; e3eDi Df 44006f THP24 Juty 2002 - 1 BACKGROUND OF THE I NVENTION Field
of ‘the ‘I nventi on The present invention relates to an el ectrode f & 002
el ectrolytic dressing grinding, nore particularly to a renovabl e eF rode
whose surface can be exchanged in a short tine. Description of the Related
Art In recent years, with devel opnent of iscientific 15 20 25 technique, a
demand for superfine processing has rapidly escalated, and as mrror

surface grinding nmeans for satisfying the demand, an el ectrol yti “\\“\
i n-process dressing grinding m%@l D rpi i met hod) has @W“‘\"\\\“\m“‘“‘“\“
devel oped, and presented by the i et . ("Tren %,es
Technique of Mrror Surface Ginding” of leen synp03|un1held on Nhrc

1991). As schematically shown in Fig. 2, the ELI D grlndlng met hod |ncludes
using a conductive grinding , rode in c mwy mm

el ectrolytic grinding; dispC D e to the j ”mm
wheel via a gap; passing a conductlve I|qU|d 3 through between the grdobgh-Ng
wheel and the el ectrode while applying a voltage to between the grinding

wheel ¢l a”i:kﬁﬁ_ﬁﬁﬁib%Egig%hﬁgggﬁS‘”9 t he grinding wheel by electrolysis;
and sinmul t aneousTy uly

The present invention relates to an electrode for

electrolytic dressing grinding, more particularly to a
removable electrode whose surface can be exchanged in a short
time.

10

n he R
In recent years, with development of scientific
technique, a demand for superfine processing has rapidly
escalated, and as mirror surface grinding means for

15 satisfying the demand, an electrolytic in-process dressing
grinding method (ELID grinding method) has been developed,
and presented by the present applicant, et al. (“Trend of
Latest Technique of Mirror Surface Grinding” of Riken
symposium held on March 5, 1881).

20 As schematically shown in Fig. 1, the ELID grinding
method includes: using a conductive grinding wheel 1 instead
of an electrode in conventional electrolytic grinding;
disposing an electrode 2 opposite to the grinding wheel via a
gap; passing a conductive liquid 3 through between the

25 grinding wheel and the electrode while applying a voltage to
between the grinding wheel 1 and the electrode 2; dressing

the grinding wheel by electrolysis; and simultaneously



-2 grinding a workpiece by the grinding wheel. That is to say, in the
gri'ndi ng nethod, the netal bond grinding wheel 1 is used as an agqﬁﬁyzddyﬁ
el ectrode 2 di sposed opposite to the surface of the grinding wheel Via the
gap is used as a 5 cathode, and electrolyjic dressing of the grinding wheel
is performed simultaneously with a grinding operation, so that grinding
properties can be maintained and stabilized. Additionally, in Fig. 1,
reference nuneral 9 is a workpiece (material to be ground), 5 is an SLID
power suppl9rimding aa 100 pReece upyl Yheregberdingdilze¢s. a Bozkl ésofot hay,
conducive solution. In this SLID grinding nethod, even when an abrasive
grain is fihe thaadgindtnaguahaet, i sheraetal Pondughiedteyrohgeicldiessing
and prevented from bein | ogged. 15 Therefore, with the fine abrasive
grain, a protedsad %%r?gﬁéereg%?k%b??tgﬂﬁ%r?o?1$P?%e% PPPPetteutPakhecan be
obtained by a grindipg process.. Therefore, . in the ELID grinding mnethod,
shar pness of“% C%r?ﬁd@ﬁ% %ﬁ%%@l?%wVQﬁFLaYh?af%%dg%Bthso?sﬁ?gﬁgyaefficient

i ndi d mi f i ndi ng, d 20 th thod. is. t to b
PPl i el t 0 RIS G FEE Prohestaet B n B oo BB 1 B LPALFE SERRONIS
precise surfacg?in i ch_has been.inpossi bl

h i N
convent i onaf€ar¢t™ ﬁi‘ %H@%‘f%’i’%ﬁé%wg%%? St F N n%‘?eﬁaﬁ'b{)’gf aﬁBn{)}&"ﬁEnt of
i ndi . i i i i 5 t f f th
cathode bodt SETLUP S AR FEICL! En e HEPORLL ol LOCRRHILERS O e Bnode
b d i | at § i nci d i whi ch
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material . Sg%gm d&p%ét%lﬂﬂfﬁ&l)e’ sair f acg, %Lflﬁ'&)&ﬁéf‘o Qﬁi’oasci)grpgsi tion

close to th a pure met n principle, conductivity t lost.

Howeves, wheddhes i I dhdmshng a‘indprﬁcle@sai&opﬁé 0f Fregh OVESn@n L PRY ti e,

foll owm ng probl ens woul d-occur. 1. The gap between the cathode and the
grinding whgglytiisodfilled with the deposit, the surface of the el ectrode
beconmes irregular, and electrolytic dressing of the grindi ng wheel becones

unstable. 2. A suffigientsampuntgeindbhgriadhog, sebehi ohesannobbshgadel y be
supplied after a long tine. To solve the problens, in the conventional art,

t he apparatgsamould hienst oppedyemedngevesal Taydrdabodittioneudle® seven
days), a distance between the el ectrode and the grinding wheel is enlarged,
or the el ectyaxderalsyiriermoimess  yrom artd tdves wpplagdit isom dvedi idnec begosdt sti cki ng
to the surface of the electrode is renoved wth a sand paper or the |ike.
As a Iesul tThdmtever, Width cviendf otcherbmrblensraboul da geeeres3ed Asuappee at us
mai nt enance tinme is | engthened, continuous operation is |limted and
operati ng efdmadikatoyy | SURRIE Iy oridteech mirror surface can be obtained by

a grinding process. Therefore, in the ELID grinding method,
sharpness of the grinding wheel can be maintained both of
highly efficient grinding and mirror surface grinding, and

20 the method is expected to be applied to various grinding
processes as nmeans able to create a highly precise surface in
a short time, which has been impossible in a conventional art.

In the aforementioned ELID grinding, a metal

component of a grinding wheel bonding material is deposited

25 on the surface of the cathode 2 disposed opposite to the
metal bond grinding wheel 1 as the anode based on an electric

plating principle, contrary to an anode reaction which is



20 4. After repeated nmai ntenance, an el ectrode surface shape changes, the
entire el ectrode needs to be exchanged, nuch tine is therefore rﬁqﬁ}rgﬁb{(n
changi ng the el ectrode and readjusting the entire apparatus, andt éy
operating efficiency is further deteriorated. Consequently, an ELID 25
grinding effect cannot be maintained duridg continuous unmanned operation,
and it has been recognized that these problens have to be overcone for
conpl ete automati c operation. 4 July 2002 _ g _ SUWARY OF THE | NVENTI ON

The present eil@\e%%ilg@iEa%lka@&rioﬁewl epad gkenaehye whie 1P ekl ey mlst&%trii §.to
say, an object of the present 5 invention is to provide an el éctrode for

el ectrol ytic dressirgndd MHeNBepds Whicsh teeR UMt a FeReS ediidde HaON a
cat hode surface the cathode surface can be cleaned in a short tine, even

after repeatedonpesaniehectibede tshapatdogsanpurehangal andpannShibDegri nding
apparatus can therefore steadily 10 be operated in an unmanned manner for a
long tine. Actduditngity tisenptedest.i nVewnkiver, wWhehethe BLIV dednding
renovabl e el ectrode for electrolytic dressing grinding in which the

el ectrdde i prdicepesed pppdsriedt ovarprodesagi hgnseyr fatéoafing penbdletisve
grinding wheel via a gap, 15 a conductive liquid is passed through the gap
to apply a wohtldgectorthelgaffhet bepgbetdery wheekaitbodeessddthg grinding

el ectrolysis and a workpiece is sinultaneously ground, the el ectrode

conpri si ng: waeeédl ést fodeéeduppsht tirendepogll) hhei syrdaser bdicehel2a)

di sposed opposite to the processing surface 20 of the grinding wheel via a
const ant gapgleateedgubecometoilkregu)ladet abHablpchrraghed tlveandngl ofigthhe
opposite surface of the el ectrode support nenber; and a conductive term nal
(16) for costaBing vheedoR8GEMPFeUPSERPLE - appl § FHELIBEEAFeaOURKeOT
conductive foil. 25 According to the aforenentioned constitution of the
presert? i nvERELPBANISSACBLERB EPBEPFodECEdppYr PenERBBL 1eA2R LG pROVPHEC Wit h

t he opposite surface glia), &he co Tuctive fogl 4 Julg 2002 - 5 can be
di sposed oppd®fte £8 FREVBrb ESQFH§ §0Ff atB bPet ABNUBRELEPRVe2GFY nBPRg
wheel via the gap,sinpl ay attaching the_conductiye foil %%4@ to ang al ong
t he oppositépggfggﬁﬁvg?ﬁé ePSrE?OPHeghF¥e§¥aF8YeF?YiQaﬁﬁsé PBL 81BeFPor m
the 5 electr tic_dressing.grindin ELID grindin by appl.yi t he
voltage to F%gggoﬁaﬁéffvg g%gﬁagfs %ﬁéwégﬁdgé i%%egéFﬁ¥ﬁaFR?1%$g passi ng
the conductjy QZH I gnbhroygh.hetyeen tRe cRAIUGLEYE ﬁ I} sand, Lh
conducti ve r?ﬂ ?n mﬁegp, grgss%n f he gr?nging mﬁeg 8bysePe%%r§Fy£Fg? and
15 the apparatus, and the deposit sticking to the surface of the
electrode is removed with a sand paper or the like. As a
result, however, following other problems would occur. 3. An
apparatus maintenance time is lengthened, continuous
operation is limited and operating efficiency is deteriorated.
20 4. After repeated maintenance, an electrode surface shape
changes, the entire electrode needs to be exchanged, much
time is therefore required for changing the electrode and
readjusting the entire apparatus, and the operating
efficiency is further deteriorated. Consequently, an ELID
25 grinding effect cannot be maintained during continuous

unmanned operation, and it has been recognized that these

problems have to be overcome for complete automatic operation.



10 sinmul taneously grinding the workpi ece. Mreover, the conductive foi

(14) is detachably attached to the opposite surface of the el eCt&ﬁﬂRjZOOZ
support nenber. Therefore, even when the deposit is built up on the

el ectrode surface, the electrode surface can be cleaned in a 15 short tine
simply by changi ng the conductive foil.-Fdrthernore, even when the
conductive foil is repeatedly exchanged, the el ectrode shape does not
change, so that the ELID grinding apparatus can steadily be performed in

t he unmanned manner for the I3ﬂ##%%ggé%%g%ﬁgggégﬁsguﬁg a preferred

enbodi ment of the present inv : il (14) is applied to
the opposite surface (12a) in a single layer or lamnated | ayers. \Wen the
conductive foil is of the single |layer, the conductive foil can be

exchanged and the ehggt gq@%ew fi%%n%gosaﬂaeeb%%agggre@_r(x%dbxosts@mi ng the

conductive foil (14) fromthe el ectrode support ne and attaching

anot her newgggn [ foilp Qe gl ro t r uly 2002
- 6 Nbreovggg g%g%u¥ﬁg,conghgtﬁeet?o??ylsggféﬁEF?FpPgEFEEePgéséﬂg surface

conductsi ve fiaibnpibh §hetdepesivt gkhaheaneksr8HBPEY rstikbpped){Eom the

nmul tiple layers, and the underlying conductive foil is in tufn disposed
opposi te todiB8s®n r%?@ﬁéﬁﬁg,sﬂhfﬁﬁﬁcﬁfebéﬁ @ORHUSt H¥Bo g ENELRYtWhgebnVha
the gap, so that ELID grinding can be performed. Wen the conductive fol

(14) is foreedhbleashapecehape, ckhBogenduethve £ahl pkscpeaherabhya short
intermttently or continuously noved al ong the opposite surface (12a). 10

In this constmbyt eoan afpert repeatetiheseondueleverbakl shwaph tibesdapesit

built up thereon can intermttently or continuously be replaced with a new

porti on on whiobepoaddpsesi ELIP buihting, appdréhesEceD ghendifogeapparndtiliy

can steadily be operated in the unmanned manner for a long tine. 15

Fur t héPnor ebet hpeebtetr bdeasuppoehnaenmbannét2forsapteher tbing.f or mred of an

insulating material, and may be provided with a guide groove (13) via which

the conductive foil Acsomgdiall yogihdegpraseny thueopposit €heuef ase (12a).

According to this constitution, while the conductive 20 foil (14) is

di sposed oppvsevidedoat hemprabéesehgcsupfiacéonfet hetrohnitci deepoingon of

t he thereon can be groove (.13 ) ._ 25 Oher invention will with reference

grindi ng wheeingindt ke ebhshahbegapectredeohdiudi sResedi PrRpEhtehkodeposit

il repl ith the n rtion, vi h i
bui 1t up eBrggggs¥%a s&r?acgmggoatEgndxégigeeggfhgﬁng wheel via a gap,
15 a conductive liquid is passed through the gap to apply a
voltage to the gap, the grinding wheel is dressed by
electrolysis and a workpiece 1is simultaneously ground, the
electrode comprising: an electrode support member (12) having
a surface (12a) disposed opposite to the processing surface
20 of the grinding wheel via a constant gap; a conductive foil

(14) detachably attached to and along the opposite surface of
the electrode support member; and a conductive terminal (16)
for contacting the conductive foil to apply the voltage to

the conductive foil.
25 According to the aforementioned constitution of the
present invention, since the electrode support member (12) is

provided‘with the opposite surface (12a), the conductive foil



obj ects and advantages of the present be apparent fromthe follomnng
description to the acconpanyi ng draw ngs. 4 July 2002 BRIEF

OF THE DRAAWNGS Fig. 1 is a schematic view of an ELID grlndlng appa

5 Figs. 2Ato 2D are structure diagrans of a renovabl e el ectrode for a
strai ght grinding wheel according to the present invention. Figs. 3Ato 3C
are structure diagrans of the renovable electrode for a cup type grinding
wheel according 10 to the present i nventi on. DETAI LED DESCRI PTI ON OF THE

PREFERRED MG f I
E{X@Gg here? fet S p\ﬁt ed 160dll TRl §,Qfc NG R €363, JNYGNLLQN W

15 be desc h Teference to the acconpanying draw ngs.

Addi ti onal loyn @ RN @ SR W2 NG iE$PRCIaYE An@dRAmE, lag t%%rt‘ﬁ‘n%d t‘f‘f‘et h

the sane reference nuneral, and redundant description‘théreof is omt

Figs. 2A t@o2Rudke vt rf‘eb(itll”(e..40J' ay R @l g eHRY IR s3Q celsegirede fOf a
strai ght grinding wheel according to the present invention. In the

drawi ngs, Rhgrezdrehows aHfiis sttaemhoditmant polsisdb12B tshees fa raeeeRd
enbodi ment, Fig. 2C shows a third enbodi nent, and Fig. 2D shows a fourth

enmbodigrent elé&t&erWllcn dirie@$-i ndA gird ndBn IEQJIIIW@Qh%th@Qt bydepdd yahgt he 25
present invention is di sposed opposite to a processing

the voltage to the conductive foil via the conductive

terminal (16), passing the conductive liquid through between

the conductive foil and the conductive grinding wheel,

dressing the grinding wheel by electrolysis, and

10 simultaneously grinding the workpiece.

Moreover, the conductive foil (14) is detachably
attached to the opposite surface of the electrode support
member. Therefore, even when the deposit is built up on the
electrode surface, the electrode surface can be cleaned in a

15 short time simply by changing the conductive foil.
Furthermore, even when the conductive foil is repeatedly
exchanged, the electrode shape does not change, so that the
ELID grinding apparatus can steadily be performed in the
unmanned manner for the long time.

20 According to a preferred embodiment of the present
invention, the conductive foil (14) is applied to the
opposite surface (12a) in a single layer or laminated layers.

When the conductive foil is of the single layer, the
conductive foil can be exchanged and the electrode surface

25 can be cleaned only by stripping the conductive foil (14)
from the electrode support member (12) and attaching another

" new conductive foil to the electrode support member.



surface la of a conductive grinding wheel 1 (straight grinding wheel in
thi's exanple) via a gap. This el ectrode 10 4 July 2002 g _ iEJLQIZdQ?E
in electrolytic dressing grinding in which a conductive liquid is pdsse

t hrough the gap to apply a voltage to thebgap, the grinding wheel 1 is
dressed by electrolysis and a workpiece is sinultaneously ground. In 5 this
respect, the electrode has the sane function as that of the conventional

el ectrode 2ysPOWeiN fhén dhe! AohBEcEivst srpodl n@Pthitgﬁ ?ﬁe%%e the

De
renovabl e el ectrode 10 of the present invention is provided w

el ectrode sypppide NESHQcL2ve COAIUCKIVE 08! addoand éﬁeﬁ@&ﬁméiymscrm nal

16. The el ectrode support nenber 12 has an opposite surface 12a i's

di sposed oppesigsed Orthe PHOCRSSENGISUIEPERs 1aa08 the std&d ppingri nding
wheel 1 via a constant gap. The constant gap is, for exanple, of the order

of 0.1 15 n@aidud: BremfoMbr eoven, tihe @lesésodeospppors remaes Z2 is
preferably fornmed of an insulating material (e. g., plastic). The

conduchi ve poiddedsling shet bababdy tlité acdredid ol wddgal wdind hehe@pposi 4 ecisalr f ace
12a of the el ectrode support nenber 12. This conductive foil 14 is a foil,
for exanpl egaR0 s TopperlIDrasspdahancamnpe goddfostednl ess steel, or the
like. A thickness of the conductive foil 14 is arbitrary, but is, for
exanpl e, of the ordéhenfthe epnduotbveViail (14) is formed in a tape
shape, the conductive foil is preferably intermittently or
continuously moved along the opposite surface (12a).
10 In this constitution, a portion of the conductive
foil with the deposit built up thereon can intermittently or
continuously be replaced with a new portion on which no
deposit is built up, and the ELID grinding apparatus can
steadily be operated in the unmanned manner for a long time.
15 Furthermore, the electrode support member (12) is
preferably formed of an insulating material, and may be
provided with a guide groove (13) via which the conductive
foil is movably guided along the opposite surface (12a).
According to this constitution, while the conductive
20 foil (14) is disposed opposite to the processing surface of
the conductive grinding wheel via the constant gap, the
portion of the conductive foil with the deposit built up
thereon can be replaced with the new portion via the guide
groove (13).
25 Other objects and advantages of the present

invention will be apparent from the following description

with reference to the accompanying drawings.



In this exanple, the conductive termnal 16 is fixed to the el ectrode
support’ nenber 12 with a screw or the like 25 so as to contact t

conductive foil 14. A negative (mnus) voltage is applied to the @@M&SB?lve
termnal 16 froma power Supply (not shown). Additionally, in this exanple,
a pair of 4 July 2002 - 9 conductive termnals 16 are attached to upper
and | ower surfaces of the el ectrode suppoft nmenber, the sane voltage is
applied to the conductive termnals, and a vol tage between the conductive
termnals is equalized. However, the 5 conductive termnal 16 may be

di sposed on either one surface. Mreover, different fromthe enbodi nent
shown in the drawi ng, for exanple, the conductlve termnal may be passed

t hrough the el ectrode suppeIltrneRbeKrIi act ppAgTgeaducti ve foil 14.
Alternatively, a part or the whole of 10 the electrode support nenber 12 is
constituted of a comﬂgctnvesnatEChamataadvaewabf g@h EbeDefechaordg support
menber is brought in contact wwth the conductive foil 14. In this case, the
conducti ve apparamhsmay be omtted. Furthernore, in the first enbodi nent of
Fig. 2A, the 15 single-layer conductive foil 19 is applied to the opposite
surfacé 12a of the Eligstrddetsuppoatenehbectile usi agramseadvablemadbieséve.
According to the aforenenti oned constitution of the present invention, the
el ectrode seppottodenber 42sisal@hiprovidedngwiedheoppoding surflace 12a.
Therefore, when the conductive foil 14 is applied to and al ong the opposite
surface 12apresentohguertienfoil 14 can be di sposed opposite to the
processi ng surface la of the conductive grinding wheel via an appropriate
gap (e.g., about 0.Tigft8R0t8 Af)aressTheckrbeediaaranssobtbhe, the
voltage is applied to the conductive foil 19 via the conductive term nal

16, the con’a%@wfél%%Ih?@tr%d%a%%opthbufgs%ewmﬂ%évmlquwlnm July
2002 - foil and the conductive grinding wheel 1, and the grindi ng wheel
is dr%gsed By BreRFersRt siPV@Rt PR he wor kpi ece can be ground with the
grindi ng wheel. Moreover, the single-layer conductive foil 14 is 5
detachably attached to the opp05|te surface 12a of the el ectrode support
menber 12 with t > bui [t up on
t he surface of the-e 7ot o e—tot s tget, and the
el ectrode surface can be cleaned in a short time S|nply by

Preferred embodiments of the present invention will
15 be described hereinafter with reference to the accompanying
drawings. Additionally, a portion common to the respective
diagrams is denoted with the same reference numeral, and
redundant description thereof is omitted.
Figs. 2A to 2D are structure diagrams of a removable
20 electrode for a straight grinding wheel according to the
present invention. In the drawings, Fig. 2A shows a first
embodiment, Fig. 2B shows a second embodiment, Fig. 2C shows
a third embodiment, and Fig. 2D shows a fourth embodiment.
As shown in Figs. 2A to 2D, a removable electrode 10 of the
25 present invention is disposed opposite to a processing
surface la of a conductive grinding wheel 1 (straight

rinding wheel in this example) via a gap. This electrode 10



10 stripping the conductive foil 14 fromthe el ectrode support nmenber 12
and att'achi ng anot her new conductive foil 14 to the el ectrode su&)‘qﬁ@tzooz
menber. Moreover, even when replacenent of the conductive foil 14

repeat ed, an el ectrode shape does not change, and an ELID grinding
apparatus can therefore 15 steadily be opgrated in an unmanned manner for a
long tinme. In the second enbodi nent of Fig. 2B, the el ectrode support
menber 12 is formed of a thin (e. g., 2 to 5 mmthick) netal plate, and the
singl e-layer conductive foil 14 is detachably attached to an inner surface
(opposite stFf il @%e12%)e%$CFﬁ%l%¥é%t?6%§Sé%%p%?%nﬁ%m%e¥nvW@hC@h@

adhesi ve. Mdreover, in.the. present enbodi nent, the grinding wheel 1 is
encl osed wi ff" uEﬁ%ﬁ%i%bqﬂh§e+scB@%?g€7F %ﬁﬂg?r&b%ﬂékﬁr%ﬁl RRpYort menber

12 i det h tt dt i . f f. the, i ndi I

with a bor YoLriEf TS RS S3na bl GTTAR LA etk | Do FLOLeR Y S  hat ot
the first enﬁgd{ggft.iAccordipg }? thés fongtit tion s'nilarlxdas he
first embodf hEntTOtHE! Tomdcti Vo FRIFCT ot ¥ s> HShie bpbhsfiaida sty 2002

- 11 th ' t ' i, .ndi wheel. via th
appr opt at oo (oo EPupthit “BEe Brfie BEs RS St Sl B R b et Fi o
d db j i kpi : d 5 M :
Sinoe the of sor et EtEalisl | B e e P hehed o the 1 hner
surface of the gringjng,uhe o¥fbodmehPeo L?férogg'syﬂgof§m§§%$f£ 12 is

b
det ached fromthe cover, ang ?Ee conéuctlve 14i's sinp aced with

anot her neve FoBdugdd veo for | ¢ ’pJ.S@séll{'@tiﬂ@@réGP%ufét o ulel s GRnagasi |y

be exchanged. In t ird enbodi ment of Fig. ' e conductive foils 14

are | ani nat et Anech @ t FONkénb e PPPOSHAGuSHIACk 1P Hfafdhe el ectrode
support nenber 12. The other constitution is simlar to that of the first

enbodi pent . cdRafeedrdi ferhOnd hi seconstituti on, when the surface conductive
foil 14 with the deposit built up thereon by SLID grinding is sinply

stripped, the undertyéngleondogeéi yepport Rdmbsrim thiaH shSpEsesippposite to
the processing surface |l a of the conductive grinding wheel 1 via the gap,
so that thes20fddd O g iwiehi clg Tand comd $ el obisbeys Diee pey fiadrargsk o dekek ingpnal |y,

in this case, when a thick conductive foil (e.g., 30 to 50 Nm) is used, the
gap bet weensthEaconduchf viehé ostrainght her pndioes sihep s ur feice dacoisigpitt y
changes, but the SLID grinding is only slightly influenced. Therefore, on
the same 253apndiThensonstamly gap chmt | tat | gxamnte,oldf nghe herdeot taed or t he

| i ke of SLID power supply, the ELID grindi ng apparatus can steadily be

oper ated i e heo vhimrmred éewreevenyr the ohkectrode support member 12 is

preferably formed of an insulating material (e.g., plastic).
The conductive foil 14 is detachably attached to and
along the opposite surface 12a of the electrode support
member 12. This conductive foil 14 is a foil, for example,
20 of copper, brass, aluminum, gold, stainless steel, or the
like. A thickness of the conductive foil 14 is arbitrary,
but is, for example, of the order of 10 um to 50 pm.
In this example, the conductive terminal 16 is fixed
to the electrode support member 12 with a screw or the like
25 so as to contact the conductive foil 14. A negative (minus)
voltage is applied to the conductive terminal 16 from a power

supply (not shown). Additionally, in this example, a pair of



4 July 2002 - 12 tinme. In the fourth enbodi mrent of Fig. 2D, the conductive
foil 19 is forned in a tape shape. Mreover, the el ectrode SquQRﬁﬁ%ﬁ&@fr
12 is constituted of the insulating material 5 (e. g., plastic), a I'S
intermttently or continuously noved between a pair of reels 15.
Furthernore, the el ectrode support nenber? 2 is provided with a guide
groove 13 via which the tape-shaped conductive foil 19 is novably gui ded

al ong the opposite surface 12a. For exanple, the guide 10 groove 13 is a
groove having, i:rcul.ar. ar ia i 0 of. i dth direction
of the tape-sdglﬁg&vc%on urg?ﬁn\claé%{‘]gﬁ? a%l9e ﬁ%%&%e%%ﬁ%%%rt ﬁg%o\gﬁgé%rte surface
12a. The othgrs St Y Oon i IJ8d R At et g fal T, e i_nent..
According to t al|s cons'tt!tteuﬁ oerslc,ﬁ; eécg1 ué{ti vtgmggirl’ gelf%ﬁnse irpral)?ceirar?%t ftlesnftly
or _cont | nueug)y P\ A ddiRu il AR PG 13, WL ol RO 1GANAUEIVR O T 1S
di sposed opposite to the processing surface of the conducti*ve grindi ng
wheel via the cophrRl QAR MIFRAE s WL 1headePadifevies , Dithlel up on a
portion of the conductive foil 14, the portion can 20 intermttently or

cont i rgiousloprdteRlcAcRI N A e P idRpoaed bhe eElthRrIhRdisNG Face .
apparatus can steadily be operated in the unmanned manner for a long tine.

Figs. 3A to 3C are Mdrdistar e dli Bis e ofrdnh e Hee i it 8l te Gowde ifrorthe cup
type grinding wheel according 25 to the present invention. In the draw ngs,

Fig. 3A shewawdnlg,f tfie redxetiptent ,thid ¢ondldcih®es tarsiixkah ariyodiempalsseand
Fig. 3C shows a seventh enbodi ment. Additionally, as shown in 4 July 2002
- 13 Fi gs.thidugh 3Ge tdleactenmicaivppelrec mentberlQ 2ot ot kenpaesethel nventi on

i s disposed opposite to the processing surface |la of the conductive

gri ndi ng weoeeldutt(ioep flojide 1dgr.i ndilng rofagalveilly, t hi paexampl eheviwhofllee oFap.
This electrode is for use in 5 electrolytic dressing grinding in which the
condudéX i ve thieqeile ats ogias seghpohnto mgimbtelre 1§ap st coappliyutled wdl Bage to t he
gap, the grinding wheel 1 is dressed by electrolysis and the workpiece is
si mul t aneowongugitdvied malte riileils eesheacparthefeltbet rddetirasiet seppame f uncti on
as that of the conventional 10 electrode 2 shown in Fig, 1. In_the fifth
enbodinentm@mbﬁﬁg}53hF0PH@tréﬁo@@@ﬁ@q§l@éﬁboﬂéelgoﬁﬂup%évﬁré@éﬁt1ﬂnveﬁﬂion
is provided with the el ectrode support nenber 12, conductive foil 19 and
conduct i ve ‘fdenicagie 16hersopgucdiiat tedeivappBey henBBiti2dhas the opposite
surface 12a which is di sposed opposite t.o theﬁg%Pcezfin%fs%ﬁface a of the

grindi ng wheel 1 viFAGHETHS an® JiF RS tS §&p s Fifor 2él(a , of
br of deabl y 2309057 Ta 41 SPRETERIRatRg At ori apoidedgto” fPRoppppETte 12 1S
surface 12a of the electrode support member 12 using a
removable adhesive.
According to the aforementioned constitution of the
present invention, the electrode support member 12 is
20 provided with the opposite surface 12a. Therefore, when the
conductive foil 14 is applied to and along the opposite
surface 12a, the conductive foil 14 can be disposed opposite
to the processing surface la of the conductive grinding wheel
via an appropriate gap (e.g., about 0.1 mm to 0.3 mm).
25 Therefore, in this state, the voltage is applied to the
conductive foil 14 via the conductive terminal 16, the

conductive liquid is passed through between the conductive



The conductive foil along the opposite surface nmenber 12. This conductive
of  copper, brass, alum num 25 |like. The thickness of the but i%uuﬁgﬁooz
exanple, of the 14 is detachably attached to and L2a of the el ectrode
support foil 19 is a foil, for exanple, gold, stainless steel, or the
conductive foil 14 is arbitrary, order of 10 ~mto 50 Nzn. Tn this
exanpl e, the conductive term nal 16 i sTfiRed 4 July 2002 - 14 to the

el ectrode support nmenmber 12 with the screw or the like so as to contact the
conductive foil 19. The negative (mnus) voltage is applied to the

conducti ve finmiam the fdomidie veowarinslip) wherat 1shaw) .crAddjtiirenald y, in
this exanple, 5 a pair of conductive termnals 16 are attached to opposite
surfaces ofwHded elseatrenteds kppeitedmmiarsid, hevisiane el wagapis@PRIdrede 0
the respective conductive termnals, and the voltage between the conductive
term nal s igroeguialwizad.tHdowenierdindhevhe@iduct i ve term nal 16 may be di sposed
on either 10 one surface. Mreover, different fromthe enbodi nent shown in
the drawi ng, for examEaven heltoormivoyliare gyrmomidumyi e fraislseld! tig ough t he
el ectrode support nmenber 12 to contact the conductive foil 19.

Al terrfati velatachapdmt adrtadheduicl ehef oppasid eelsentimate 1Q@ppdT ttheenber 12 is
constituted of a conductive netal, and a part of the el ectrode support
menber is ElQ@froden sspRcadt mamben e editdudinevaedheidives4, Thersforsase, the
conductive termnal may be omtted. Furthernore, in the fifth enbodi nent of
Fig. 3A tR¥erowhienglae deppsr te disd dttiilie Wroion Ihe sugdigidee@ft dhehe opposite
surface 12a of the el ectrode support nenber 12 using the renovable

adhesi ve. ACCEHOSG t &en&CRAHEHYR ifoidd CEonde erchemIsd t F&dytdsent

i nvention, the electrode support nenmher 12 is ZSS%rovided wi th the opposite

surface 12&1CFH&P&RosET Liién Efe R0t friefe ol ST#Tits tEPR iSddRtly &¥d al ong
e P95 SRR Rt RGNS Ie 1 A2, e Yispaoed, opigst e
rheel V12 WAL S AR A QLA 03 Bl i e
Conductiveeﬁ%%qu%% %%pp%@% member. Moreover, even when replacement of
the conductive foil 14 is repeated, an electrode shape does
not change, and an ELID grinding apparatus can therefore
15 steadily be operated in an unmanned manner for a long time.

In the second embodiment of Fig. 2B, the electrode
support member 12 is formed of a thin (e.g., 2 to 5 mm, thick)
metal plate, and the single-layer conductive foil 14 is
detachably attached to an inner surface (opposite surface

20 12a) of the electrode support member with the adhesive.
Moreover, in the present embodiment, the grinding wheel 1 is
enclosed with a grinding wheel cover 17, and the electrode
support member 12 is detachably attached to an inner surface
of the grinding wheel cover with a bolt, and the like. The

25 other constitution is similar to that of the first embodiment.

According to this constitution, similarly as the

irst embodiment, the conductive foil 14 is disposed opposite



5 conductive liquid is passed through between the conductive foil and the
conduct’i ve grinding wheel 1, and the grinding wheel is dressed BY Julv 20 2
el ectrolysis, while the workpi ece can be ground with the grinding mHeeP.
Mor eover, the single-layer conductive foil 14 is 10 detachably attached to
t he opposite surface 12a of the electrédélsﬁpport menber 12 with the
adhesi ve. Therefore, even when the deposit is built up on the surface of
the el ectrode, the conductive foil can be exchanged, and the el ectrode
surface cantde:kd garmsesdimg shiorfadé Mea s MPihe orddust IvPRinihdiigy wheel
conductive foil 14 fromthe el ectrode support nenber 12 and attaching

anot her newitonduetdperdmtiatld dap t be. @l ecdbade GLippmi ttoredise mm)Noraaver ,
even when repl acenent of the conductive foil 14 is repeated, the el ectrode
shape does it grhiandjeng arted hel £ldiBe ggeddonge boparal wsi cavh tlertgfore 20
steadily be operated in the unmanned manner for a long tine. In the sixth
enmbodi nent wirkhigceBan Hee corluedi ve foils 14 are |am nated and attached
onto the opposite surface 12a of the el ectrode support nmenber 12. The ot her
constidution is sinf¢egoveri hainot the ¢léchreddosiprort BSpecol2ihg to
this constitution, when the surface conductive foil 14 with the deposit
built up tHatesmapl FRtaghedity the simpry sirfagrd tHe Wderding i n~r
conductive foil 4 July 2002 - 16 14 is in turn disposed opposite to the
processi ng YRFAEOVEE of 7 1 H' & FREFTIEE gTURRA Hy Tt r 113/iis tdatapdied so
that the ELID grinding can continuously be perfornmed. Additionally, in this
case, when &R ttm%m\fﬁmc%wet%i<For(<§4<gt.l,vqaofq301 50 5L/ SR LY gkl ageth
gap between the conductive foil and the_ processing surface la slightly
changes, b Eheiie G MewisRPIECR s Dihntdy shithandde cadusGie  on
the sape conditions, or, by automatically controlling the voltage or the
like ¥4 thed Bl [§:adbv9é3r3%\.%ﬁ?‘§/,e’f "MSPD grinding 10 apparatus can steadily

be operated in the unmanned rmanner, for a | on jnme.. ln the seventh,

embodi nent of Fig. é%;gﬁ%eg%%ﬂau%T?@é§W%ﬁ? qﬂ %%gfcﬁ¢mqu?l??ﬁgﬁ%ﬁkY%hape.
Mor eover, the el ectrade s 0 r 1S, €0 1 tyted of t.he insul ating
mat eri al 1% e](les. elg% ,aofg‘i alsa?ﬁ%%éeadgﬁ |dsa al‘%‘tzaeérhn%{toeﬁch y%oer doé)g)rﬁsllnhcueoussl‘}r;/i:'I Froved
bet ween a j I T Qshdd utqion i idp to that of
the first gl?goa(r)ﬁrregnrfee ilce(]:éocrrd?dr%g étq%)ﬁﬁﬁtg cons%l":ltluét)'i onﬁ)etshgep'_ﬂc%ﬁlducti ve foil
14 is interdgdd@ntdes gi CONiMuous!to nouad petueens the RaidoAkdt reel s 15

whil e the conductive foil is disposed opposite to the processing surface la

of thes conductive grdighidthyhes! tiiyidoddier CONSERNtgaP. t DI 8ovelge When the
deposit is built up on a portion of the conductive foil 14, the portion can

i nterm ttemnddnauitiGaNtidiuous Yyixeh refd ategb it hhiai newdaiid@bn 25, and he
SLID grinding apparatus can steadily be operated in the unmanned manner for
a long tineyriAsiidesdrs bednmibo s, riggeat, ditie tundde yiarpwahidictive foil
14 is in turn disposed opposite to the processing surface la
of the conductive grinding wheel 1 via the gap, so that the
20 ELID grinding can continuously be performed. Additionally,
in this case, when a thick conductive foil (e.g., 30 to 50
um) is used, the gap between the conductive foil and the
processing surface la slightly changes, but the ELID grinding
is only slightly influenced. Therefore, on the same
25 conditions, or by automatically controlling the voltage or

the like of ELID power supply, the ELID grinding apparatus

can steadily be operated in the unmanned manner for a long



4 July 2002 - 17 electrode of the present invention, even when the deposit
is built up on a cathode surface, the cathode surface can be clg 2002 2
short tine. Moreover, even after repeated use, the el ectrode shape ‘does not
change. Therefore, the ELID 5 grindi ng apparatus can steadily be operated
in the unmanned manner for a |ong tine,eﬂ£d ot her superior effects can be
produced. Additionally, the present inv ionis not limted to the

af orenenti oned enbodi nents or exanpl es, and these can 10 of course be

nodi fied in various ways w thout departing fromthe scope of the present

i nvention. tEae.exanpl e, the renovable el ectrode of the present invention is
not limted to the electrode for electrolytic dressing grinding illustrated
in Fig. 1, and the Ipr edentfaumténtemodarenie off5 Fappl i28] tthearmprehedtirede for
el ectrolytic dressing grinding. 4 July 2002 - 18 WHAT IS CLAIMED IS: 1.
A renovabl goelledir ade foameel eat moltypiec stheeesi nogeorndirng the whiech rode

el ectrode is disposed opposite to a 5 processing surface of a conductive
gri ndi ng weeppbovitamempap, 18 dendoaituéultiequiod thepassedathngughteetwden the
el ectrode and the conductive grinding wheel to apply a voltage to between

t he ePectrddegandpriretéonduendyésgiintdirng tiksslly thecgnitidiungsiyeebvies
dressed by electrolysis and a workpi ece is 10 sinultaneously ground, the
removal el Betrede eoRpiis Pﬁgreﬁﬁseﬂéctréﬁétbﬁﬁﬂgr?rn§h6e51€$2¥0HQV|ng a
surface (12a) di sposed op €05|te to the processing surface of the grinding
wheel via &UBBAStaMEm™EEE; la éénHﬁ@F#@@dfU#Wh(§4ﬂué§?a9ﬁ8QN? a8t ¥éBed to and
al ong the opposite surface of the 15 el ectrode_support nenber; and a
conduct i ve¥ ﬁé?ﬂlﬁaﬁ £2Bp-FBAPEENFRRAPRG 1VRe TedAdLdt AvemPERP Y0 YHPPEG t he

volta eto he
g along the opposite surface 12a. For example, the guide

10 groove 13 is a groove having a circular arc shape via which
both ends of a width direction of the tape-shaped conductive
foil 14 are guided along the opposite surface 12a. The other
constitution is similar to that of the first embodiment.

According to this constitution, the conductive foil

15 14 is intermittently or continuously moved via the guide
groove 13 while the conductive foil is disposed opposite to
the processing surface of the conductive grinding wheel via
the constant gap. Moreover, when the deposit is built up on
a portion of the conductive foil 14, the portion can

20 intermittently or continuously be replaced with a new portion,
and the ELID grinding apparatus can steadily be operated in
the unmanned manher for a long time.

Figs. 3A to 3C are structure diagrams of the
removable electrode for a cup type grinding wheel according

25 to the present invention. In the drawings, Fig. 3A shows a
fifth embodiment, Fig. 3B shows a sixth embodiment, and Fig.

3C shows a seventh embodiment. Additionally, as shown in



conductive foil. 2. The renovabl e el ectrode according to claim1 20 wherein

t he conductive foil (14) is detachably attached to the opposite gHﬁiiﬁﬁi
(12a) in a single layer or lam nated | ayers. 3. The renovabl e eﬂec ode
according to claim1 25 wherein the conductive foil (14) is formed in a
tape shape, and is internmttently or contdruously noved al ong the opposite
surface (12a). 4 July 2002 - 19 4. The renovable el ectrode according to
claim3 wherein the el ectrode support nenber (12) is forned of an

i nsul ati ngpegter kgl roand i u kd (13) ¥ ' he
conductivngg%l ig ﬁ8v§gfyegﬁig§§°g?ggs %%gEgggggi%g gﬁrﬁggeﬁ?%§§?E

-ACARLL AL AYER i S [ i A3dA3pHsAY BppbETa 8. PoAchY- PLolesAYng: KQ¥FAMES,
}xsnld_ZLﬂca]ca]ca]ca]ca]ca]ca]cgfcaLﬂca]ca]ca]ca]ca]ca]ca]ca]cAchafca]ca]
ca] ca] ca] cafcahe”adbnabecave<gajaBahgatheal 1 (#Rp kkbe grinding wheel
}xsnhc”Yi d_ZU] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] caU| ca] ca] ca] ca] ca] ca] ca]ca
] c”a] cMa] cabl] thl sagraphpatktajta)l chgcghpal] Chis! electrode is for use in
5 electrolytic dressing grinding in which the conductive liquid
is passed through the gap to apply the voltage to the gap,
the grinding wheel 1 is dressed by electrolysis and the
workpiece is simultaneously ground. In this respect, the
electrode has the same function as that of the conventional
10 electrode 2 shown in Fig. 1.

In the fifth embodiment of Fig. 3A, the removable
electrode 10 of the present invention is provided with the
electrode support member 12, conductive foil 14 and
conductive terminal 16.

15 The electrode support member 12 has the opposite
surface 12a which is disposed opposite to the processing
surface la of the grinding wheel 1 via the constant gap. The
constant gap is, for example, of the order of 0.1 mm to 0.3
mm. Moreover, the electrode support member 12 is preferably

20 formed of the insulating material (e.g., plastic).

The conductive foil 14 is detachably attached to and
along the opposite surface 12a of the electrode support
member 12. This conductive foil 14 is a foil, for example,
of copper, brass, aluminum, gold, stainless steel, or the

25 like. The thickness of the conductive foil 14 is arbitrary,
but is, for example, of the order of 10 pum to 50 pm.

In this example, the conductive terminal 16 is fixed
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Moreover, different from the embodiment shown in the
drawing, for example, the conductive terminal may be passed
through the electrode support member 12 to contact the
conductive foil 14. Alternatively, a part or the whole of

15 the electrode support member 12 is constituted of a
conductive metal, and a part of the electrode support member
is brought in contact with the conductive foil 14. 1In this
case, the conductive terminal may be omitted.

Furthermore, in the fifth embodiment of Fig. 3A, the

20 single-layer conductive foil 14 is applied to the opposite
surface 12a of the electrode support member 12 using the
removable adhesive.

According to the aforementioned constitution of the
present invention, the electrode support member 12 is

25 provided with the opposite surface 12a. Therefore, when the

conductive foil 14 is applied to and along the opposite

surface 12a, the conductive foil 14 can be disposed opposite
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10fbfb !'! 4i##fsBfpopropriate gap (e.g., about 0.1 mm to 0.3 mm)
10fbfb')@ﬂ0%&'()-'FB{$10%WN& ()- >l[3{$10@QC2C&'() >I109%& () - F#lO%&'()-![F#l
09R2& () - HT I8 Seth$Pe %6 24 "EHHs 18fbte, the voltage is applied to the
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%a% % %0 %088 &dc iDfd foil 14 via the conductive terminal 16, the
10xg10%& ()-L, 10%& ()-!CL, 109%8&& ()-f10%& ()- YUd0%& ()- 10 10%&<&O&|&&&dEK4
10fb 5 conductlve liquid is passed through between the conductive
foil and the conductive grinding wheel 1, and the grinding
wheel is dressed by electrolysis, while the workpiece can be
ground with the grinding wheel.
Moreover, the single-layer conductive foil 14 is
10 detachably attached to the opposite surface 12a of the
electrode support member 12 with the adhesive. Therefore,
even when the deposit is built up on the surface of the
electrode, the conductive foil can be exchanged, and the
electrode surface can be cleaned in a short time simply by
15 stripping the conductive foil 14 from the electrode support
member 12 and attaching another new conductive foil 14 to the
electrode support member. Moreover, even when replacement of
the conductive foil 14 is repeated, the electrode shape does
not change, and the ELID grinding apparatus can therefore
20 steadily be operated in the unmanned manner for a long time.
In the sixth embodiment of Fig. 3B, the conductive
foils 14 are laminated and attached onto the opposite surface
12a of the electrode support member 12. The other
constitution is similar to that of the fifth embodiment.
25 According to this constitution, when the surface

conductive foil 14 with the deposit built up thereon by ELID

grinding 1s simply stripped, the underlying conductive foil
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processing surface la slightly changes, but the ELID grinding
is only slightly influenced. Therefore, on the same
conditions, or by automatically controlling the voltage or
the like of the ELID power supply, the ELID grinding

10 apparatus can steadily be operated in the unmanned manner for
a long time.

In the seventh embodiment of Fig. 3C, the conductive
foil 14 is formed in the tape shape. Moreover, the electrode
support member 12 is constituted of the insulating material

15. (e.g., plastic), and is intermittently or continuously moved
between a pair of reels 15. The other constitution is
similar to that of the first embodiment.

According to this constitution, the conductive foil
14 is intermittently or continuously moved between the pair

20 of reels 15 while the conductive foil is disposed opposite to
the processing surface la of the conductive grinding wheel 1
via the constant gap. Moreover, when the deposit is built up
on a portion of the conductive foil 14, the portion can
intermittently or continuously be replaced with a new portion,

25 and the ELID grinding apparatus can steadily be operated in
the unmanned manner for a long time.

As described above, according to the removable
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5 grinding apparatus can steadily be operated in the unmanned
manner for a long time, and other superior effects can be
produced.

Additionally, the present invention is not limited
to the aforementioned embodiments or examples, and these can
10 of course be modified in various ways without departing from
the scope of the present invention. For example, the
removable electrode of the present invention is not limited
to the electrode for electrolytic dressing grinding
illustrated in Fig. 1, and the present invention can be

15 applied to any electrode for electrolytic dressing grinding.
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1. A removable electrode for electrolytic dressing
grinding in which the electrode is disposed opposite to a
processing surface of a conductive grinding wheel via a gap,
a conductive liquid is passed through between the electrode
and the conductive grinding wheel to apply a voltage to
between the electrode and the conductive grinding wheel, the
grinding wheel is dressed by electrolysis and a workpiece is
simultaneously ground, the removal electrode comprising:

an electrode support member (12) having a surface
(12a) disposed opposite to the processing surface of the
grinding wheel via a constant gap; a conductive foil (14)
detachably attached to and along the opposite surface of the
electrode support member; and a conductive terminal (16) for
contacting the conductive foil to apply the voltage to the

conductive foil.

2. The removable electrode according to claim 1
wherein the conductive foil (14) is detachably attached to
the opposite surface (12a) in a single layer or laminated

layers.

3. The removable electrode according to claim 1
wherein the conductive foil (14) is formed in a tape shape,
and is intermittently or continuously moved along the

opposite surface (12a).
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