬁéﬁﬁcﬁE%?tgu%fgfﬁ¥?,
further Conpf$&t®y tHe SPBPSUBFLTREF Rerl SufdaiSRy 1w upued et Toutpei ng
program accoriling bp &heradapbed tbeoretigaktonedel sed3onkhe RBihQd for

equi ppi ng substrates according to claiml, further conprising the steps of:
creating a theoretical nodel for a duration of individual work steps of the
equi ppi ng heads; determ ning the predeterm ned equi ppi ng programon the
basis of the theoretical nodel; identifying a read duration of the

i ndi vi dual work steps of the equi pping heads during neasurenent of the

equi pping tine; adapting the theoretical nodel on the basis of the
identified real duration; and




further updating the updated equi pping program according to the adapted
theoretical nodel. 4. The nmethod for equi pping substrates according to
claim1, wherein at |east two equipping |locations are provided in one
automati c equi pping unit. 5. The nmethod for equi ppi ng s@gs@aab@,sz(mcor_dl ng
to claiml, wherein the at |east two equipping locations are provided in
different automatic equi pping units arrapged in a processd! i ne'i |10. 291
Cct ober 2003 6..,[ efhod., f 2qui ppi ng . rates according to claiml,
wherei n i nf orpﬁrr,lrftklJ(;éfl;1 atiout thgggg?r%oﬁ@_nt g‘ég?é%ﬁ'y&?ﬁ%ece&satat &5 ecti ve
equi ppi ng | 0BG o P A ext i ahe Subsriahe. £9r Fhempeehod fercoequi pping
substrates acagydingd 0 xd@idgn 1.21wherei @h%%chpgglull%%re)a_umﬁel s allagated to
only one equiap ing l.ocati OE._ 8., The met hod for_equi ppi ng_ su?strat es
according to c\%ﬁ “£C { BrEREF EORPRFSi ME MR st epsS oFOngrepiag ey a
~informati bn fs@can operatolr ;uand eefi tthi ngidianpoenend stﬁgg%m g@ﬁoglglgli{gpl Ingb

| ocati on ontaq,; ther_ ipping |l ocati .Ln order. to enabl e the contro y
t he updat ed %&%ﬁt}ﬁ{] pg%éegefaam en ?h.}e“ggllgﬁl gy(e{gnirrﬂoo??}%‘f%% Fﬂﬂchfses a
probl em wi t h i6ne- AP IRE | ckrdtoening in a corresponding way. The
/ NAY/ NWYB/ NI /ENY@IN el £ 24 N LN/ NQPY T/ Y &L MO N ALNPD N /N5 4 NLE-" R\ gq
9 y> - o . .
ah+} xsni d_z] &fcafBaFda) CaTEEPLa] i cal’Ca] @aRcafentealed] ced cal caloa] ca] ca]
ca] ca] cal@a] cajcajcdajwd]cdcalan]calfsd ! | Fitr ti@y' yhESAEtTE=pl3x34344>4E4444
6} xsni d ca . . : . o
U%c’\a] c!a]X]ca] gé]a&f] S5Vés Ca]Ca cbaﬁ S TH T c%lf%aﬁzaf(:afeafég]%éf&a] ca] ca]
ca] ca] ca] ca] Ga[-CaREa]cc ab 1 BUETTEaDr @8 =deviee@OiC 418- 34304 pkE4S44vided

which, for example, comprise, instead of the turret
head, other pick-and-place heads which, for example,
15 have only one suction pipette 15. In this case, Figure
, 8
which can operate simultaneously on two adjacently

1 illustrates automatic pick-and-place devices 1, 7

arranged transport devices 10, as a result of which as
many substrates 2 as possible <can be processed

20 simultaneously with the minimum space requirement.

In addition, the populating region 6 of the pick-and-
place head 4 is extended as far as the substrate 27,
which is located on the second transport device. As a

25 result, the pick-and-place head 4 is able to populate
the substrate 2° located there with components from the
feed device 5° while the further pick-and-place head 4°
is picking up components from the further feed
devices 5. In this case, the method according to the

30 invention for determining the pick-and-place stations
can be applied to the two pick-and-place stations of
the pick-and-place head 4 and the further pick-and-
place head 4°.

35 Figure 2 shows the control loops of the arrangement
according to Figure 1. In this case, the first control

unit 16, the second control unit 22 and the third
control unit 23 each have a controller 30, 33, 36, a
‘controlled section 31, 34, 37 and an observer 32, 35, 38.




6} xsni d ca

U%c’\a] c!a]X]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca"ReCl L

'(':i]O%-]5~5]&' (%- ! % 10!%55]&' ()-S10%& ()-'10%& ()-S109%& () - ugYQ&taMdoB:\g\AUB! -

"109%%5& ()-!x & "10%5~5& ()-m!& "10%5y5& ()-m!& "19%35&' ()-m L L

"10%5u5& ()-!~ L "10%5k5& ()-n rS4! 10%@0&' ()-:10%0& ()- 'Y 10% o0& () -

10y5y5 10y5y5 10y5y5! " - "10%5y5& ()-!-""10%5~5& () - nopgq 9

b@ ! $10%008" L+ sTOWX ( FOIMAROYS - 109E. PPserve 0@’ ¢f- ot ofirst

control wunit determines that the two pick-and-place

stations 6, 17 are loaded to different extents,
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ensure that an appropriate signal 1is output to the
controlled section 31. This signal comprises a changed
pick-and-place program, which assigns the components to
5 be fitted and the pick-and-place stations to one
another. For the entire line performance, an observer
belonging to the line control unit 40 is provided,
which forwards its information to a controller 39
belonging to the line control unit. The effect of this
10 controller 39 1is that an improved pick-and-place
program is used, in that the information from the
observer 40 belonging to the line control unié-has been

taken into account.

15 The method according to the invention will now be
explained using the structural diagram of Figure 3.
Firstly, by using the theoretical time response of the
automatic pick-and-place devices 1, 7, 8, a theoretical
model 1is prepared. If, then, a substrate is to be

20 populated with a specific quantity of components from a
specific component range, then the individual
components, the component types and the individual
positions at which the components are to be placed on
the substrate are processed, with the aid of the

25 theoretical modei, to form a pick-and-place program
which uses the different pick-and-place stations 6, 17
in as optimum a manner as possible in order to populate
as many substrates 2 as possible in the shortest
possible time. In this case, it is also predefined

30 which components 2 have to be kept in stock in the feed
units 5 respectively assigned to the automatic pick-
and-place devices 1, 7, 8.

While this program is being used, the pick-and-place
35 performance which is actually achieved is measured. In
general, the real time response of the automatic pick-
and-place devices 1, 7, 8 will deviate from the
theoretical time response. The deviations: are
.determined with the aid of the observers 32, 35, 38, 40
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and an adapted theoretical model of the line is

produced. This adapted theoretical model will then

generally also 1lead to an adapted pick-and-place
program, 1in which the actual time response of the

5 individual automatic pick-and-place devices 1,
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be taken over by a different automatic pick~-and-place
device.
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1. A method for equipping substrates with components,
the method comprising the steps of:

providing at least two equipping locations, each
including a plurality of components held in a delivery
unit and an equipping head for taking the plurality of
components from the delivery unit for placement onto a
substrate;

creating a theoretical model for operating of the
equipping heads;

determining an equipping program on the basis of the
theoretical model;

controlling each of the equipping heads with the
equipping program, whereby the program allocates equipping
locations and components to be placed on a substrate at
the respective equipping locations;

identifying an equipping time during an equipping
process controlled by the equipping program;

measuring an actual equipping time of the equipping
heads;

adapting the theoretical model on the basis of the
measured actual equipping time;

comparing the actual equipping time to a time stored
in the equipping program and calculating a time difference
time between the stored time and. the actual equipping
time;

comparing the calculated time difference to a time
span stored in the equipping program;

deriving an updated equipping program that allocates
between the equipping locations and components to be

placed at the respective equipping locations, wherein the
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subsequently controlling the equipping process for

further substrates according to the wupdated equipping

program.

2. The method for equipping substrates according to
claim 1, further comprising the steps of:
further updating the updated equipping program

according to the adapted theoretical model.

3. The method for equipping substrates according to
claim 1, further comprising the steps of:
creating a theoretical model for a duration of individual
work steps of the equipping heads:;

determining the predetermined equipping program on
the basis of the theoretical model;

identifying a read duration of the individual work
steps of the equipping heads during measurement of the
equipping time;
adapting the theoretical model on the basis of the
identified real duration; and

further updating the updated equipping program

according to the adapted theoretical model.

4, The method for equipping 'substrates according to
claim 1, wherein at 1least two equipping locations are

provided in one automatic equipping unit.

5. The method for equipping substrates according to
claim 1, wherein the at least two equipping locations are
provided in different automatic equipping units arranged

in a process line.
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claim 1, wherein information about the components actually
placed at the respective equipping locations is stored on

the substrate.

7. The method for equipping substrates according to
claim 1, wherein each delivery unit is allocated to only

one equipping location.

8. The method for equipping substrates according to
claim 1, further comprising the steps of:

displaying information for an operator; and

refitting components from one equipping location onto
another equipping location in order to enable the control
by the wupdated equipping program when the displayed
information indicates a problem with one equipping

location.




