1 TABLE-TOP SLI D PROCESSI NG APPARATUS BACKGROUND OF THE I NVENTION 5 - 9 MAR

2005 The present invention relates to a table-top ELID processing
apparatus for efficiently and accuratély grinding a small morkﬁiqﬂﬁﬁaqﬂoﬁ
processing it to a mrror 10 surface. Prior art Table-top la

~table-top mlling machines, etc. are widely being used in honmes and

| aboratories for 15 machi ning small workpi eces. These tabl e-top machi ning
appar at uses process easily nmachi nable materials such as copper, al um num

wood, and plastics Now ever, for tough materials. .g., fine ceramcs,
optical gl asses, n%ﬁgﬂg I Pgﬂg her hard brittle 20
materi als and cenented carb dlgé)s ﬁaﬂg;eygoerzﬁﬁk%u?‘go Tﬁgrge machi ne nust
conventionally be used, even if the workpiece is small. Therefore, it has

been denmanded to develop a tabl e- top nachlnlng apparatus that can be used
like a table-top | athe eBRCKARQINE R NVENVEAON hard brittle 25

mat eri al and cenent ed car bi de mnth hlgh accuracy and efficiency. however,
there viere the foll owi ng problens in devel oping the aforenentioned

tabl e-top na h|n| . ard brittle material -and cenented
car bi de ne ' fachihed by grinding using a

grindst one- But h[ehgré§§%§tfﬁ‘§&1’@io@ FAlRhisakot 8 BabDE-Ege ESIMreater than
to normal cutting, e resistance of 5 the linear guide that guides a
wor kpi ece groclssdnaospperytus for efficiently and accurately

grinding a small workpiece and processing it te a mirror

10 surface.

Prior art
Table-top lathes, table-top mllling machinas, etc.

are widely belng used in homes and laboratories for

15 machining small workpieces. These table-top machining
apparatuses process easily machinable materials such as
copper, aluminum, wood, and plastics. However, for tough
materials, e.g., fine ceramics, optigal glasses,
semiconductor éingle crystals, and other hard brittile

" .20 . materials and cemented carbides, a general-purposed large
machina must conventiohally be used, even if the workpiece
is small. Therefore, it has been demanded to develap a
table-top machining apparatus that can be used like a
table-top lathe etc. and can process even a hard brittle

75 material and cemented carbide with high accuracy. and

efficiency-
However, there were the following problens 1n

developing the aforementioned table-top machining apparatus.



| arger. Consequently, the notor etc- required for machining becones |arger
-and nore powerful to drive the equipnent. Normally, the,above-ngﬁ&konﬁﬁ
processing machine is driven by a thr&e-phase-power supply HT&h hé 50
20011 AC. As a result, even if the equipnent is made snaller for househol d
“or laboratory use, it is difficult to nodify the equipnent to a conpact,

| ow- power systemthat can be driven by a | ow vol tage (single-phase 100V)

and can be used ) 4 LaULraRe1Lonhele £ 0 AN NIA LB 48! nAY NG

normal |y becomne w th cut I'ps and debris wthin a short“tine, so

it cannotmber opfiiARd atelsy Weghaehfineliengygr Mhdtwy gl ke a i nventors of the

present invention, et al. are developing an electrolytic in-process
dr essi ng getimdsigpre.ef 8ot otBel De2dshrnerliol)s nategiedeter gragdiptil se power
supply is indispensable to utilize theﬁgrinding system  However this

pul se” poweiS sgmpt feimidian e infFT R & SUhEADET gﬁn@o‘f'l?%g‘éeﬂ(sftiﬂncﬁﬁfance, 601"
to 150 even for a snal r.kpi 0] |t Lcur-nent  of
about | t)éhg 109t S %@f@ pgvsve?a gg%gﬁéle%%cgsmiasl arﬁgoe%'lri@;ddi tion,
an SLI D 9&59&?&99 halserusheuld YRaVRbERP! dtdlsrarsordudsive processi ng
fluid whose viscosity may oftén increase processing resistance, so power

consunpt i oRaBRCEIRS dddnes gLMIRI2GAE Sogeepveerfith tridinivn the this

processing fluid enter intq the  Ilinear guide, tQﬁ | ife of _the guide
becomes shemuipment. | Morrallyi ngheeabevarmertiqRad ALOSESPARY seal etc. is

installed t t.the fluid f ' | |
| nor eases, PARBLRRELT 6 T e % e BRaERCRaR ) TRRP T SR R |

10 200V AC. As a result, even if the equipment is made

smaller for household ox laboratdry use, it 1is difficult to
mbdify the equipment to a compact, low-power system that
can be driven by a low voltage (single-phase 100V} and can
be used on a table-top.

15 (2) A grindstone used for grinding normally becomes
loaded with cut chips and debris within a short time, so it
cannot be operated at a high efficiency. Although the
inventors of the present invention, et al. are developing
an elecérolytié in—pr0cess'dressing grinding (refer to ELID

 20 grinding), a predetarmined pulse power supply is
indispénsable to utilize the grinding system. However,
this pulse fower‘supply must provide a :ather‘hiqh voltage
{foz insfance, 60V to iSOV) even for a sﬁall workplece,
together with a pulse current of about 1A to 3A, therefore,
25 the power supply becomes large. In addition,_EEﬁELIQ-
grinding system should unavoidably use a conductive

processing fluid whose viscosity may often increase

processing resistance, S0 power consumption becomes st;ll



SUMMARY COF THE | NVENTI ON Exanpl e enbodi nents have been acconplished to
solve these problens. That is, for exanple, to provide a tabl t@'&%w(ﬁ
processi ng apparatus that can process even a hard brittle

cement ed carbi de, whereby both driving and pul se power supplles can be
conpact, and the equi pnent can be opergted at a | ow voltage (single-phase
100V) and can be so snmall that it can be used on the top of a table. In
~accordance with a first aspect of the present invention, there is provided
a tabl e-topgkbbept oTessddig: iappan@t UsiscoppedSé gy aragrdeetbyei geb ness one
for processing a workpiece, an electrode installed with a predeterm ned

spaci ng from-8ahod ki e éééeof)fth]éec%ﬁdiﬁ:t]qe\fé’“@sl aHSEBRMe, and pPrtdcessi ng
flutd suppl ¥hig; dgvi-ce; £ 0insbPAladde @sCORGUGE LYE) PLOCESAL Mohe ikl BEEveen
the grindstone and the el ectrode, 5 a power “supply for apsiylng a
vol t age betweenenhet@ﬁ|ﬁthdeomndnghessehaaﬂnnﬁangwhesesnamMQ power supply
conpri ses a.,DC omer n circujt, whic rates pul se-like
vol t ages, aﬁBCE A°<Be %ﬁ%tﬁgﬁ%ﬁgeb8gﬁgé?eﬁ?? |§§IQ?4H%%£?) tBad di schar ge
truing, therReesdirguUirluc@npPrising a variable resistance R connect ed
bet ween i nput and output termnals at the positive side and a variable
capacitor C connected between the positive and negative |ines of output
termnals; and the apparatus also - 9 MAR 2005 4 conprises a work driving
device for driving a table SN OFOIMKE ENEENDLOW ed t hereon in
hori zontal ly orthogonal directions X and Y, a tool-driving device which
while rotating the conductive grindstone around the verti cal shaft
Zt hereof, drive rindstone.in the vertical d|r i on . ther in
relation to the aé%gé%%céﬁb ik %?tﬁunéﬁy 8%?r%?cﬂ@% h%i;to 639

these problems. That is, for example, to provide a table-top

ELID processing apparatus that can process even a hard brittle
material and cemented carbide, whereby both driving and pulse
power supplies can be compact, and the equipment can be operated
at a low voltage (single-phase 100V) and can be sc small that it
can be used on the top of a table,

In accordance with a first aspect of the present invention,
there is provided a table-top ELID processing apparatus
comprising a conductive grindstone for processing a workpiece,
an electrode installed with a predetermined spacing from a
working surface of the conductive grindstone, a processing
fluid supplying device for supplying a conductive processing
fluid between the grindstone and the electrode, and a power
supply for applying a voltage between the grindstone and the
electrode, wherein the power supply comprises a DC power supply
and an RC circuit which generates pulse-like voltages, and can
be applied to both electrolytic dressing and discharge truing,
the RC circuit comprising a variable resistance R connected
between input and output terminals at the positive side and a
variable capacitor C connected between the positive and

negative lines of output terminals; and the apparatus also



nunerically controlling the work driving device and the tool- driving
device. In the exanpl e enbodi nents,, because the power supply is conprised

with a DC power supply and an RC circuit which generate pul se.;g]ici\HQR 2905
vol tages and can supply power for both electrolytic dressing di schar ge
truing, the power supply may be used for both ELID processing and

di scharge truing, whenever required. In addition, because of the
sinplicity of the circuit, the power supply nay be nade considerably

smal l er thafpdi GeNeRbrenali pLl$ elpawRY reupRkyYviddiLgeeeyatpsaan
identical current pulse. Furthernore, a sinple nuneric control system may
be achi evetPBERIaCWSOKPEed et it 1npr besdseatadly MigHIEsdr acy by

i nstall | nggypLke iy g ey o8 «80d_Loek | M NGLGHief ATde POl NO
these devices using a numeric contro devi ce (for I nstance, a persomal
conput er) . thenmyeydiant iskeegrinliytore iarquroic ede deessidly graftdizngere&E) D

rindin net hod be configured using a small, sinple. power supply ,
\?\herebyg% h%rjg‘F‘?%dg{i%ﬁélp SHPRSsEY Tt d’reg&r'tF'?l AehRce Cuttihg redPst ance,

the necessasyaDier L @RePForBSLEQASetha aNduRehal dodiiiddll ifmler | @brand
cemented carbide can be processed at a high efficiency and a high

accuracy. WNEeDFiag Y eoant retaipt etearbédt kretitivirte degficeespdt fhaectbabor k

driving deyjce I i.ded by a hard porous carbon material whose dynam c
friction d%%??”gfé%#ha%h static friction coefficient are substantially the

same no natter whetther étanis dunbrbsdGedads,Qr bécdissd NtMat Qoweldsi Agpply 9
MAR 2005 5, t he above-nentioned hard porous carbon nmaterial (for exanple,

RB cerami csj &8TRC G YeWath adsHCdiRRy GorTHRLY et apf Rer sdlesdilg higihd
enters the@éﬂéya%é gﬂhg§é-i{¥% C981£é§é§”"énd can supply power for both

electrolytic dressing and discharge truing, the power supply
may be used for both ELID processing and discharge truing,
whenever required. In addition, because of the simplicity of
the circuit, the power supply may be made considerably smaller
than a conventional pulse power supply, which generates an
identical current pulse. Furthermore, a simple numeric
control system may be achieved and a workpiece may be
processed to a high accuracy by installing work driving device
and tool-driving device, and controlling these devices using a
numeric contreol device (for instance, a persocnal computer).

Hence, an electrolytic in-process dressing grinding
(ELID grinding) method may be configured using a small, simple
power supply , whereby the grindstone is dressed to greatly
reduce cutting resistance, the necessary power can be
decreased, and a hard brittle material and cemented carbide can
be processed at a high efficiency and a high accuracy.

According to an example embodiment, the

aforementioned work driving device is guided by a hard
porous carbon material whose dynamic friction coefficient and
static friction coefficient are substantially the same no

matter whether it is unlubricated or it is in water. Using



of friction does not alter. Therefore, positioning accuracy which is
nunerically controlled, can be maintained high. Because the Cﬁfg@?ﬁ%gﬁkﬁff

friction does not vary and the carbon material is not attacke

processing fluid, no seal is required, and the sliding resistance can be
kept at a |ow value. Qher objects and advantages of the present invention
are revealed by the follow ng paragraphs referring to the attached

drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. | is a general perspective
view of a tabl gbbep-mdelliBrpHOBESS! PEraPPH A REELFILNg(£H- t he present
invention. 9 MAR 2005 6 Fig. 2 shows a circuit of the power, supply for
both el ecF¥aTptec Rt esspRgcahda®li s chaidge atr 8i A§Ldg . rFtieona Fyvad
characteri sti ' : t he u in_FEi D F 4 o 4C
how exanpios S o 28 Bt HUeRdsl e RRbkaL Lol RneocLORLcfid © % o
5 is a struft irattdrewloes aoguibe=moMhearfotef heosMordaidi wiengrdeyi ce. Fi g.
6 shows the relationsh&p bggmeen baking 10 tepperatures and friction
coeffici entBI6R 15 HIETI6ROLE CoRr ol Tt &FraPe PRESER P19ON (@ ‘PREFERRED

ENBOD'NENTgeééué%WEHH!H%@f%i@ﬁeh@eoPrf@f@%r&ﬁ%ﬁﬁkiﬁetaﬁﬁrgeéﬁiﬁﬁﬁg bel ow
referring to the drawings. In each figurer comon portions are identically

nunber ed, &ndbap MRRMicdt ésdestratptacied bygkhernphegassing fluid, no
seal is required, and the sliding resistance can be kept at a
low value.
Other objects and advantages of the present invention
are revealed by the following paragraphs referring to the

attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a general perspective view of a table-top
ELID processing apparatus according to the present

invention.



I types

Fig. 1 is a.general perspective view of a table-top 20 ELID processing
appar atus according-to the present invention. In Fig. 1, table- EgID
processi ng apparatus 10 according to the present invention is”ﬁiggﬂ 3005
with a conductive grindstone 2, an electrode 4, a processing fluid

suppl ying device 6, and a power supgly 8 which applies a 25 voltage between
grindstone 2 and electrode 4. In addition, table-top ELID processing
apparatus 10 is also provided wth a work driving device 12 which drives a
table 11- with a workpiece 1 nounted thereon in horizontally orthogonal 9
MAR 2005 7 directions X and Y, a tool-driving device 14 which drives

conductive grHjgdsto i t directl il.e otating the
gri-ndst one afggﬁd vgs??ia% §%§?¥§§‘%f?%“%é%b%%tg?89§grEBFe%8t%, and a
nuner i cleoritradlytdevideesdng awhichiseh@rdealdineant rol s work driving device
12 and tool - driving device 14. In this enbodi ment, workpiece | is fixed
directly on Fe8p 8f 1fadpl kead chioretapipdricsdifgreni sft thbepprecessed.
However, limted only to this 10

esgnt Lnvention is not
configﬁ?%%ﬁghggFgﬁgéx%ﬁple, another table for fixing workpiece 1 on table

11 gs instal .a r ig&g,gﬂ&&@ I, _ und an axis (X, Y, Z

etc.) using Fﬁ?g tgglg@éggductive g Fh sfggga;ggsfgg%yV?ﬂﬁ?g%%l or cup

gri ndstwdrtd whiec howet atesp by olindiide vertical Z shaft and 15 whose | ower

surface processes workpiece 1. Conductive grindstone 2 may al so preferably

be a netal bBhd- gPi hilsd ciieruaisirag Mies difarpgdide ghoustidioWey athe conduct i ve

‘ grinds%pn 2.%5 not ljmted only to these exanples. |Instead, various
FaBF&"+B¥ B2V 9rocessing can al so be used freely.

Fig. & shows the relationshiﬁ between baking
10 temperatures and friction coefficients of a hard porous

éarboﬁ material.

15 . Embodiments of the present'invention are described
below referring to the draﬁings. In each figure,'coﬁmon
portions are identically numbered, and no duplicéte
‘desérigtion is given fere.

Fig. 1 is a. general perspective &iew~of a table~tc§

20 ELID processing apparatus according-to the present
invention. In Fig. 1, table-top ELID processing apparatus
16 according to the present invention is provided with a
conductive grindstone 2, an electrode 4, a procassing'fluid
supplying device 6, and a power supply 8 which applies a

25 voltage between grindstone 2 and electrode 4. In addiﬁion,
table—top.ELID'p£ocessing apparatus 10 is also prbviaed
with a work driving device 12 which drives a table 11 with

a workpiece 1 mounted thereon in hoxizentally oxrthogonal




20 El ectrode 4 can be installed with a predeterm ned spacing froma
surface of the workpiece of conductive grindstone 2. This electrode 4 is
preferably electrolytically dressed during ELID processing, #&Y MA&RaP0eg
away from the working surface of conductive 25 grindstone 2. The working
surface of conductive grindstone 2 can also be electrolytically dressed or
di scharge trued by installing the electrode on a table separate fromthe
wor kpi ece. - 9 MAR 2005 8 Processing fluid supplying device 6 supplies a

conductive processing fluid between grindstone 2 and electrode 4. In Fig-
1; nuner renresent tank at processing fluid in which processing
f1uid isﬂsﬁ%érscelc? angé an?f’rgd &P éﬁg%ﬁ%‘lm e by midehofdgriesdst one 2 and
el ect r odeorfiuldstiiRG: FriahaER toat 2i kLu -_hhey.processing. [fluid should
preferably be an el%ect rolyte sul taﬁ%%%@ﬁal%dl%e&%é‘?ﬁ’ng{hlﬂ?e el ectric
conduct inattatiofy the fgrdndswege aksondevastusiiedaeeording,to di scharge
truing intended. 10 Mdreover, a surfactant etc. may preferably be added to
reduce AFIRSEE tensioskPieCRe lr cdndi aghymerias Songrods detvdee 1gdue to the

pr ocessi luid. work.drivi evice 12, in this enbodinent, is conprised
mﬁthga ?-af%%nygﬁF&cfgéyiﬁngngﬁ ¥ork g iginghdevigepigcensi tigotui d t ank
13 and Fi¥rig sebalhey32b installed thereon. Aforenentioned table 11 is
fixed on the upper surface of the X-axis table 12b. The Y-axis table 12a

i ving ot ors. and. pesrelan ek oot ao e ST EERR Bt BT on T el
posi ti ofe® b¥ ﬁahteitlcowhosﬁ.upper surface is,tp be processed.
However, the present invention is not limited only to this
10 configquration. For example, another table for fixing
workpiace 1 on table 11 is installed, and workpiece 1 éan
be rotated around an axis (X, ¥, 2, etc.) using this cable.
Conductive grindstone 2 is a cylindrical or cup
grindstone which rotates around the vertical Z shaft and
15 whose lower surface processes workpiece 1. Conductive |
grindstone 2 may also preferably be a metal bond grindstone
using fine diamond grains. However, conductive grindstone
2 is not limited only to these examples. Instead, varjious
types suitable for ELID processing can also be usad freely.
20 'Elecfrode 4 can be installed with a predetermined-
spacing from a surface of the workpiete of conductive
. grindstone 2. This electrode 4 is preferably
elactrolytically dressed during ELIDlpr;cessing, as
installed away from the working surface of conductive
25 grindstone 2. The working surface of conductive grindstone
2 can also be electrolytically dressed or discharge trued
by installing the electrode on a table separate from the

workpiece.



Nunmeral 15 in Fig. 1 denotes a cover installed to enclose the Y-axis table
12b to prevent the processing fluid fromspraying out during processi-ng,

" although only the upper front portion 15a is open. Open port@ é,* C 25
be closed with a transparent cover so that one can access the QM r?é}aﬁb

and observe processing conditions. TheBtool driving device 14 is-configured
with a colum 14a and a spindle unit 14b provi ded thereon. 9 MAR 2005 9
Spi ndl e unit 14a houses a spindle, which holds and rotates grindstone 2, a
notor to drive the spindle, and a Z-axis table for driving the grindstone
2 in the vertiCﬁI directh%n_z. The Z-axis table can also be positioned
precisely by a HUNETTE*H %qﬂd-§F§PéNnngedau$eelEn@@gpgaggk% driving
rotor, andopRQstti® -égg | scal.e are equipped in the unit, like Y--axis
table 12a and X- axélgI tﬁg%m&%ﬁg“%ﬁtﬁé#ndeWme A6Grdd a personal
conmput er epeowisiesl-aN t Igarparahl e r.serial interface (for 10

i nst anceéBRS- 232C), and dri \%es Y—%m 5 é"gbjr% IERresents & teall ef12b and the
Z-axi s t aBFeceIs NG cntirblin ModeneprokBssPh the Rpersonal conputer, a
custom Ch%%)d%g a mcgro- servo controller cgﬁ% s% Jbsg ﬁq:f?cr Gf&k ed to make
up a smafts RS ec@ﬁF*éPGdeurfeceléfF@gun&gﬁdhéazﬂa&ﬁuit di agr am of

t he powere sl A th electrolytic dressing and discharge truing. As
~shown in Fig. ogj,e %O\l/\lgrgg uSpPW‘% ZB%FiJeHhﬁ)tlﬁdlﬂCb--t offhelpFHPeostssi Ng

appar at ustliff ae@udidngrke-81Hrgse jnvention has a DC power supply
circuit, not iIIustraged, and gﬁﬁaé! fﬁﬂ%ﬁF¥Hﬁﬁxbéﬁﬁé@Péé fasrBLED and can

?gner at e Bfcsssiinge VEHde agbesctdie dﬁh&h&ti%it?-hg%“tfxg Ei\gid 2n'na§ hi's cireurt
: also be adjusted according to-discharge truing intended.

10 Moreover, a surfactant etc. may preferably be added ta |
reduce surface tensidn while reducing proceséing resistance
due to the processing fluid.

Work driving device 12, in this embodiment, is
_ comprised with a Y-axis table 12a installed on top of the"
15 processing fluid tank 13 and an X-axis table 12b installed
thereon. Aforementioned table 1% is fixed on the upper
surface of the X-axis table 12b. The Y-axis table iZa and
.ﬁhe X-axls table 12b are provided with respective linear
o guides, driving motors, and position detecting scaleé, and
2 can be precisely positioned by numeric control.
' Numeral 15 in Fig. 1 denotes a cover installed to
. enclose tye Y-axis table 12b to prevent the processing
fluid from spraying out during processing, aXthough only
the upper front portion 1Sa is hpen. Open portion 1Sa can
Z5 Dbe closed with a transparent cover so that one can access
the equipment and observe processing conditions.
The tool driving device 14 is configured with a

column 14a and a spindle unit 14b provided thereorn.



provided with a variable resistance R connected between input and out put
termnals 9a, 9b at the positive side, and a variable capacitor

C
- connect ed between positive and 25 negative |lines of output tec I 2@-
SLIEAR 2865,

According to the enbodi nent of the present invention, the DC

circuit provides output voltages at 30v to 150V using a | ow voltage
power supply of AC single 9 MAR 2005 10 phase 100V. In addition, variable
resi stance R can be varied stepwi se or continuous in a range of 50Qto
5005, and variable capacitor ¢ can be changed without or with steps in
the 0.01 Fto 10 F range. S Using this configuration, predeterm ned pul se

vol t ages sgandibe appti ¢d;bgivesn gri e d.electrode 4 by charging
capacitorpc using a sin%le cir%u?tb e%PQbJ%E%¥1F€ %@n §BtéFésopen, "and

di schar gigmgndapackt 25 & muten tdedtisé Stid e brileeeanlenMznalg9a and 9b
decreases 10 Fig. 3 is a load characteristic diagramof this power supply.
As showntRRLE §Or 3draving othegrrindstene dhger wihiehveatiexsiinum vol t age of

about 15 nd,a maxi num gurrent of _ 1. 2A, can be generated by adjusting
vari abl 68¥5§F§%%C 'R%g‘%%saﬁﬂa@@aﬁé@i féfoche 1B s ybonad, 4B, and 4C

> P s, PR Ts Ly PhyoF A id Rt RoL it Degbuer anaeme-auboe, | |
one oki 1 Led T Theaaras Py i e de e 8 2R eRAEPREAER ik
vol t agesthanupit gehickatechays arjhlsd i10h \aaid abheikesisiangg,R and variabl e
capacitor ¢ iR SoiPuages 9P 00, [oomlgte puises. I addition,
P nal computeyr
provided- with a parallel and/or serial interfaée (for
10 instance, RS-232C), and drives Y-zxis table 12a, X-axis
table 12b and the Z-axis table by'NC control. However, in
bPlace of the personal computer, a custom chip and a micro-
Sexrvo cont;oller can also be incorporated to make up a
small, simple NC control device.
Is Fig. 2 is a circuit diagram of the power supply for
both electrolytic dressing and discharge Eruing. As shown
in Fig. 2, power supply & applied to table~top ELID
~ processing appaiatus 10 according to the present invention
has a DC power supply circuit, not illustrated, and an RC
20 circuit connected thereto, and can generate puise—like
voltages. In detail, as shown in Fig. 2, this circuit is
provided with a variable resistance R commected between
input and output terminals 9a, 9b at the positive side; and
a varlable capacitor C connected between poéitive and
25 negative lines of outpuﬁ terminals 9b.
| According to the embodiment of the present invention,

the DC power supply circuit provides output voltages at DC
30V to 150V using a low voltage power supply of AC single-



in any of the cases of R = 500, 1000, and 2130Q a capacitance of C =10
[ Fresulted in a pulse drooping at wave front and rear, however, as the

|

capaci tance was nade snall, pul ses approached conpl ete ones, i

0.1 (r)9 MAR 2005 11 -and 0.01 a F, pulses were nuch better thﬁﬁ%gs&rz[}rgsz

Figs. 4A, 4B, and 4C, according to amgexperinent carried out. Even when R

= 5000, a capacitor with C- 0.01 AF rendered simlar pule waves to those

in Fig. 4A, 4B, and 4C. 5 Referring to the results of Figs. 3, 4A, 4B, and
it was confirmed that the above-nentioned power supply can be applied

to bot h S‘Jfﬁg troi%cﬁjl c dressi n and di scharge truing whenever required. In
power ‘f'put I @élFitl gen, vuaihilh e rﬁ:%i%ﬁﬁ&% var| a I e capacitor,
etc. can 10 be freely adjusted by controller Sa shown Kita € 1. Fig-5

shows the’ %’E’r%t%ﬁf@‘@ﬁ%cgulc@atumbugf ihhe war %e é’ds;?g deV| ce. In Fig-5,
nuneral 0 gpresents aguide rail at the fixed sid gtPepP@Bonts a gui de

bl ock at apde siapaciznd ¢9ca§p5@3@dgl§% ter| aI s located 15
bet ween both sides. These sliding naterials egi s"ﬂ'o' BFef”éttélbl y be made

of a har §§#Rsoda taebonompi el 10 eSSan g ynani ¢ and statl c friction
coefficients without |lubricating are subStantially the sane as those in

wat er?  These H&LdgpthﬂSc@@fp?& L@ | i.ncl ude RB ceram cs 20

manuf acturig by m xi ng a pheno resfﬁIl d&éﬁﬂ?g ﬁgP‘Flé% bran, form ng
and- proc&§ 'ﬁgeﬁh%&e Mnaﬁhmﬂ%diggr&nﬂgtoﬁenbtégg gas at nospher e.
Fig.6 shgug pﬁar el ationship.. between baking te&npefatuftECERederiction
coeffici entg T Fe D 53R Rt siddighar dimpleusi £aibenygierial . In

Fi g. 6, doutput terminals Sp are open, and dlscharglng capacitor ¢
When the rasistance between texminals 9a and 9b decreases
10 Fig. 3 is a load éharacteristie diagram of this power
Supply. As shown in Fig. 3, any voltage in the range with
3@ maximum voltage of about 150V and a maximum curreﬁt of

.1.2A can be generated by adjusting variable resistance R

and variable capacltor C.
15 Figs. 4A, 4B, and 4C show examples of pulse-like
voltages generated By the power supply in Fig. 2. Figs. 4a
- = ’

K 4B, and 4C relate to R = 50Q, R = 100Q, and R = 200Q
'

respectively, using Capacitor C with 1 KLF in all cases.

From these figures, one skilled in the state of the art can
20 understand that pulse-like voltages can be generated by
adjusting variable resistance R and variable capacitor C

~ although the voltages are not complete pulses. In addition
in any of the cases of R = 500, 100Q, and 200Q, a
capacitance of C = 10uF resulted‘in a pulse drooping at

25 - wWave front and rear, however, as the capacitance was made

- small, pulses appro;ched complete :oﬁes, and with C = 0.1



baki ng tenperature of 5.00'C or nore drastically reduces the coefficient

of friction to an essentially constant value of (r) 9 MAR 2005@]&&.? t(b

©0.1?. This hard porous carbon naterial gives, even in water, a A 20 5
n

coefficient of friction that is substantially identical to that in air.
. addition, even in a wide pressure rgnge, static and dynamc friction 5
coefficients of the material are approximately the sane. Consequently,
when such a hard porous carbon material as that described above (for

i nstance, RB ceramics) is used as a guide at the sliding unit, even if
processing fluid intrudes to the linear guide, friction coefficients do

hot 10 flamelt vate, yHenffivs RS L0 accuracy can be rmaintained high
by nuneric control. Bepgjause fri ct%ﬂ()lﬁﬂ Q%EF‘F’FCY-%H sthfts enaitn \Birgs .and t he

carbon maneriml Lsgne¢ a _processing fluid, no seal is
required, so sliding ?e%éﬁ%@%?éna@ee@ﬁ?%ﬁﬁ ¢Bratedroing to the

af or emengiQn g hon _of the_ _present invention, power supply 8 is
conpri sed wi ?ﬂlt gﬁDCuﬁ%é)ﬂm)ér 3sGRBRYLEME Wheh RC <it.li 4 F whihah-gener at e

pul se-1ikemivolt gpp can appl.ied to both electrolytic dressing and
di schar ge tT Ui ngE. iﬁeere oerse,atougﬁ‘?jet APsFhgwefAs vl yan@Oidbot h ELI D
processi ng anRefesGiaig0eof ik e_actuated, when required- In
addi tion, because the ggi i ?gggi@%%%? }}Jr%' sizé&RhdBeofanchdChe made nuch

smal | er thafesc oondiittimeahlthaguk-ie ﬁEM@éﬂﬁ&\%j jrcuits, prqvided the sane
pul se cyrrent .is generated. In addition, rinegdf ip\ﬂ"f’?gr & £2n 25 and

t ool -dri @Q’Pdé\ﬁdcéiolboﬁheEH-ﬂstablptli@r&@ﬁEﬂgnlgrﬁp ﬁ%@%@ei c control
devi ce u(iglera nal corrguter,;, so a sinple nuneric controlF system can be
~achi evedandhi gﬁpﬁ?’&l’i PERiTed. In power supply 8, output

voltage, variahlas reSistance, variable capacitor, etc. cag
10 be freely adjusted by controller 8a shown in Fig. 1.
Fig.5 shows the structure of a guide unit of the work
driving device. In Fig.5, numeral 17 represents a gquide
rail at the fixed side, 18 Tepresents a guide block at the
driven side, and 19 represents sliding materials located‘
15 between both sides. These sliding materials 19 should
preferably be made of a hard porous carbon material whose
dynamic and static friction coefficieqts witkout
lubricating are substantially the same as those in water,
These hard porous carbon materisls include RB ceramics
20 manufactured by mixing a phenol resin into degreasing rice
brgn, forming and proces;inq the ﬁix, and cafbonizing it in
a2 nitrogen gas atmosphere. |
FPig.6 shows the relationship between baking

temperatures and friction coefficients of the

25 aforementioned hard porous carbon material. In Fig.6, a
baking temperature of 500C or more drastically reduces the

coefficient of friction to an essentially -cdnstant value of



processing is enabled. (r) 9 MAR 2005 13 As a result, electrolytic
I n-process dressing grinding (ELID grinding) can be established using a

“small, sinple power supply B, thus cutting resistance can be g&gﬂgl
reduced by dressing the grindstone, while also 5 decreasing pé&e I 2005

- consunption. Therefore, a hard brittlg material and cenented carbi de can
be processed highly efficiently at a high accuracy. As described above,
the table-top SLID processing apparatus according to the present invention
can process a to hard brittle material and cenented carbide at a high
accuracy,%gﬂgdggggI%omeéhsugglies for driving power and pul se generation
can be n® ti./ . Th@h&$ oherd tiherowad REY) S operated with snal

~ Shase 1000 o tar L BEN S aFioagh 1o be

power at fhl ow&yoltage &sing[e:phase 100V), an
put on a5 deSIErwhi cR%aFeepFicéertdo Adfmindtages.trdltt heugh the present
I nvent i onsyas r.ibed sj ng_several preferred enbodi nents, it

agl%glqugfiﬁggl??\t LoRRBILT iagim.s Envedait iy t herdy esent

should be | understo
i nventi odn s midel bEesedranty, t§§ﬁ5 enbodi ments.  Conversely, the scope
of rights of the present i nven ?bn |ﬂéiﬁﬁ§€dgpﬁméﬁeﬁ§h§higa corrections,

and equi Faréhdcientst oEsthel migific T ¢l se ( he_attached clains. 14
. -9 MAR 2005~ Clains: | . A table-top ELI% %%%gggﬁﬁgyaﬁgﬁr%¥%%-conprising a

conduct i v8R§PAREREENe W%ﬁﬂp$bﬂES$ﬂngxhpw&b&gi@ggboﬁnma@gfggfqgg i nstal | ed

with a t L ned cing fromthe
pEEgE §£§rérfbe(§pa%ov (for instance, RB ceramics) is used as

é guide at the sliding unit, even 4if Processing fluid
intrudes to the linear guide, friction coefficients do ot

10 flqptuate, therefore, positioning accuracy can be
maintained high by numeric control. Because friction
coefficients do not vary and the carbon material is not
attacked by a processing fluid, no seal is required, so

| sliding resistance can be kept low,

15 According to the aforementionad configuration of the
present invention, pawer supply 8 is comprised with the DC
power supply and the RC circuit, which generate pulse-like
vVoltages; and can be applied to both electrolytic dressing
and discharge truing. Therefore,'using this power supply,

20 both ELID processing and dischargé truing can be actuated
when required. In addition, because the circuit is simple,
the size thereof can be nade much smaller than conventional
pulse power supply circuits, provided the same puise )
current is generated. 1In addition, Work driving device 12

25 ;nd Ltool-driving device 14 are installed and controlledvby
numeric control device 16 (personal computer), so a simple
numeric control system can be achieved and high-preciﬁion

-

Processing is enabled.



wor ki ng surface of the conductive grindstone, a processing fluid supplying

device for supplying a conductive processing fluid between the gmrém
and the electrode, and a power supply for applying a voltage ge
grindstone and the el ectrode, wherein the power supply conprises a DC power
supply and an RC circuit, which gengBates pul se-1ike voltages, and can be
applied to both electrolytic dressing and discharge truing, the RC circuit
~conprising a variable resistance R connected between input and out put
termnals at the posi tive side and a variable capacitor C connected

bet ween t he po%at gt tive lines of output termnals; and the
apparatus al so co a H?%Y#Fﬁgldequnassfdreéﬁiﬂgng a table with a

morkplecegﬂnuﬂm@d(th@ﬁe Ehﬂ&i orj.zoptal |y orthogonal directions X and Y, a
tool - driving device, Ieda?*o §t|‘ﬁéﬂ'ﬁ]ﬁéh@ ndgéngva sgalndst one

around t helnpdet poabrsm{ﬁmlz ﬁ,thhex@f cufEly, rindstone in the vertical
direction_thereof in relation to the mnfi%ﬁg%%%agﬁa SRmPRric contro

device fH* &PFEF?‘E‘AW‘} %rﬁrﬁélsuhggthhegmdstdhbylﬁglfl@vif and the

t ool - dri \Ydged The t abl e-top_ ELI D processing apparatus specified
in claimT, e\/\ﬁ ge%o@% Fi%ngma@iﬂ@% sagudxkbchiditter e hard por ous

car bon nnh&erahlmh@ﬁpcgﬁgﬁﬁ@@ éggg cient and static coefficients of
friction, wi thout |ubricating (%I%1q%§t§? Peiessassaablal |y the sane.

ABSTRACT ®AL&GAERIERY v gr hright moeuﬁacfpr processing a workpi ece

As described above, the table-top ELID Processing
apparatus according to the present invention can p&ocess a

10 hard brittle material apd Cemented carbide at a high
accuracy, and both power supplies for driving power and
'pulse generation can be made compact. Therefore, the
apparatus can be coperated with small power at a low voltage
(sxngle—phase 100V), and can be small enough to be put on a

5 desk, which are prefarred advantages.

Although the present invention hag been described
using several prefarred embodiments,.it.should be
understood that the scope of rights covered by the present
invention is not llmlted only to these embodiments.

| COnversely, the scape of rights of the present invention
includes all amendments, corrections, and equivalent

.entities balonging to the scope of the attached claims.



1, an electrode 4 installed parallel to the processing surface of the
conductive grindstone, a processing fluid supplying device 6 for su
a conductive processing fluid betweensfhe grindstone and t@?l@@ﬂﬁr
and a power supply 8 for applying a voltage between the grindstone
the el ectrode axe provided. Power supply 8 is conprised wth a DC power
supply andcanifRE; circuit, which generate a pul se-like voltage, and c
applied to both electrolytic dressing and discharge truing. |In addi
work driving device 12 for driving a table with the workpi ece nounted

phok "

and

an be
tion, a

t hereon, in horizo 1 t@g%g? i tions_X and Y, a__toaql.-driving
device 14 ?br drév?%%lfﬁgg%bn uc ?é%gééggﬁggt%%%agggPchpmyghsﬁﬁgré%pect to
t he wor kpi ecedwhties rgtotdsigotide foi ndstaresaimaund t heomasitdesl shaft Z,
and a numeric contrpl device 16 (personal conputer) for nunerically

dri ving devt EeErgs ahtS 1A LFRUEI TR RaPd Bl PET B Ra @R an dard e kit ed
carbide cagobripocesssthd i ORKACCUEZLYcPPLE POYRInpRid es for
driving power and generating pul ses can be nmade conpact, so the system can

be driven wWroheastnal | famddnt ofippbweng at daviow vaidamgespppdyingand can be
made so cogggg&c{hat it is nnunta?&gign}&ggqof a, . tabl e,

1ve processing een the grindstone and
the electrode, and a power supply for applying a voltage
between the grindstone and the electrode, wherein

the power supply comprises a DC power supply and an
RC circuit, which generates pulse-like voltages, and can
be applied to both electrolytic dressing and discharge
truing, the RC circuit comprising a variable resistance R
connected between input and output terminals at the
positive side and a variable capacitor C connected
between the positive and negative lines of output
terminals; and

the apparatus also comprises a work driving device
for driving a table with a workpiece mounted thereon in
horizentally orthogonal directions X and Y, a tool-
driving device, which while rotating the conductive
grindstone around the vertical shaft 2 thereof, drives
the grindstone in the wvertical direction thereof in
relation to the workpiece, and a numeric control device
for numerically controlling the Work driving device and

the tool-driving device.

2. The table-top ELID processing apparatus specified in
claim 1, wherein the work driving device is guided by a
hard porous carbon material whose dynamic coefficients
and static coefficients of friction, without Jlubricating

and .in water, are substantially the same.





