-1 CHEM CAL ETCH ASSI STED SPARK MACHI NI NG HEAD The
present invention concerns a chem cal etch assisted
spark machi ning head. The present invention concerns
in particular a head of this type for machining holes
in non electrically conductive materials such as gl ass
sheets. It was in 1968 that {he use of electric

di scharges arising froman 5%el ectrochem cal reaction
in an electrolyte for drilling holes of smal

di mensions in glass sheets was first disclosed. Such
a known net mmm@m 'A@@ﬂ@?f@ﬁ sEAReMAHINGES RiEAD D
its current "TOrm consists rn imrersing the
gl ass sheet to be nachlned into an electrolytic bath

f or med, THeOpresx @ iRletio® Eorfcedia cRdiheatdian hedsted s@@rwﬁacﬁun.ng

o e Bo-ah I Vo ol Biprtflei e ¢HBS L forigachining

i netlesimewn elediicily tondtiee natdnatesuehastglaxdesheatsd an

anode F\‘R/%i@ e‘r%6%| tﬁgttthg%g opelggt?&%% P%\theg a“gﬁ% from an

electro ance Zone.
S Hﬁe@@@hemwgbweggthrhlatarml@ctmm doitling helegtof hma@ dimensions in glass

. %ets% flrgfﬁstﬂﬁ’é'la‘ae@hE@E%owH'n?etﬁé@h@sSSféﬁcl%p%\@dfs@{c@that date.

| aseous filmcoverin | ectrode tric
d|

5 guEeat foamp, ptaameﬁ@oqg NSRS nH@Mersing deoglass sheegiofaesmachined
| Oﬁ@dnyeledtﬁ)lﬁheaa_ﬂefohméq depexdrisid, ¢Flo30®; kascenfration of caustic soda
TS RTTRC  RAT

10 el kedwess! Yreetching inguument, kibichdamss & catbodmelestrads, ynd an anode
Cod'o'i.xﬂ{%'r \éfecﬂ'gge Wc}rft With e 1@99 tng?J Lfa ﬁ@la‘?n%? %rr# {he working

ustrlalsa ere

| a?tog‘é 'dYCfF@ﬁ%ﬂ B‘#!P w ﬂ“ﬁt areffpery @@ﬂﬁ@i@lmv@ﬁur@enb@e concentrated

t r\)lfi’a'ib(%iesckhbéaf@td?ﬁlda YEddotls il Hbﬁ&ln?@?@&e@ﬁ?deﬂ%tnc discharges
VO ities o

e 20
eIa@@??%”%?é'd?gh%g'"h%'ﬁﬂﬁgbegglﬁﬁ @Ealﬂ‘akes i npl ement ati on
15 of t hi SThmhbtbadd destritedalboas Hasl rrgirawbiack o reglimaginane sian of the

Cﬁ su efcecgf tlhé rEzath?' toI Bk ﬁ'aa Ihﬁgé mstﬂg%e g'xg{ée%q%u%fhke

roc em cal rges are novvn from
Palaelﬁtic Pasia ig Petgzcos%lze anda pariisulariy fengdrong gﬁpblﬁsfmeietthe eyes.

d [ﬁﬁ%g%&tndﬁ%éihon-r\bﬁerg %‘éh@ Bf %?gsee&Heﬁgles WA laUrEsd rface have to
[ el ectrode I n formof a rectilinear
‘&?2%%&“'63’/“95“?‘? W@U@H%ﬂﬂ'&'@ kadmefdproesobme vfe ‘ﬁﬁegcaékﬁl’ large
20 f Imhtanth dldtroteaposharied, Whith MEchiimpRmehtadtion Wt &is method
el ectrolyte into the annul ar space

t‘ta ag n Sat hero
Red ﬁlf]ﬂ% ddunt er - el ectrode. The excess
eI ect r & etholdl angsa denéee fohdriltimphalées e glads ehext by Imeeans of

c %l%ﬁﬁ&%ﬁ%i d lQ&%{@é%darbinS%ﬁWém %an&%&%ﬁt Iﬁo L ﬁ'-ngZ @9629 in the

he top surface ere s
sH‘@@ie @fd\“a@on Stestdlasnearp- e THe dpvee gmﬁlalb/eacla@ﬁﬁ/@workmg

25 a(b\réiiﬁbag‘ﬂﬂh%'ernﬁfSﬁé‘?edtlhl@éarth?sMr%eefbgtahﬁ\ggér%‘ééd counter

ed does not ha
2 Pegs wagg B MR oo Sheet Bioe Bectfe q%&&t?t’%( pivgicrips the
eleshequdtelmm lhs%nul’a'h epaictesdemfad bh mdéd:c&mtérﬁliledtliﬁde The excess
S . ver, on an .
AT RSt G by e ol RN e i ip racuated
arfowards a tank on the top surface of which there is arranged the glass sheet to be
30 machined.

The device described above advantageously means that the whole of the glass
sheet to be machined does not have to be immersed in an electrolyte bath and thus
reduces the quantity of electrolyte used. The risk of the electrolyte splashing is thus
limited. It is however only an experimental device that is difficult to transfer to an
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i ndustrial scale. Indeed, it is difficult to inmagine
how t he assenbly fornmed by the electrode and the
counter-electrode could be noved in order to machine
holes in other places on the g%gss sheet. Conversely,
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such that the bath water remains constantly clean.
According to a preferred enbodi mrent of the invention,
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- Figures 9A to 9C show various embodiments of the working electrode.

The present invention proceeds from the general inventive idea which consists
in providing a chemical etch assisted spark machining head able to be moved in three
dimensions, which enables large glass sheets to be machined easily and precisely

35 and at rates compatible with industriat scale production. Moreover, in the preferred
variant of the invention, the machining head is provided with means for feeding and
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the quantities of electrolyte used to be reduced and
avoi ds any risk of splashing the electrolyte. The
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-5 Finally, working electrode 4 can be driven in
rotation via a notor 36 (see Figure 8) owng to a
coupling piece 38. Wrking electrode 4 is a
cylindrical rectilinear rod th% can be made, for
exanpl e, of stainless steel or “even of tungsten. This
latter material has the advantage 5 of being an
excel l ent conductor of electricity, of having a high
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-6 46 arranged through the thickness of said body 2
for the evacuation of the electrolytic liquid. At its
base, counter-electrode 14 has a circul ar edge 74
inclined outwards and a circuggr edge 76 inclined
inwards. In its sinplified enbodi nent, the circular
edge of 5 counter-electrode 14 could be flat.
Nonet hel ess, this woul d nmake evacuati on of the
ol . it
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in order to of the electrical f]el nes

s@tc"I?H|ar BEgSLR m%*m%ﬂcmwaaﬂé n 'E"rﬁdmelglﬁ’ﬁteé‘ﬂboé’%%ﬂtr f@eé:'rmlar edge of
5 as;olmtegeleatrsw 1 66ul@Be MAS picAbBeReerthitvoMd @Aké eviRiation of the

el By Bl EE Ihork' BRIERFEE P iy e DR HRR Bge 74 i
ormr Q\h@ed@ vhithdeaves edarged epadedree fohthegizasdge of the electrolyte. Likewise,
eliffl b8gc P61 Q% Hcﬁl?lé‘t{]ih%ﬂ%e‘?%‘ bﬁeﬂﬁ?léfectr’(::bpf?éklj Wniegs that are set up

count er- elec
s@etwﬁwl%wqdﬁd angkefuniRg-elfeiree 44 88 l%:ﬂ@l aguirfgeea og@we over
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assemb ectrod
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gggr tﬁgm We&g'ﬁg? ge];l?ls ﬁﬁ\klﬁﬁa tlﬁgqf Lalr%% qd gmeter is preferably
pmauhuted irf omurttéreelpetsxﬂglet iofo vellickca goide asdemblly 88 fbi ¢ledtrode 4 will
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t IbpBomgHo ke, e5agut @{i@@ge tisc 38 |trougn w fchéhﬁmlteétrolsztsv llqwd can
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ctrol a circular nmedl at e spacer 96
ePfc%grS\‘MnE?Ty'EHIa}e ke Lertichys “Fr%‘?’ és QS‘PPB?" Wé%%%%ﬁg gt one
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St
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assenb ocked axially’ins
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nt er
30 | BTN B i Flger AL SeUiEaaode & B if Bsg ish o8 which
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c radent iedanenwaliaficgentereleginedtelassenbl y 86 whi ch

it Sel f Fevlg iisctron® a%ahéﬂﬁﬁéérhéd' uﬁ@a&' §uude assembly 86. Electrode 4
counter-electrode 14 whjch itsel
35 ¢ é’ﬁ‘feﬂ s é:ppger]tq:&qliw inside the guide assembly 86 whlch itself extends

concentrically inside counter-electrode 14 which itself extends concentrically inside
body 2.



body 2. -7 According to a preferred enbodi nent of the
i nvention, working electrode 4 is insulated fromthe
el ectrolyte by being introduced into a sl eeve 108 made
of a non- conductive materi al %ych as glass and only
the end part of electrode 4 in'‘immediate proximty to
the working zone is exposed. This thus guarantees that
the ratio between 5 the surface area of working

glureg;[:gftz%or‘blrtadtocao&ﬁje‘ﬁted‘@rﬁ d r{tgntg)lf ?r% Jt\?é%gﬁ 0% ntg ﬁ??cﬁrode 4is
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t hesuwadas fremdbe etsicyolyte by tmnq ngpeyaedyntb avgleeveyifi8onadeyof a non-

ofcohBEctoE Aeited| sdcHl89glagOahddhly m}icﬁﬁéf'ﬁoftﬁ@éﬂroﬁe 4 in immediate

accor di nﬁ)( Y the 1 nvention can
s FPHTEI et 16 WATINg ZeMreve expoes. T@ﬁﬁtays Qﬁﬁr%a%s fhgt the ratio between
5 i niseibafacecaréd ef M@ﬂkkig@ect@b@@tlﬁ QORtast \f/lftﬂtﬁbteih%trolyte and the surface

I d | d
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ptiibén:tmt t¥g talfy |ﬁtn6>achﬂt‘h§ heade! echs @.hw/ﬁwf ﬁ@@rem %e’éﬁng b8dy 116 is
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gkay e 56a of perlstaltlc pump 54 takes the electrolytic fluid into a tank 120

whereas stage 56b of said pump 56 evacuates the used electrolyte to a tank 122.




wher eas stage 56b of said punp 56 evacuates the used
electrolyte to a tank 122. -8 Mditor 36, controlled by
conmput er 100, drives the working electrode 4 in
rotation. This driving in rota%;on ensures nore
regul ar machining and better flow of the electrolyte
in the area of the working zone. Finally, the
machi ni ng head assenbly 1 which is inscribed within a

rect angh&os %ntr@leg%ktq%ﬂw u'teEq%O' th'é‘s%g r%hn:gaé?e&%de 4in
noved in 5 three nean
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solution could consist in placing a heating body al
around body 2. -9 CLAIMS 1 . Chem cal etch assisted
spark machi ning head, characterized in that it

i ncludes a body (2) through whi ch an el ectrode (4)
extends and whi ch defines a 5 counter-el ectrode (14),
extending radially around the el ectrode (4), said body
(2) including nmeans (6) for feeding an electrolytic
liqui@sento the space delimted by the electrode (4)
aé%ﬂéﬂégcounter-electrode (14). 2. Chemi cal etch

assi sted spark machi ning head, characterized in that

it nC|1Ud@fﬁe%lé‘eﬂ’Hf&:ﬁ%’ssi@te@%éﬂ@ﬁaétﬁ@)\%ﬂéé rtgtgfjac erized in that it

radi al |y around an el ectrode X|a
eHYHEES 3 hagdyde) Braygyvhigh an §'SFt6°d@o(&9/e’6t2§‘dﬁ mct walehglefnes a
meadstel-Blkcirede (ﬁae@xtwda@ redigbt areliyd the diddiviad wts,eldttlaey (2)

SRS fiifine s ) e ttﬁww%a{fﬁt%@@afedthﬁgp%e deliifeg by the
1 etsctrede ¢Handdhecountet-electtodat(14t al so i ncl udes neans
(6) fo eV%‘F\‘éﬁ'ﬁéeﬂ h%@su@te@&ﬁﬁﬂtj r%ﬂgétﬁmlté ﬂ«%&j cﬂgta% erlligr? in that it
I 'ng

chln acco
c mtw@e @rqopaterielpcirage (W@”éﬂ@%ct fedlajly erousd @orkedtode(#)oand axially

r @hgage% |B§|§§b%fodk/h@nsélﬁ‘§oﬁ ey W\‘d!d?NHd ﬁegnso{ﬁ)?&'fgedlng an

ceehehie wemetes?saé@”%e%m o Blcko0R () 460 YR oSl
(863):tr6d)é (tdhe eI ectrode (4) is axially introduced into

h . I ni head, . .
accor ot A MpeRrEEed Serdino E e % Mg R g nat it oo
on“e:mdtehrmﬁg!h ﬁ)cfpee\(amyttlrfgﬂtefewtmtygc tidned efterciseol yti c
liquid s ma‘%ﬁi‘ﬁﬁﬂg He‘&d%{&@orﬁﬂ@to CR) 35%% ﬂ@{fed( égh@t the electrolyte

conmuni catin east “one throu
i fVagiatien fiew éeteé‘-t greates han tbe_lteect/ﬂ%wte plswdlig electrolyte

communi gat &fackining retadlaea@tjmgrte ah{ bpélglhtshptcﬁt (B4Dacterded in that a

| BulBSaPi #03 TR et ¥ erdhis i e e sonipr

i mlectrade @43econd hole s pierced in the body (2) (46)

for evaguaping ntn?%e%h %%E(Srgi éttb %Iatrh %utlgaﬁcctgt %drm tl?aé (ag@ast one

communi cat |
s fireugivlgle (%% f@trfaedlhetheoelmt@tytwétwdﬂe pigtced iajhe @dy (2) said hole

NM'CBhﬁngﬁt%%ﬂ Wt‘tﬁ Qf Fé'a@tgortte‘%h@u@h 'Fi%leG(GQF mane in the counter-electrode
a rized t hat enbl y é 36)
Ch S LB Comuniaies i Seshass Hipeeh pekiShidiadegn dhe guide

t bssepety (85) fdrhes elettreden@he (90) for the passage of the
el ectro i_nternedi ate Ep cer

6). ni d
it onfy WERaRRS R8sk aR b Bhin BhA%Euetzed it = S8Cond hoie
gisirdémagd of the tbedﬂiéd'ﬂ@)ddeeva(caat;ngahe ieletcerplyticliquid; shidowole (46)

( g%ntuﬂlcm itﬁ be aﬁﬁulgr %% tdei?r‘?lﬁeé Eggéétg iots]g '(?8%)%4(919 counter-

@lerce bei ng place en the
aﬁ'@c oRe {1t er medi ate spacer (96). 35 9. Machini ng head

accor di ag M@cﬁiﬂMg eal |a@<bdf§|nb td @Iaﬁ’ns @ Bat aHaPadt&fdiiMthat the
t S&Ee assemtﬁy ?é:Bt) mc%deg a} Ieast one élut out base clttsc (8%) having at the centre
thereof a hole (90) for the passage of the electrode (4) and an intermediate spacer
(96) pierced with only a central hole (98) for the passage and guiding of the electrode
(4), an intermediate tube (92) in which the said at least one through hole (94) is
pierced being placed between the base disc (88) and the intermediate spacer (96).

9. Machining head according to any of claims 1 to 8, characterized in that

the electrode (4) is a cylindrical rod.



-10 10. Machi ning head according to claim9,

characterized in that the end of the electrode (4) is

flat, cut into a point or bevelled. 11. Mchining head
accordlng to any of clainms 9 or_10, characterized in

that the dianeter of the el ecﬂ?ode (4) is conprised

between 0.1 mmand 1 mm 5 12. Mchi ning head

according to any of clainms 9 to 11, characterized in
fﬂaf:on: ggt ?\haec h\lrfbﬂr?eaﬂjd'e}ccbﬁhﬂ e%:ﬁh}% cﬁgra r n%e ngn%é{t th end of the
p(ﬁﬁqtr@ﬁe(ﬁ@ Baff cutido a\eadmianibeeelledad according to claim

12, chanachgichf ﬁéédti&érdﬁﬁélllqo@n?%? EGfs 9 M) 'c§1aracter|zed in that

mtrgduced into an electric nsul ating s

fs§iameter pf thenglegiraser(d) 'ﬁ@awpaé%b@men 4 'Bffh@ﬂﬁ mm

5 char actier i athinihgt id afob@rdmget@tarn%ecta(n@ 9 k1 ﬁ%h%tenzed in that

L ) R B0 B B e S8 M SRR e over

head padortbiénagf.t o cl ai m 13, char acterized in that it

is als [ e

VBChi nlqng hmei\ g%ﬂ@%agrgcgor% r@%%’laﬂ%ﬁ% cha]rgctéﬁit’ed !Tg'lat the electrode
ciﬁé)r'amt@ﬂu@%ulntwrtelactrlcalhrenwlas@grsme«nqa4s made of

10 stainl ags Ma%ﬁimr%rhéa'd%%&r%ﬂ?f té%lalrwﬁ@hbﬁﬁrﬁ&epféﬂqn that the electrode
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accor di ng to. any "of clainms , characteri zed

rc@t's Coqted Mith dleGircaly n%rcomlvwothe '%EF'%téE”rtBIe}‘i"@g by the
preiamtrolytbcplmeluctw Machi ni ng head accordi ng to any of

| ai tQ, 10, . t in.t

body (176 MR RsBFeEH ok Elp i d3) cheleriPrg el it s iso
elirdtoduegd/inte a onetdidubenachi ni ng head (2). 19. Machining

head aggor ﬂﬁa‘&glntn HE3Y Eorﬁ| Jgggiggaﬁﬂr%gﬁ:h% h l%rc{e%l%id in that

in that count er - eectr as at It's
|th%%l?‘af°d§déb'3@7@f}e ofrpeainipgesteph@itergstery.  Machi ni ng
head aggor G’Aa%ﬂlntr@ rfelaaldﬂfbéramgqs@hﬁﬁ 8bimiefltd 15, Ichatactdi®ed in that
q ted‘;ﬁsZS efectr? é%%% as at its base a
tIRags TaeRns ferbgating & weetr ﬂ?\ﬁg%@ US$1. Machi ni ng
head ad8or Machining reay aaﬁordlngltrmn}lot caizt 1 whil, abh@ciezieed in that

o3 ety b*’&y(dﬁi ¥ aiahdPor PRS2 meff A0k e
SII)GCB@iﬂQg"Q?dr(ﬂ cted at a f| rst end to the through

hol 4,
( gsgsagg Sg%)@%mﬁﬁgweggra?gct)rgﬁxgqagnﬁ Bf‘jcl%i?’n% & ‘FS’V‘&hérta@@ﬁ%d in that

PHRY-SIRAYat Lo Mas Rgits Based C'é?“'%leﬂﬂ%'f'@ '@%mgq inwards.
char acrer i Medhinihgtheall actdrginglteefairRde, {bradtorizkliiy @at the counter-

o lePlrbdd 3 s AT bt f BR AN Bp bR B P e
(4) i s2abl dlachinimgueadyacadriing t@ dny bbdaimsi hip 2 abaracterized in that
aﬁ%&ie@@w%glp%g %rrfb%g @%aﬂ&%@éé@ﬁqg !\& ttrtu@élebtrrc%te said two

i ncl udes nmeans
aRiPgs (55 S4bbeing cornectnd atradirat wtpd@%tr\fqggh holes (44, 46) and ata

second end to the two stages (55a and 56b) of a peristaltic pump (56).

22.  Machining head according to any of claims 1 to 21, characterized in that
the electrode (4) is driven in rotation.

23. Machining head according to any of claims 1 to 22, characterized in that
the electrode (4) is able to move axially.

24.  Machining head according to claim 23, characterized in that it includes
means for measuring the axial movement or axial force exerted on the electrode (4).



