i1: . EQU PMENT AND NETHOD FOR MOUNTI NG ELECTRONIC T00114-2
*FI ELD OF THE | NVENTI ON The present invention relates to nggpg*gg ‘
el ectronic conponents using nore than one nozzle provided on a t

head for picking up electronic conponents placed on nore than one
vertically-staged tray, and transferring and nounting themonto a

substrate. _ BACKGROUND, OF THE | NVENTI ON At present,
a common type of electronic conponent = nmounting equi pment picks up a
sel ecti on of &lectextical imdknt s supplied via an el ectroni c conponent

feeder by vacuum suction of transfer head nozzle and transfers and
nmounts themonto a substrate. There are various tépes of ~ feeders_which
suppl y el ect r HIS c FPEREEON t Felipdasoz e 8f VERELEAAnsHERLRe AN 5 1BOBRE

type enpl oys Fpdrtdeularly €9 &l 96+-t98at @PERANTOr hirAdein Atond6l DdaRing ! t

whi ch enpl oys ths tra é | S e%ﬁﬂalned next . Fig. 13 shows a side view
of an el ectroff®® t s er of the prior art. In Fig. 13, a nmgazine
-1 houses a tray 2 mhlch stores nore than one el ectronic conponent aligned

| th d

L tages. A cert ai PERYERI RS Lo ok puiddings gan B develoned

el ectronic corq:mrmntalfemdext ischecessagy Zthat 1the sgroun@dupen | ghickdthe

el evation nmea é;%rg@xe jderd ené pidcd s dddQidtdyctonsbPiadPylNgnt he

tray 2 to a subse
Y ordé% to take the load of the intrastructure or bulldlng.

This is especially true where construction is to take place
on reclaimed land. Large amounts of clay, silty clay and
marine clay are to be found in many areas inland and
onshore where land is to be reclaimed. These weak soils
have a high water content which must be reduced so that the
ground can consolidate before construction can take place.

Early methods of ground consolidation involve the
use of sand drains. These are vertical bores filled with
sand which extend down into the ground to be consolidated.
A surcharge load such as a large volume of sand is
deposited over the bores on the ground to be consolidated.
The pressure exefted by the sand on the ground forces water
in the weak soils into and up the sand drains thereby
consolidating the ground; Such an arrangement is shown in
Figure 1 of the accompanying drawings.

Without the use of sand drains, a surcharge load
placed on the surface to compress and thereby consolidate
the weak s0il below will take several years to settle
completely or achieve a desired level of consolidation,
i.e. 90 to 95%, to render the 1land suitable for
construction. However,'by using sand drains, this period
is reduced to only a few months depending upon the soil
condition, the spacing of the drains and the weight of the
surcharge load.
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pi ckup stage 6 next. In/out nmeans 5 is for ejecting the tray 2 at the
“infout level 3 fromthe magazine.1 to the pickup stage 6, or to return the
tray 2 on the pickup stage 6 to the magazi ne 1. When the tray 2
required to be on the pickup stage 6 (refer to the tray 2 represented by a
dotted line) is ejected, a nozzle 8 of a transfer head 7 |owers toward the
tray 2, and an el ectronic conponent P on the tray 2 is picked up by
suction at the tip of the nozzle 8. The electronic conponent P, shown by a
dotted line, is then transferred and noun2ed onto a substrate 9, for
exanple, a printed circuit board. Wth the above el ectronic
conponent feeder of tf@nddraing haveykesnt replaged Mikh socadtedkPreyr

replace the ieadyidat@d t veredcan t Agalnekuppebyge 6 pvessl td:dsmpﬁse an
| onger feedl\rll\%cycle time, which in turg l.owers roducla%é % The, reasons
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suction system. An example of a PVD is shown in Figure 2A
of the accompanying drawings.

A mesh like structure can be used instead of the
corrugated core profile. A prefabricated vertical drain
incorporating the mesh like structure is shown in Figure 2B
of the accompanying drawings. '

The rate of consolidation using prefabricated
vertical drains after 60% consoli@ation has been achieved
begins to slow. The waiting period necessary to achieve
further consolidation is lengthy and, therefore, in most
circumstances impractical. In order to speed up the
consolidation process, it is Xxnown to increase the
surcharge load on the ground being consolidated but there
are associated problems with this solution such as the
instability of the surcharge load above the ground being
consolidated, shortage of surcharge material and the extra
time and cost needed to deposit the further surcharge.

This invention seeks to provide an improved'
vertical drain which does not suffer from the above-
mentioned problems and which allows the acceleration of the
consolidation process.
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The el ectronic conponent nounting equipnent of the present invention «
*conprises a positioning unit for positioning a substrate, an electronic
conponent feeder for supplying electronic conponents, and a transfer head
whi ch noves between the el ectroni c conponent feeder and the positioning
unit for transferring and nounting supplied electronic conponents onto a
positioned substrate. The abovenentioned el ectroni c conponent feeder
conprises tray holders for holding a tray storing nore than one el ectronic
conponent, a frame having nore than one vestical stage for the tray

hol ders so as to nove each tray hol der horizontally at each height |evel,
and nore than one in/ Accomdirglyli spnecaspectt ef t the priegerd: fimvention

transferring el {ddy ahgefeic gomﬁ aprydfsfﬂ;naof&uaackf%n?t;ﬂ&unahe

-4- abovenen rises a nozzle“for suct]on
el ectronic comvudanwhxghiQramntqqnprxﬁﬁﬁnﬁﬁne qﬁ&#ﬁﬁu@9ﬁ¢cnav&ngngngn@r

nozzl e in accqiiadICénihhb18 *&%ﬂﬂauq] @P&ﬁyttﬁ& Qerigth PbEKEReSIHR to

The el ectroni c conponent nountin t he esent invention i
nove el ect r onikefRHnEALASt or € eﬁﬁrlgallllé(y ‘f‘?)‘“?‘gfétb’f%kﬂ‘ﬁaé‘?ag%x ?ﬁ“ikn%p

an el ectronic Walwlamﬁ@%nezzéﬁgﬁh blfe thearvrey; hemil anfeliboent
it on the substrate.

e tha ne, | evel fo ct and
returning the ﬁ‘ﬁﬁlo"f'bdjalh% f Fﬁgepl c%%rgfﬁg f%ld p%&\? mdegi'osbﬁ ai’gglr1 ain
interval in thmnmhdmtedhpmﬁesrbhrmmiwﬁlsltqream &hecabk brVvROréoOr
positioning'tr§?g ﬁgiiogntéﬁbpéﬁggﬁ stage, and the el ectronic conponent on

e

the tray is then pic up Wt nozzle to be nounted on the
substrate. The el ectroni c conponent nounting nethod of the "present

invention further pickg #preh&st48Pest COFPERESSedant t RvéRBYSnSEEoRIAEBT €
than one vertical |evel of the

ge mnth npre than aone vacuum
suction nozzl & BFFA¥d O V?Wéf‘t‘?%ngf:él’-nﬁeé't?mp&?ﬁf’t’?%sf &r §’O]&fﬁPﬁg%t9ft he

el ectronic vertical drains according to any ©preceding clainm
connectable to a negative terminal of a power source; and
a plurality of electrically conductive means connectable to
a positive terminal of a power source.

Another aspect of the present invention provides a
method of consolidating ground soil by draining fluid from
ground soil comprising the steps of: introducing an array
of vertical drains.having electrically conductive means
therein into ground to be consolidated; providing a
surcharge load on the ground to be consolidated to cause
hydraulic consolidation of the ground, fluid being drained
from the ground through' the vertical drains; and
connecting the ‘electrically conductive means in the
vertical drains to a power source to initiate electro-
osmotic consolidation of the ground to be consolidated.

In order that the present invention may be more
readily understood, embodiments thereof will now be
described, by way of . example, with reference to the
accompanying drawings, in which: ' )



conmponent onto a substrate positioned with the positioning wunit. The
‘transfer head is noved over the trays di sposed on the plurality of

vertical stages, and electronic conponents are picked up in order fromthe
upper tray to the lower tray by noving nore than one nozzle vertically in
order. Wien one nozzle is |owered for picking up an el ectronic conponent,
-5- other nozzles which do not pick up electronic conponents also |ower

t oget her. + The el ectroni c conponent -nounting equi prent as configured
above operates as foll ows. Each trag can be independently ejected to
and returned fromthe pickup stage at different |evels. The nozzle of the
transfer head al so nO\RIGvedt i sl lay icrossssectddnn throughela cchdmatiay

posi ti oned onxlg)t e@e%!ﬁ: geoé)y { h%o‘iﬁfﬁﬁ‘a&na \(ﬁl@ﬂ]}d NMECSHEH S{Rat{drs

al | ows pronpt t1ng up o the reqw re ckup stage as
required for yskeRn uging Rand dnaigg @rcmﬁﬁnl%ﬁesftwtml dxgins;

I mmedi ately nount it on the substrate. In other words, the present

i nventi on enabl es the saV|ng of, time required, for eIevatlng he magazi ne
and ejecting or returrf A dsy\A aFrers-spetirno Fhugidh ?ss‘&%’olﬂﬁ%Te

with the el ecthﬁamc@Mam, equi pnent of the prior art.
Accordingly, the nounting cycle tinme can be reduced. Mor eover, by -

providing nore than one level with a certain interval in the vertical axis
for ejecting or returFiGg 2Beid racrdssesdct bvel thioughl dnothehef grmkep

stage, the ej eafé:ld:oé' ﬁbrteéé% ep‘?ewfégi'é)ﬁa% a required tray can be

pronmptly execu errng w other trays, also resulting in
a reduction of the nmounting cycle tine. - Furthernore, by disposing

tlhe transfer head overpide 3 t{igys é&*&é@%t’:{bﬁmﬁ&réﬁkﬁ' Nereibatadrsinge,
erectronte embodying the present invention;

FIG. 4 is a cross-section through a schematic
representation of ground being consolidated provided with
vertical drains embodying the present invention;

FIG. 5 is a schematic plan view of a square grid of
vertical drains embodying the present invention; and

FIG. 6 is a schematic plan view of a triangular
grid of vertical drains embodying the present invention.

Referring to Figure 3,la vertical drain 1 embodying
the present invention comprising a corrugated plastics core
2 which is surrounded by a synthetic filter cloth 3. 1In
the example shown in Figure 3, the vertical drain has a
thickness in the region of 3 mm, a nominal width of 100 mm
and a length in the region of 50m or more. The drain is
manufactured in coiled 1lengths of 200 m or more.

Preferably, the plastics materials from which the plastics
core is manufactured is polypropylene or polyethylene or
other extrudable plastics. The synthetics filter cloth is
preferably manufactured from polypropylene or polyethylene
or other synthetic fibres and is sufficiently porous to



-6- conponents are picked up in order fromthe upper to the |ower trays
*by the vertical novenent of nore than one nozzle. Those nozzl es which do
not pick up electronic conponents also |ower together with the nozzle
which lowers to pick up electronic conponents. This allows the reduction
of the cycle tinme required for picking up electronic conponents on the
tray by noving the nozzle vertically and the cycle tine required for
novi ng the nozzle over the substrate and then noving vertically again to
nount the electronic conponent-on the substrate. Thus, electronic
conmponents on the tray can be nounted on the substrate at high speed with
good oper abi | idllow water to perm&xt&FtBESIBhPTheNfdR texE dIRAN NGgo the

Fig. 11s a PRIGHARdeSom 8 °6h! U IURRIBA! cPUN' I NBrERULRRTY, |the

accordance mnt an exenplary enb e present invention
Fig. 2 is a p&vgxage \RoXg almrofothehsyaltbettmnufcllt@@rr@m #ﬁ)u#nuﬂge

equi pment of A& LSEAl7d NWEMBd®Mmicrons. Fig. 3 is a section view of
t he el ectronic conponent nounting equi pnment of the present invention.

Fig. 4 is a perspective of a transfer head of the
-7- electronic corrponm& aeﬁﬁwgaﬂleﬁui gnﬁrﬁ ﬂietbtaateeentcoﬁewmim a

Figs. 5A - 5D ex aln first exam [processes an el ectroni

conponent nmourfts adb?mt‘ﬁgs Fé‘?&ﬂdlq%vgi?flgn%he VeFtical 'drain,
which channels are open to the synthetic filter cloth
surrounding the core such that water permeating through the
filter cloth is received in the one or more channels.

Conveniently, the corrugated plastics core 2 is
manufactured by extrusion. Either after extrusion or
during the extrusion process, one or more electrically
conductive strips 4 such as, for example, coppef wire are
attached or embedded along the length of the plastics core
2. The electrically conductive strips 4 run continuously
from one end of the vertical drain along the length of the
plastics core 2 to the other end of the vertical drain.

A vertical drain embodying the present invention
may dispense with the electrically conductive strips 4 by
utilising a plastics core 2 manufactured from an
electrically conductive resin. Either all the plastics
core 2 or selected areas of the plastics core are
manufactured from the electrically conductive resin.
Examples of appropriate electrically conductive resins are
polypropylene and polyethylene base resins which are
compounded with carbon to produce electrically conductive
polypropylene and electrically conductive polyethylene.
Such resins are readily available in extrusion grade.

In use, vertical drains embodying the present
invention are inserted in a square grid of bores in the
area of ground to be consolidated. The grid of the drains
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Figs. 6A - 6C explain a second exanple of processes of the electronic

* conponent nounti.ng nethod of the present invention. Figs. 7, 8,
9, 10, 11, and 12 explain a third exanple of processes of the electronic
conponent nounting nethod of the present invention. Fig. 13 is a
side view of an electronic conponent feeder of the prior art.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENT An exenpl ary enbodi nent of
the present invention is explained with reference to draw ngs. One

exenpl ary enbodi mrent of el ectronic conmponeit nounting equi pnent of the
present invention is explained wth reference to Figs. 1 to 4. In Fig. 1,
arrows X, Y, #&@efines rahcarrayi pfcriowss.ami comlagns of Aragngyiwhichyare a

| ong spaced apart between 1.0 m 8o 1di5SHANCErH ik tdiorahgim&rt | ON
on a top face (?f a base 10 ]%r transporting a substrate 12 and fu%tioni ng

as a substrat d8 pshevnoschematiicaldy phi FigHre§ theaBdbsStratd PS Rover
Speﬁified polsistdtz&rhe Aé\ié%{\SfaﬁEt tﬁl’cmﬁﬁe&aét@rﬁbé{f@?,h e rm&g}tefor
pi cki ng up el ectroni,c conponents w vacuum _suetion eir tips. e
transfer head 98NeRaLR%y i%rﬂ aﬁ?'&‘f‘e%&fbﬁ'&p i%h CF‘\P%fX et i%‘?@’%‘gt?%eg%ase
10 by an X t alihe vié¥tibedl addaindl bylfiBanAn ofl exdmedtore dexmnidlsowhichi ng
unit 40 is dispose S] f C r digection
of the substrate 1%’%0%% c%%o\%él)oréﬁ I'S f%cgé X%ré@?éoﬁﬁéﬁd £§n be

el ectroni c corpueakidatetts 1Bni Sheoarrayplofi vertdasd: dnainzonpbiemmate A
frame 17 of tR&a &0 NEP-CicSP MUY I8 dSnridetsa ftaadlitived e hegetife

The el ectronic . )
_ or positive terminal of the power supply such that a first

row of vertical drains comprises a row of anodes, a second
row of vertical drains comprises a row of cathodes and so
on. ' '

A surcharge load is placed over the area of ground
to be consolidated. The provision of the surcharge load
begins a process of hydraulic consolidation of the ground
beneath the surcharge load. As the ground consolidates,
the water content of the ground reduces as water passes
through the synthetic filter cloths 3 of the vertical
drains 1 into the cofrugations 5 of the plastics core 2 and
up and out of the vertical drains 1. As previously
discussed, after about 60% consolidation has taken place,
the rate of hydraulic consolidation begins to slow
considerably. However, using the vertical drains embodying
the present invention, the rate of consolidation can be re-
accelerated by implementing an electro-osmotic
"consolidation of the ground through which the vertical
drains 1 pass. The DC supply to the array of vertical
drains 1 is switched on thereby beginning the electro-
osmotic consolidation process. The electro-osmotic
consolidation process results in.water being attracted to
the cathode vertical drains 1.



conponent feeder 16 is disposed with a side toward the conveyor 11, and
*conprises a pickup stage A, which is an area for picking up an electronic
conmponent by suction with a nozzle of the transfer head 13, a standby
stage B at the <center, and a refill stage C which is disposed at the
opposite side of the pickup stage A for refilling electronic conponents by
replacing an enpty tray with another tray. A cover 18 is provided over the
standby stage B. A parts feeder 15 is for supplying electronic conponents
which are not provided in trays (e.g. a téape feeder and a tube feeder).
An outline of the internal structure of the electronic

-9- conponent feeder It6 showld|be nepprechatedetbate vhd lsty the elechremn

in Fig. 2, thesl G oBbk sfﬂ&ﬂewﬁ ﬁe%{kﬁv@%oblabae HUPY afy eriadi nent

of the present |nvent|on t abl es are a first table 19, a
second tabl e FRrt@in aameuntd QfabhEdJZ?Luli@mqwmqaﬁﬂm\'hga?‘imgt Rlafe- 19

Conveyor 23, e o o e “&@p'ﬂgﬂ}”?ﬁm as
conveyor an e thir a athir yeyor : e first.
conveyor 22 i £4h v&thadesn | gno 8& Sa 16 <1960 b?gg& ‘fﬁﬁ% g'é‘éﬁ?flilc
conveyor 23 byeohswcitut i o vl 2 &t idnd chlnset hi cértarhmegmouﬂﬁ bﬁ watér rto
not or Ac or t, ir b e ab

tabl e 21 can f}g%ﬁ: é’R\ t&et %&'gh%l %Sgﬁgcgét agggpf% rghr e T on é{%
~arrows N1, N21anhuBannﬂefvestlcabl@ramnsse%om@ungﬂaitxactﬁ@ MMrthe
table 21 are GHEN! Jeltdcall VaPgLle” Mol nend'e bEdinaahd iy

first conveyor , _ second conveyor and third conveyor
equi val ent t o canfolifaked qe fhus, a certainaneung r%t%ﬂ‘%"ﬁﬁl‘?% energy

el ectroni ¢ congiritbd cssifEiadfeditd se BEImy &va/s@éd)pdlmeﬂéréhemroﬁent
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upper part of ddtthddenevértieal t dairse are produced as previously
described whereas the anodes in the array of vertical
drains comprise solid cores without corrugations to prevent
water being collected in the anodes.

Whilst the array of vertical drains has been
described as a square array, other array patterns are
‘possible using, for example, the triangular grid pattern
shown in Figure 6. '



- stepped dommma%d—%%eﬁffhe—teﬁfef to the outside. pA-slider S fixed to the
: mface of the first table 19 is fitted in s THHbSHEFBﬂhSQQ%QP the

second

botto
et g [IIUENGINMAR > oceoe 1710 e somieny ¥ pecons

are supported in shi dable fashion respectively by the second QU|de 29
fixed to the second stage 17b and the third guide 30 fixed to the third
stage 17c. Afirst tray 31 stores the first electronic conponent 32 and
is placed on the first table 19, a second 8ray 33 stores the second

el ectroni c conponent 34 and is placed on the second table 20, and a third
tray 35 storeSLBAMBEhird el ectronic conponent 36 and is placed on the
third table 21. Here, in each tray placed on each table, the first tray 31
is positioned at the first |evel Ll h is the,bott t t he second
tray 33 is poé-ltlonedAatV?Wélg%l:oﬁﬁfailé‘ve&r L%raMIIEH ’gﬂ]f’rfi ?gﬂﬁl ,
and the thi rdﬁmlax Fhiich cmﬁmt icompt idled lan temdnd;aiim/eioﬂes harhiingh ome tdxe
top stage. The_lev nltorl | evel, fo tr oRoAe

(to be explai Wi h! ae}b?"}ne g &x e‘?ﬁéngl o&g t#ﬁ%é éggﬁgﬁt é%lneea% e%é
vertically dmmwawvéefluhé,outeldetnicahkyfmouﬂunﬂﬂwelmeaaﬁdextﬁndﬁng
perpendi cul ar | a t o] e 9,
reachi ng the s?ﬁ E%%@Sﬁ n otif %oé(zjes e g& g QH%-, %ﬁsergsecg tabﬁaﬂ@ell
~detours ar oungureOunding t bee cqxaeandrfwtcmau@s ﬁﬁ'@mce%’%'lm@f heing
frame so that ddiiolSidatdd hstfed RardudM tha ¢i10ERONAEL £REUSHe 16r GRSYdE

made nore conpact by minim zing the width of the second table 20. Wth
the sanme int efbiednelshdnithe #o%ew third table 21 is designed to detour
around the second table 20, and is bent towards the center of the franme 17
to reach the szlider S.

A vertical drain according to Claim 1, wherein the
electrically conductive means comprises a portion of the
core which is electrically conductive.

3. A vertical drain according to Claim 1 or 2, wherein
the core is manufactured from a resin.

4. A vertical drain according to Claim 3, wherein the
resin is electrically conductive.

5. A vertical drain accotding to Claim 1, wherein the
electrically conductive means comprises an electrically
conductive strip.

6. A vertical drain according to Claim 5, wherein the
strip is located in a channel of the core.

7. A vertical drain according to Claim 5, wherein the
strip is attached to or embedded in the core.

8. A vertical drain according to any one of Claims 5
to 7, wherein the strip comprises a copper wire.
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-1 1- Next, the structure of the transfer hea
-unit 40 is explained with reference to Fig. 4. The t¥ SRS,
conpri | e 14a, second nozzle 14b, and}t hir RERbA
vvh| chlmmulﬂl“ ulll‘n)ﬂland i ndependently from each ot - expl ai ned
| ater, *théy pick %up*the first electronic conponent 32, second el ectronic
conponent 34, and third el ectronic conponént 36, respectlvely, by sucti on,
and transfer and nmount themon the substrate 12. The first nozzle
14a, second nozzle 14b, and third nozzle 944c have the sane vertical
movenent nmechani sm These nozzles conprise a head frame 51, a feeding
screw 52 whicB. is veht Vextigaderaip ageondiads tenany1 precedings claddy 53
which is nnun%ﬁg r83H0 thid€ cdpReli sPamt dtriltgdigad frame 51 for rotating the

feeding screw 5 a nut 54 which is hinged to the feeding screw 52, and
noves vertically when the feeding screw 52 is rotated, a nozzle shaft 55

Vﬁrt i cal : y ﬁmw ded anviertidal @fainndceordimd ltg:Chnlyl melaamg adlaoh, t o
the nozzle shaft 55. e nozzle s 55 rqtates | ven
by a head not¥Pe5?itn ri%Fb ?C%’élcgixkﬁof’af’ﬁaf }Vﬁhé?%eaggaé?gtmnﬁé d%
rotates cl ockeozre extrasiwrercl ockwi se, the nut 54 noves upward or downward
along the feeding screw 52, and the first nozzle 14a, second nozzle 14b,

and third nozzle 14c nove upmard or downward. \When the head mgtor 57
rot at es, the Adzz| e shaft BFawt Res veytiewle radpscocPBPrifdngie 2

hor i zont al ?&h?@il |@f°§ert1ca1 drains accordlng to any precedihg
t he electronl conponent plcke suction, at the first

nozzl e 14a, s&3GAR Feppestahie &HdatﬁFgﬁtﬁX?zF%rmiﬂél of &' POVEE SIS i ng
unit 40 is copniggurgd tpndwabEty | iofe e28geriédllysi deondbickivé. Teans

| onger side of the Lin nsor 42 .is provided alo the Y axi nd a slit
43 is opened%’ﬁe&tﬁﬁtﬁ }tf B Rt ﬁzojgga w%p%?é;gg

12. An array according to Claim 11, wherein the

I ng

(g8

electrically conductive means connectable to the positive
terminal of the power source do not include any channels to
receive fluid from the ground soil.

13. An array according to Claim 11, wherein the
elecﬁrically conductive means connectable to the positive
terminal of the power source comprise the electrically
conductive means of further vertical drains according to |
any one of Claims 1 to 10.

14. A method of consolidating ground soil by draining
fluid from ground soil comprising the steps of: introducing
an array of vertical drains having electrically conductive
means therein into ground to be consolidated; providing a
surcharge load on the ground to be consolidated to cause
hydraulic consolidation of the ground, fluid being drained
from the ground through the vertical drains; and
connecting the electrically conductive means in the
vertical drains to a power source to initiate electro-
osmotic consolidation of the ground to be consolidated.
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of the box 4I.  The transfer head 13 noves perpendicularly (along the X

-axis) t f the line sensor 42 (y axis) over the slit 43.
The fi rlmillﬁm mHE jlrmgcond nozzle 14b, and third nozgle.l4c are arranged
| n ali xis. Accordingly, the first el efTHIONSHEETO HASNBREN
second el ectronic conponent 34, and third electronjc co &0tp 36,
plcked up by suction at the tip of each nozzle, travers . = ‘
42 as the transfer head 13 linearly noves along the X axis. This enables
conti nuous high speed nonitoring of thesacel ectronic conponents-to detect
any deviation in the x, y, and O directions. Next, a first exanple -
of an el ectronisc conp@enertmad.tldgamt hsuﬂoshanheabmrrm%r Wmme of
t he present FL@s - sses
of a first exarrp\%%epo the e?le?te?%gllcg ggrrggﬁehtg ﬁ%ﬁﬁ?l Jﬁlgqi‘rre ho?iénaAsp&gﬂ%m
in Fig. b5A the first tray 31, second tray 33, and third tray 35 are

pl aced on the ;g andby »54waehdd oweéénsblhghﬁlnél?gré\'i'ﬁdfs!dﬂ substantiiaFBgond
tray 33, and third tra){) 35 are nove

-13-  pickup SSaperginbefiare Wé%wﬂf‘g’ngﬁgﬁrﬁggﬁ t9 pRd ARsShewm in

pi ckup st'age &!1gTh:%’s Attd e, third level L3, the first nozzle 14a picks up
the third el ectronic conponent 36 from the third tray 35 on the top stage.
After conpleting the pickup operation at the third level L3, the third
tray 35 i medilat.ely ré!tny nsnd\(el hefesturalbyorst azmniBinat Howef n featuses
After the thi gﬁ% Ia‘%/ #5ns, the second nozzle 14b imedi ately picks
up the secon ectroni c corrponent 34 fromthe second tray 33 at the
second level L2, and nounts it on the substrate 12. Here, the present
invention saves the tinme spent for elevating the nmagazine or ejecting the
next tray to the pickup stage A as required wth the electronic conponent
nmounti ng equi pnment of the prior art, enabling a reduction of the

el ectroni c conponent nounting tine.

is. Sheet: Has Been RTlaced

T i




After conpleting the pickup operation for the second tray 33, the second
-tray 33 is imedi ately returned to the standby stage B as shown in Fig.
5D. The first electronic conponent 32 on the first tray 31 positioned at
the first level L1 is then picked up. Wen the second tray 33 at the
standby stage B beconmes enpty, the second tray 33 is noved to the refil
stage C (shown by a chain line), and the tray is refilled by replacing it
with a newtray full of second electronic conmponents 34. The el ectronic
conmponents 36, 34, and 32 can be nountedldnto the substrate 12 after
picking up all of them : - 14-

Next, a second exanple of.the electronic conponent nounting nethod in the
exenpl ary enmbedigmgnty §f A he gpresent invention is explained. ' Fi gs.
6A - 6C expla S the second exanple of the electronic
conponent nounting nethod. In this exanple, trays are not required to be
returned to thwa viimvYdaLr PE0eeB as in the first exanpl e expl ai ned above.
The- trays- can be switched with only a small returning operation.
Specifically, the first tray 31, second tray 33, and third tray 35 are
first aligned as showin Fig. 6A, and the first nozzle 14a picks up the

third el ectronj e forom L hi a . t hi ray
35 is returne(?; Q'regrlq"ii}'tr'%:l e%{rg%'?lngog i ‘rig%'htg # g‘? ggugﬁdﬁé‘é@oﬁd r%yégglb\%lég?lile

| engt h of the ddaignmeempiitsgs ofan helengeteonicoreonpanings, onandor hgnore
transfer head ﬂr?ei?vf&émii’n% ﬁ%umf L Gdhg¥n (€ tifd SFrONES LOsRORENt

alignnent pitch tor prcking_up 1h second el ectronic conponent 34 fromthe
second tray 3F¥WWidy the selerBricazil¥ 145onduciym, i MeaNF occexifRdiRdond

tray 33 is refubstethtVEeI1y el 6ngetHeSiangenas st ithet oré;t r andoa sP1téAt

only the first tr%y 31, protrudes fromthe second a¥ 33 and thgltglrd

tray 35. The f§¥H ‘Hr%’éf? ofite  EQKBancWReEe1N é!‘r’rblrf{ pit&i®8y HHOPPEm PRLNY

first tray 31 odridolidetédipabsex Allrcugh the filter into the one or more
channels in the core.

[Figure 3]
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Then, the transfer head 13 is noved over the substrate 12, and the third

- el ectroni c conponent 36, second el ectronic conponent 34, and first

el ectronic conponent 32 that have

-15- been picked up are noufited onto the substrate 12. In this way, the
stroke for returning the second tray 33 and third tray 35 can be mnim zed
to the degree required to avoid intb7 ering with pickup of the first

el ectronic conponent 32 fromthe first  tray 31 on the | owest stage,
enabling shortening of the tinme required for nmounting electronic

conponent s. A third exanple of the el ectronic conponent nounting
met hod in the exenplary enbodi nent of the present invention is explained
next . Figs. 7 to 12 explain processes pf the third exanple of the

el ectroni c conmponent nounting method, show ng the sequence of operations.
Specifically, as shown in Fig. 7, the firstaray 31, second tray 33, and
third tray 35 are taken out fromthe standby, stage B to the pickup stage
A. Here, the first level L1 of the first trgy 31 on the lowest stage is
conpletely leveled or approximately | evel ed the nonitoring level LO for
~electronic conponents and the upper? face | evel of the substrate 12

(el ectronic conpguent nognting levgl). The rjeason is explained |ater.

As shown in Fig. 7, the tjansfer head 13 i s noved over the pi ckup stage A.
At first, the fingss nozzl ¢ 1l4a, set®nd nozzlle 14b, and third nozzle 14c
are set to the highest |gvel, and dnly the third nozzle 14c is first

| onered and raised to pir—prerrr—TmTment 36 i n t he
third tray 35 at the tgp
-16- - Next, as

tagé by sucti on.
TS ay—35—Fat urns to
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" the standby stage B, to expose the second tray 33. The second nozzle 14b
-is then lowered or raised to pick up the second el ectronic conponent 34 as
shown in Fig. 9. At this point, the first nozzle 14a and third nozzle 1l4c,

which do not pick up electronic conponents, are also |owered for the
stroke H follow ng the | owering opegz?ﬂon of the second nozzle 14b.
Next, as shown in Fig.. 10, the secon ‘hy 33 is returned to the standby

‘stage B to expose the first tray 31. The first nozzle 14a is | owered or
raised to pick up the first electronic conponent 32. Here, the second
nozzl e 14b and third nozzle 14c which have already picked up electronic
conponents also lower for the stroke H2 followi ng the -l owering operation
of the first nozzle 1l4a. As expl ai ned above, after the third nozzle
l4c, second nozzle 14b, and first nozzle 14a respectively pick up the
third el ectroni c conponent 36, second el ectronic conponent 34, and first
el ectroni c conponent 32 in order, the nsfer head 13 noves over the
nonitoring unit @0 as shown in Fig. or checking any deviation in the

position of theCNhird electronic co nt 36, second el ectronic conponent
34, and first elsectronic conponent 35&A so refer to FIiR 4). In
this case, all tH® el ggf™\onic conmpone 36, 34, and 32_are pasitioned at
t he nonitoring Mevel f the nonit g unit 40 by dr.&in e z-axis
motor 53 to | ower _ By first
nozzl e 14a, second nog 14b, and th nozzle 14c. \Wen pig#ing up the

| ast conponent as sho n Fig. 10, only the first ndzzl 4a whi ch

pi cks up the first el roni ¢ compon 32, but also the se nozzl e 14b
and third nozzle l4c ch have alre pi cked up the secon | ectronic
conponent 34 and thir ectronic co nt 36, and not ptckedfup

el ectroni c conponents t he process in Fig. 10, ar ady | owered
together with the firg nozzl e l4a. rdingly, the | oMt troke H3

for | owering

N

N

™\

Fig. 2B:



the third el ectronic conponent 36, second el ectronic conponent 34, and
-first electronic conponent 32 fromthe first level LI to the nonitoring
| evel LO can be made very short. Thus, the three el ectronic conponents 36,
34, and 32 can be continuously nonitored at high speed in a well arranged
manner for detecting positional deviations in the x, y, and [err]
directions. It is apparent that this lowering stroke H3 can be set at 0 by
setting the nmonitoring unit 40 at.qg %gemhat hi gher | evel. As shown
in Fig. 12, the transfer head 13 then nbves over the substrate 12, and the
third nozzle 14c, second nozzle 14b, and first nozzle 14a | ower or rise
separately to ' nount t%ﬁ t@fee el ectroni c conponents 36, 34, and 32 one by
one at specified coordighat ogp theysubstrate 12. Also in this case, since
~the first nozzle 14a, $pco n zzlg§i4b, and third nozzle 14c are already
| owered to the nonitoring z}evel L the low | evel, as shown in Fig. 11,
the | owering _ @ 4 W -18- stroke H4 for
nounting the electroni & co ongtts %?, 34, and 32 can be shortened,
enabl i ng hi gh-speed no ti%% viatgon in the X and Y directions detected
by the nonitoring unit 240 s dorreGted by adjusting the novenment stroke of
the transfer head 13 relatfveijto t X axis and Y axis of the substrate
12. Deviation in the Oldireftidn is toryected by rotating the nozzle shaft

55 by driving the head jootof 571 shown i\ Fig. . 4. The el ectronic
conponent nounti equ he ¥ 4 i abl es ejection and
return of each tray rpe y—totard v e—preciup—st age at
different |evel Su'-,The npzZtegofj the tyanster _fead canj al so be noved
vertically in reFEonse TP tnejlgvel ofteach tray positjoned on the pickup
stage by the vertrcal jhoveneni nechanismso that the fequired tray can be
qui ckly positioned at _the _pi¥ckud stage at the required tine for
i mmedi at el y picking up :
/ . A
7
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T
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an el ectronic component with the nozzle for nounting it on the substrate.
*ln other words, the present invention saves the tinme required for

el evating the nagazine and taking in and out the tray after elevation,

whi ch was unavoi dable with the conventional electronic conponent nounting
equi pnent, thus shortening the nounting cycle tine. The el ectronic
conponent nounting nmethod of the present invention enables the ejection
and return of a required tray pronpq%y wi thout interfering with other
trays Lf -19- by providing nore than
one level with a certain interval in the vertical direction for ejecting
and returning trays to and fromthe pickup stage. As a result, the
nounting cycle tinme can be shortened. Mor eover, the el ectronic
conponent nounting nethod of the present invention positions the transfer
head over the trays disposed at nore than one vertical level to pick up
el ectronic conponents fromin order of upper tray to lower tray by noving
‘nore than one nozzle vertically in order. In addition, the nozzles which
do not pick up electronic conponents follow the |owering operation of the
nozzl.e which picks up an el ectronic conponent so that the cycle tine
required for picking up an el ectronic conponent fromthe tray by
vertically moving the nozzles and the cycle time required for noving the
nozzl es over the substrate and noving the nozzles vertically again to
nount el ectronic conponents onto the substrate can be greatly shortened.
Accordingly, the present invention allows the nounting of electronic
conponents in trays onto the substrate at high speed and with good

operability. + 0+ ot 0+ - 20-
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What ..i.s ,cl ained is: 1. Electronic conponent nmoungi7@ || 14 -2

posi | i”EfS? o HHRERREMIET L~ anPectronic Component. fediPAS
erTo

|
T

devi<T r = csupplryi ag &l ectroni c conponents, said el eg&gomgjj_edi ng
devi ce conpri si ng: - aplurality g,\’rj ) (,”""3‘;5?7,, 3
hol di ng trays storing electronic conpon Lﬁ@EﬁfﬂwJ
- a frame having a plurality of vertical 4 i ﬁtggﬁs f or la
housi ng said tray hol ders, and maki ngj epc & 24080 t rayj
hol ders hori DuNIMS sy ' novabl e at theirj ri ctive hei qht'
| evel s, and - plurality o -
conveyors disposed with said tray hol fer—.onyin

said tray 1. A verticabdl drresirbeforedra isiiagdbylei@0erdnd G Rlskup

stage; and : . . . he movabl e .bet ween .said electronic
conmponent feSqth gg\hcgedg%&%al F%E)lsél] glagarﬂ r?é‘o qtq §ore haying gne ong
and nount i ng™&EpIFhannglst eskppddogp@ieame the lengtht kef pthet icored to

substrate, sgedeifenSFRiidead electFPARIVF Mbnductive means extending @
0

nozzl e for- pi cléi n R I d el ectraonic conmponents
suction, and®™ Sgg\‘}’gr’f‘ > e kel spf fbhe core; and a filter
-21- surrounding the cogetiwvhékginothagetattriedrie éondbetieé ght

| evel of onemeanshest ad¥achaat £8, pi i ; sl age.

2. A nethod fer¢fRuaLia9 fiﬁi&rﬂ%ﬁﬁggﬁggdeégé %f/ comprfses rr%v??ﬁ{{"?%ys
storing el ectroni ¢ conpdnents to a prerupes g’ consolidated pPagses up t he
el ectroni c cbhpenaht thej fhlterointe theaone or more relmshimelfend kige nount

sai d el ectrogbgeconponents onto a

2. A vertical drain according to Claim 1, wherein the
electrically conductive means comprises a portion of the
core which is electrically conductive.

3. A vertical drain according to Claim 1 or 2, wherein
the core is manufactured from a resin.

4. A vertical drain according to Claim 3, wherein the
resin is electrically conductive.

5. A vertical drain according to Claim 1, wherein the
electrically conductive means comprises an electrically
conductive strip.

6. ‘A vertical drain according to Claim 5, wherein the
strip is located in a channel of the core.

7. A vertical drain according to any one of Claims 5
to 6, wherein the strip éomprises a copper wire.



sub_si.rate: c'c;napﬂ—si—ﬁg:—————— setting a plur
|l evels with a ce in vertical interval for ejec

rta
the _ ][M!II“U I Hll ﬂﬂthe pi ckup st age;
posi‘tioning t ey ckup stage by ej e¢tiing gheyt rédfla

each stage |evel; and pi cking up the ¢l ectronic

conponents housed in the trays with the nozzle tq retnt—tire
el ectroni c conponents . onto said substrate.
3. A nethod for nmounting el ectronic conponents by movi ng

o et Tonie gomonery s houeedh| BrbidactbRatiadeblofy orpespd gk

verti cal stsdges to prckrng-u
conponent s whdéreincthenceréhia phueatrugionh. nozzl es provided on a
transfer head, and transferring and mounting the electronic

conponents onto a’'substrate gsitiongd with a posjtioning unit,
conpri sing:2 movi nd®® he@¥Fakst &f hé’ﬁ‘%d\ﬁ?rl t H’:rﬁlrl}ﬁ/s %‘?'8%5’5%’0“9' a

-22- in tgenm ey i bY ofemeidaraliratiagesacamxliing to any vprécedlihyg

novi ng sai lural it f zzl es i 5L t:Q Qi p e ni C
conponent s ‘T’f%’r‘?? t‘floé“%/ercgﬁgf? ﬁt% radéxr%q‘ar om anq-’_%%f)nplg]raql %?y |é{t BE’QEFO%@‘?{”%?@,

wher ei n t heandozal espbhrahity noef pi ckdeginivalalect conductdiveonemeansf ol | ow

along wi th gl onerdige opsT 2t o8 eivbNeepPRIAhE BRI ahpolktksouRckhe
el ectronic conponent .
10. An array according to Claim 9, wherein the
electrically conductive means connectable to the positive
terminal of the power source do not include any channels to

receive fluid from the ground soil.

11, An array according to cClaim 9 ., wherein the
electrically conductive means connectable to the positive
terminal of the power source comprise the electrically

" conductive means of further vertical drains according to
any one of Claims 1 to 10.

12 A method of consolidating ground soil by draining
fluid from ground soil comprising the steps of: introducing
an array of vertical drains having electrically conductive
means therein into ground to be consolidated; providing a
surcharge load on the ground to be consolidated to cause
hydraulic consolidation of the ground, fluid being drained
from the ground through the vertical drains; and
connecting the electrically conductive means in the
vertical drains to a power source to initiate electro-
osmotic consolidation of the ground to be consolidated.



