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 hones 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 pl astics. Now ever, for tough materials. g., fine ceramcs,

optical gl asses, I her hard brittle 20
materials and cementg%ﬁ%g}? dlgé)s ﬁaﬂg;efgoerzﬁﬁhgu%ggﬁ%@grge 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 nachi.ni_ . ard brittle material -and cenented
car bi de nay~¥rest chthed by grinding using a

gri ndst one- ButThghﬁr£§§h§tfﬁ§@hggoﬁiﬁgﬂdﬁagakotg gabnet-Bgp ELID

processing apparatus 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 being 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,
semiconductaor éingle crystals, and other hard brittie
" 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.



Is greater than to normal cutting, and the resistance of 5 the |linear guide

-that guides a workpiece is also normally [|arger. Consequently W n‘pﬁﬁﬁ
etc- required for machining beconmes |arger and nore povverful'”@o Rvé e

equi pnent. Nornmally, the above-nentioned processing mnachine is driven by a
"t hr ee- phase- power supply higher than 10 20011 AC. As a result, even if the
equi pnent is nade snaller for household or |aboratory use, it is difficult

to nodify the eﬂyi AR %%gq:?gg%&er o erffie@MdahBl aeCAgybe driven

by a | ow voltage (sihgle-p and can be used on a tabl e-tgp. 15 (2)
A gri ndst ofgs ¥SEshIYridtdldl 1e Raciahky bgcerbsdingagsachgyia h cut chips and
debris within a short tine, so it cannot be operated at a high efficiency.
Al t hough t heindsweerd.or 8usf the peesehanéevahtsd matesiiadl toagoradiefopi ng an

el ectrolytic in-process dressin glgi ndi ng (ref‘gr to SLID 20 grinding),, a
predet er mi ABJIPRAERF JRT QFNTRALs CUthafgpeRAbTRE tTTRTEIE (Hfe gri ndi ng

system _Howeveyr, this_pul I ppl oVl raf.her Rl gh

vol t age’ (%ﬁ?’ i%?%%l%oﬁ%%% gv)e{’ﬁggégr'egéslhaldﬁﬁ%r ;#Mgkel,‘ t oget her
with a pul se,gui T eehaeqtlialyl Ache btot NeEEl Giuided Iferpower Suppl y
beconmes large” [In addition, an SLID grinding system should unavoi dably use

a conduct i Mechpi g Isddndd Uiak gehosmdymscespoyentiyl ofe edrivic rdese
processing resistance, so power Bonsurrﬁt i on becones still ,-g MAR 2005 3
greater. |aqatshentn, Normadily pt8RedRPRE FARFPRAR SXAKES e 1 near

gui de, themlaicglfng fist. h&g&gﬁ eb)P eac%iﬁsees-gﬁratsgr-pgﬂgri Eépply higher than
10 200?; AC. BAs a result, even if the equipment is made
smaller for household ox laboratc;ry use, it 1is difficult to
mﬁdify 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 elect;rolyti;: in—pmcess' dressing grinding (refer to ELID

| 20 grinding), 2 predetarmined pulse power supply is
indispénsable to utilize the grinding system. However,
this pulse p.ower supply must provide a ;-at;her‘hiqh voltage

(for instance, GO0V to ]:SOV) even for a small workplece,

together with a pulse current of about 1A to 3A, therefore,

25 the power supply becomes large. In addition, an ELII?-

grinding system should unavoidably use a conductive

processing fluid whose viscosity may often increase

processing resistance, S0 power consumption becomes st:._ll



sliding resistance fluctuates. If a seal etc. is installed to prevent the
fluid fromingress, processing resistance increases, and theﬁﬁgzﬁ%ﬁgiéﬁgﬁ%
seal is reduced by the processing fluid. SUMVARY OF THE | NVE

enbodi ments have been acconplished to solve these problens. That is, for
exanple, to provide a table-top ELID grocessing apparatus that can process
even a hard brittle material and cenented carbi de, whereby both driving
~and pul se power supplies can be conpact, and the equi prment can be operated
at a | ow voltrageetsi ngl sdditaissr, 16@VEhapdoeate ik SINAld chiat ihto came be
used on the top of a table. I.n accordance with a first aspect of the

present i nvertPeh, IuidRr &hes IgdsvPieline quisie ResemeE PhpEBReHIchd Wopar at us
compri sing 31600dYCELY e, BAALISHONG L ST 96CS S50 A V0! KA 8GRa1384 1o

el ectrode installed mnt% a predetermned Spacing froma  working surface of
t he conduct pvevgnt ntdse ohleyida froocessrags, fdutckssippl yergstdeveee f or
suppl yi ng a.conductive oGessi, fly d between th rj ndstone and the

el ectrode, éﬂﬁrgaE%ﬁEragiJ%ﬁﬂ3J3%r°£pgb§iﬁ%aﬁgV%F? EWbE%ethe
grindstone gRdcédincelrecigode, wherein the power supply conprises a-DC
power supply and an RC circuit which generates pul se-1ike voltages, and
can be applied to both electrolytic dressing and di scharge truing, the RC
circuit conprising a variable resistance R connected between input and
output termnals at the posftiweRSicde TABD IRVENRIOMbI e capacitor C connected
bet ween the positive and negative lines of output termnals; and the
apparatus also - 9 MAR 2005 4

Example embodiments have been accomplished to solve

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



conprises a work driving device for driving a table with a workpiece
nmounted thereon in horizontally orthogonal directions X and Y, a

tool -driving device which while rotating the conductive grind qﬂ%F@Qﬁmﬁﬁ
the vertical shaft Zthereof, drives the grindstone in the vert

direction thereof in relation to the workpiece, and a nuneric control
device for nunerically controlling the work driving device and the tool -
driving device. In the exanple enbodi nents,, because the power supply is

conpri sed b dsdCapovek gupplyg atdride RerChrewiig Whitehieganenake
pul se-1ike vol tages and can supply power for both electrolytic dressing
and di schargekriqfiengoupkedpohrireduppl y homayopbaldedofigrodssEd ELI D

processi Nog ARCL O SENAY Ad Rl 000 YDRREVELS TRANdedn LA AHALL! A0y 2 DfRAUSE
of the sinmplicity o the ci'rcurt, the poﬁ%r supﬁiy may be made
consi der abtlye staldwert ivehgniadsonverdicamal thel serpovelr shgipl Zithekeoh,

generates an, identical current, pulse. Furthernpre, a sinple nuneric
control sy@% Yﬁ%ﬂ§“%@r&@ﬁF59%ﬂ %ﬁ&jﬁaﬁﬁ?ﬁﬁpééedhﬁﬁc%%xlﬁﬁﬁ%@?geanto a hi gh

accuracy byeidstd Hon@neoikrdpidddg HRYICaumdRdct 00k rH1l WeRd devicee, and
controlling these devices using a numeric control device (for instance, a
per sonal cowpelerdllHawnd rodaiagethe ovyrk cdi cigroceyd cdr endi hlye gedmdi ng

(ELID gri&%%gg%¥gﬁkgg%enay be configured using a small, sinple power

supply , e grindstone is dressed to greatly reduce cutting

resi stance, the nRcessaryxHPwy &@bodBnerdes easetuandthe hgyothelr i duigy
material and cenmented carbide can be processed at a hi%h efficiency and a
hi gh accur&tyCoPeEsTef ntltd an DExafieE etifiveditd fRe RCafursiveht i"WHed wor k

driving dayéﬁéidﬁ% gﬂﬁg§éLf5%éa'0@igages and 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



porous carbon material whose dynamc friction coefficient and static
friction coefficient are substantially the sane no matter mheg?ag f?éﬂﬁ@ﬁ
unlubricated or it is in water. Using -- 9 MAR 2005 5 the abov |A

hard porous carbon material (for exanple, RB ceramcs) as a guide at a
sliding portion, even if processing flkuid enters the |inear guide, the
coefficient of friction does not alter. Therefore, positioning accuracy
which is nunerically controlled, can be maintained high. Because the
coef fi ci entnef absv&tnatt idoes HQEdV@éﬂo@é‘d:atﬂ%n gatbepaatesd al is not
attacked by the processing fluid, no seal is required, and the sliding
resi st anceeéalﬁpb%r K ICEREMACS | 09 vaal T deOefiep Bbi @1 Rard igdvaRrvaBes of the

present in I f ng to
P’ Cat t acheaP i vl RAFR AR 0l Rhelt Rl BRI RCEBR E P P "

gener al DEDﬁpéEi¢t&andwﬂsOﬁoﬁ.ikﬂﬂﬁktﬂﬂ&reEth)pp@ﬂxﬁmﬁﬂﬂ@gaapaﬁahuﬁ

accordi ng t t he, pr esent, venti on. MAR 2005 6 Fi shows a circuit of

t he power, EBI fQHmQQﬁ?ﬁ @I%%T?%ﬁ%&?qf FPEs SPng AR %ﬂ%Qﬂﬂﬂ%ﬂe truing.

Fig. 3 is fekoasds chad aclsfr st bat dbAGFAMROforf RRROWBE v§k'ﬁpz£ﬂ(d'tfhé:'g 2.5
Figs. 4A to 4C show exanpl es of pulse-like voltages t he power supply
in Fig. 2. carbon material is not attacked by the processing 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.



Fig. 5is a structural view of a guide portion of the work driving device.

Fig. 6 shows the relationship between baking 10 tenperatures ang fri%%ion
coefficients of a hard porous carbon nmaterial. DESCRI PTI ON OF éﬁé éﬁﬂﬁ

EMBODI MENTS 15 Enbodi nents of the present invention are described bel ow
referring to the drawings. In each figurer common portions are identically
nunbered, and no duplicate descript?on is given here.. Fig. 1 is a.general
perspective view of a table-top 20 ELID processi ng apparatus accordi ng-to
the present invention. In Fig. 1, table-top ELID processing apparatus 10
according to the present invention is provided with a conductive grindstone

2, an electr A4z an cgssi i Uppl yin eyice 6,, and a power
supply 8 mhig%%éppl?ggﬁg §5é%g€%g%g&ﬁé¥§%gﬁmé?i%Hngﬁe%ﬁrahﬂt%lectrode 4.
| n addidlientraiattiie tapsELhD anﬁC&f.sﬂlibgrg?éDRﬁkﬁﬁh%s. 10 is also provided wth
a work driving device 12 which drives a table I1- with a workpiece 1

nmount ed ther &84-i A hér# ZbPRA| Flamretrigortdlc diMgRaB008 Thdi pewsions X and Y,

a tool -grj wvi device,14 which drives conductive grindstone 2 in the
verticéﬁ&gﬁﬁggpigﬁg‘mﬁrle rotating the grindstone around vertical shaft Z
W th respect gt gsWORKPESCE: Lan &R [ rol.device 1G5 which -
nurerically co%trols wor k driving vgggo%éﬁggéétgﬁgg o E?gﬁfdevice 14. In
this emddddi izet powerkeugsky | insFigxer directly on

Fig. 5 is a structural view of a quide portion of the

work driving device.
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




top of table 11, whose upper surface is to be processed. However, the
present invention is not limted only to this 10 configuration- _For _
exanpl e, another table for fixing workpiece 1 on table 11 is THshARe2005
and workpiece 1 can be rotated around an axis (X, Y, Z, etc.) using this
tabl e Conductive grindstone 2 is a cylindrical or cup grindstone which
rotates around the vertical Z shaft and 15 whose | ower surface processes
wor kpi ece 1. Conductive grindstone 2 nay al so preferably be a netal bond
grindstone wusing fine dianond grains- However, conductive grindstone 2 is

not lim ly tq the exanpl es.. Lnstead, various types suitable for
ELI D pro%%gesc'?dr}gﬁcsa% aalnsd;s)%b augg&‘e[f_FiﬁéVﬁg AP HE tibadisk sir ires nst al | ed

Wth a pFRUeIeHReE 1 nsRdehad of £Q s ce of ..t he wor kpi ece of conductive
grindstone 2. Thi s%gl ectrode 4 is%?gfgéga%%l SPHESTri ¢RIV dr essed

duri ng Btdi@tpimgrehs ayindstohaskeblied awes da10mH:he \faOU&it?ag surface of
conductive 25 grindstone 2. The working surface of conductive grindstone 2

can al sFw@eateder srFkpégrey ldr srded wmetiist ange oflr dedriday 1ignst al | i ng t he
eIecgroQEﬁpn a tabl.e aratﬁ fion1the wor kpi ece. - 9 MAR 2005 8

Pr oc@ssing T &P&e§ﬁﬁﬁi§'nﬁoﬁ FPee $oxk pHveSda deFdnaudi wadptoodssi ng 1 ui d
betmeendg&h&ggtaggi%eamg_ electrode 4. In Fig- 1, nuneral 13 represents a
tank at processing fluird in which processing fluid is stored and :5 fed

between the woskings Surbogenatt Oridigiieie 2 200s: ghgchi gdg,f,sing a punp
(not illustrated)- The processing

top of table 11, whose upper surface is to 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.



The el ectric conductivity of the fluid may also be adjusted according-to

" discharge truing i ntended. 10 Moreover, a surfactant etc. may pref gﬁﬁ be
added to reduce surface tension while reducing processing res SMéﬁé dﬁle
to the processing fluid. work driving &evice 12, in this enbodinent, is
conprised with a Y-axis table 12a installed on top of the 15 processing
fluid tank 13 and an X-axis table 12b installed thereon. Aforenentioned
table 11 is fixed on the upper surface of the X-axis table 12b. The Y-axis

table 12a and ﬁhe X—axisﬂﬁgble 12b are provided with respective, |inear
gui des, driving MOTHIS % oS istopd vdagedeinge s6 ab@sp 1 and 20 can be

preci sel ycpaghtt pre | G..cantrol. Nuneral 15 in Fig. 1 denotes a
cover installed to qgﬁ%fose #%éﬂﬁgg&%§tF§BPeg{2hdsbomeeWenﬁithe processi ng
fluid froaleptaydaig outrndys kg1 pr ' al t hough only the upper front
portion 15a i s open. Qpen pgrt i gnﬂ%géaﬂcfagngef?er?ﬂe@stéd anitankaofr anspar ent

cover so PRefeaini dil wictdss whilhd eu-RSE{L a?ﬂ] £ Ve processing ,
conditgonf he tool drivin devicg 14 is-c%n |gﬁ$2%gﬁﬁFﬁE£ ag@¢} umm 14a and

a spi ndl e"ThiRSHRSTHtde Herkimer eunfase MR RO0RISSRI Ndlgquni t 14a houses a
.sp!ndle, 4!Eé¥}%§§ q;uggg_rotates &gripdstone 2,.a not or to.drive t he .
spindle, and a Z-axis dorePHBP §FPYi hilusirasadidst She Brodesdmyertica
it o e ot R
Processing. The electric conductivity of the fluid may
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
20 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.



driving rotor, and position-detecting scale are equipped in the unit, |ike
Y--axis table 12a and X-axis table 12b. Nuneric control device 16 is a

personal conputer provided-with a parallel and/or serial intg@zg@ﬁgazﬁb 10
i nstance, RS-232C), and drives Y-axis table 12a, X-axis- table e

Z-axis table by NC control. However, n place of the personal conputer, a
customchip and a mcro- servo controller can also be incorporated to nake
up a snmall, sinple NC control device, IS Fig. 2is a circuit diagram of
the power supply for both electrolytic dressing and discharge truing. As
shown in Fig. 2, power supply S applied to table-top ELID processing

appar at ugpt8daecqpstn res L nyent, .o has, a power supply
circuit, ﬁot i||us?Fa?g%?h%ﬁ§e§n§p%?ia%f%ﬁE@t‘?‘@ﬁ%ﬂ@cﬁgg FRERELS, and can
gener at egpihdetbhke2yohtmgesr td deivé | thasspheme,i Bnfl 9 724, LRis circuit
Is provided with a variable resistance R connected between input and

out put t SRRIAaFSr 0drigngtthe capirdttane 9 dey thrdveatyanilabl e capacitor C

Accor di ngEBCE e cpodiiRb i 201t R hko6aR 2LA0che [BoLCLomedC power supply
CLicth § B deRn O Pt 005 B LSO e 102 vl 08
5005, and-var able Sanaty tar SRR e e 34 8 5P EPS tKeps 1
the 0.0ltketwni®), Flilmge-axis table 12a and X-axis table 12b.
Numeric control device 16 is a personal 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-



S Using this configuration, predeterm ned pulse voltages can be applied
bet ween grindstone 2 and electrode 4 by charging capacitor C using a

sinple circuit when output termnals 9b are open, 'and di schaurgiw@é%g[j@
capacitor C when the resistance between termnals 9a and 9b detCre

Fig. 3 is a load characteristic diagramof this power supply. As shown in
Fig. 3, any voltage in the range with a maxi num vol tage of about 150v and

a maxi mum current of 1.2A, can be generated by adjusting variable

resistance R and variable capacitor C 15 Figs, 4A, 4B, and 4C show
vol t ages generated by the power supply in Fig. 2.

exanpl es of _pulse-|ike ]
Fi gs. 4A,19h?1%? T30V 4CIrepadd thonR vabPfb1R resiQQQnang R.= %0001'
respectively, using capacitor Cwith 1 Fin all cases. “PPoft hese fi gures,

one ski | | €319 tHeERstidtee cof colmeianbugany 24. ﬁ]%gr that pul se-1ike

vol t ages ca vbagq,gener ated by adjusting vari% riéfgﬁi%nl%% ﬁgﬁﬁd vari abl e
capacito ) Jakdggkkapkheivolrt goeanare Mng lL.ete pul ses. In addition,
in any of the cases of R = 500, 1000, and 21%%%@5%0 8& Wakde of C =10

[ F reéﬂ%diimthepul-semowimu@-tr e front and rear, however, as the

capacitance was nmade snall, pul ses approached conplete ones, and with C =
ch better than those in

0.1 ()9 MAR 2U8snglitiahsl Cofiduiar iy S e
Figs. 4A .4B, and 4C, accordig;% E%oﬂglﬁ %)%Seﬁtﬁ'éﬁ?nﬁﬁrp%ﬁeout. Even when R

= 5000, XOthB4EFtERTvbe M1 &d Oethredregdnaldeonb Th! 8o PY| & yaves Lo those
in Fig. 4A, 4B, and 4C_5 Referring to the results™o FigScirods, 4B, and
AC, glhg capacitor C using a2 simple circuit when
output terminals Sb are open, and dischargiriq capacitor ¢
When the rasistance between texminals 9a and 9b decreases
10 3 - b )
10 Fig. 3 is a load characteristie diagram of this power
SUupply. As shewn in Fig. 3, any valtage in the range with
3@ maximum voltage of about 150V and a maximum current 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 Ey 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 uF 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



It was confirnmed that the above-nentioned power supply can be applied to

both electrolytic dressing and di scharge truing whenever requL{iigﬁ %?
" power supply 8, output voltage, variable resistance, variable A (2005

etc. can 10 be freely adjusted by controller Sa shown in Fig. 1. Fig-5

- shows the structure of a guide unit qff the work driving device. In Fig-5,
nunmeral O represents a guide rail at the fixed side, 18 represents a guide
block at the driven side, and 19 represents sliding naterials |ocated 15
bet ween both sides. These sliding materials 19 should preferably be nade
of a hard porous carbon material whose dynamc and static friction

coeffici andsowothgut, duwilydCcating ar upstantially the sane as those in
water, These hard porrjous ca%tggr% ]ﬁgfgrﬁﬁgge’i:n‘éq‘%etlﬂ&‘&:eﬁmrﬁmzo

manuf act ypedqby ghHXi Ng resin into degreasing rice bran, formng
and processing the nixfagﬁ '@%#H%ﬁFkﬁﬁgeﬁpeﬁﬁmeatncaruged gass. at nospher e.

Fi g. 6 shpygnt at i i p._. between baking tenperatures and friction
coef ficient s @?eﬂtiﬁ% 25 aé@r’eﬁeﬁ‘ﬁpaﬁéﬁ"ﬁa‘f%ldpdi ous) oHr pEnreaberE@l - I n

9.8 cabekige demeiive of 5,00 Gop more drasti cally reduces the
s i T F A
. Sing and discharge
truing whenever required. 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 coefficients without.
lubricating are substantially the sam; 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
teﬁperatures 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-cdnstantzvalue of



Consequent |y, when such a hard porous carbon material as that described
above (for instance, RB ceramcs) is used as a guide at the sliding unit,

“even if processing fluid intrudes to the linear guide, frictign lﬂ&@,ﬁ%@
coefficients do hot 10 fluctuate, therefore, positioning accur cv

- mai ntai ned high by numeric control. ause friction coefficients do not
vary and the carbon nmaterial is not attacked by a processing fluid, no
seal is required, so sliding resistance can be kept |low. 15 According to

t he aforementioned configuration of the present invention, power supply 8
S conprkigd with the DC power supply and the RC circuit, which generate
pul se-1i 13 dia &ydd . aBblis amebid Mdﬁd;gﬁogohgtgkggirgl%t ic dressing and
discharg%J{Qyin . gﬂgrefore, usi ng this power supply, ™2 1hoth &YeD

processi ng antt di‘séhaPyecPpbfhigient b Sciatied thaen s equited- |n

addi ti on,s3RGALSE b Lrcyit _1s sinple, the size thereof can be nade nuch

smal | er than co%&g%??o%gﬁggﬂ)ﬁ? et?)o\g%t sthYF .ci kouadditidoyigkedy t he sane
device 12 25 and

pul se cudrenrt wislegenek . ddit. Wor k, dri vin
copRecsled ré@?%l Idée%d%n%d %tdry&apé& %ylﬁuh@m c control

too!-drivin device 14 are in _ .

o g oot bron oy oecis iy PP e TR SR S50 52
resul t, EPQEFHB%)FEKI | ¥ReR o¥iEs altessl porogsi BQEBgn(IEHQE%J{ nging) can be
oL BRI B L S BT SRR B VS ST et stance

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.



5 decreasi ng power consunption. Therefore, a hard brittle material and
cemented carbide can be processed highly efficiently at a high aﬁﬁﬂ% q
As descri bed above, the table-top SLID processing apparatus acdo gf Qﬁ
the present invention can process a to hard brittle material and cenented
carbide at a high accuracy, and bot hipower supplies for driving power and
pul se generation can be nmade conpact. Therefore, the apparatus can be
~operated with small power at a | ow voltage (single-phase 100V), and - can
be all enough to be put on a s desk, which are preferred advant ages.

Al though the pres i pvention has been described usi ng several preferred
embodi ment's, i f s%o%ﬁﬁ %’I elfirdeiodwsoe ihapradesssdepes ohg i ghts covered by

t he preseg&lndumgenttgﬁ |lg5 only to these enbodlnents

Conversely, the scope o |gIF§ 0 %3 %R%ﬁsheﬁvéﬁ#ﬂgna smaludes all

amendnent Sinder peG'Eromuppanch,eqmugabgagingrgégls%gﬁggl%?ngl?% tELT Be scope of
p

the attached cl ai ns -9 MAR 2005~ O ai1rs
proce55|rﬂf%ﬁﬁégrﬁ?ﬁgc%ﬁwﬁﬁ|@ﬁeﬁglag tbadgcindst okl ndst pre, f o processing a

wor KpiseC e 25 56 de installed with a predeterm ned spacing fromthe
gorklngfsjlgaggl%ﬁcéi conéﬁﬁ??& °ﬁr|?REﬂQ£;§E:?? bﬁb%efsmﬁulilsﬂ d sugplylng
evice fmateppal yiadd @ené ssin ui et ween the grindstone
G Dover™ Sl FoP agpTAATg < e eheage

and the electrode, and a power su it bet ween t he
gri ndst oRELARECR Y dtect hégh, amerﬁm

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 bglonging to the scope of the attached claims.



the power supply conprises a DC power supply and an RC circuit, which
generates pul se-like voltages, and can be applied to both electrolytic_
dressing and discharge truing, the RGgircuit conprising a gy i 2{]05
resi stance R connected between input and output termnals at the positive
side and a variable capacitor C connected between the positive and
negative | cngsmet output termnals; and the apparatus al so conprises a
work driving device for driving a table with a workpi ece nounted thereon
in horizontally orthogonal directions X and Y, a tool- driving device,

whi ch whi | ¢ rot at,i t-he n iV | hdst on round the vertical shaft Z
t her eof , dffl'ves ht ﬁ%b&% r\cc?f téﬂrgﬁ? ﬁ%%%é%/%rﬁ c%ﬁpgfggggi on thereor in

rel ati on tootdecabr&pi @gcndaincha ntwer igraaddialg deyvi e r firedynerarcal |y
controlling, the Work, driving device and the tool-driving device. 2. The

t abl e-t op %E?ﬁﬁ?%%e%’%?ﬁﬁl%%ﬁa}“éms aspeepeiegmipede spaeing iH&eith e he wor k
driving deybgrihng guhdedly adhar @h%oroé'?n&é‘ét?%em? iﬁtﬁsx‘{%\ﬁéﬁ dynam c
coefficients and static coefficients of friction, without lubricating and
in water, Brecsmbstnant ifaliy t heugahpeing ABSTRAET A@ondeupbbygiggi ndst one 2
for processi a_workpiece 1, an_e|lectrode 4 installed.parallel to, the
procgssi ngé&gglrl?%%‘ée of” I s@&ﬁ%c?igéggr}?%dﬁeﬁheihg pgjéﬁlg(g%?ﬁ €1 1A%

suppl yi ng teyi eeebttofesuppllyiand@ronsussl werpr 06pp3kRbg 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.



fluid between the grindstone and the el ectrode, and a power supply 8 for

applying a voltage between the grindstone and the el ectrode ax @ %zr%ﬁ%
Power supply 8 is conprised wth a DC power supply and an RC™ dﬁ ) L

whi ch generate a pul se-like voltage, and can be applied to both
el ectrolytic dressing and discharge truing. In addition, a work driving

device 12 for driving a table with tAé workpi ece mounted thereon, in
hori zontal ly orthogonal directions X and Y, a tool-driving device 14 for
grindstone vertically with respect to the workpiece

driving the conductive
while rotating the grindstone around the vertical shaft Z and a nuneric

control device 16 (personal conputer) for nunerically driving devices 12
a hard brittle material and cenented carbi de can be

and 14. Thus,
processed at a high accuracy, bﬁ%@%fﬁﬁﬁé supplies for driving power and
generating pul ses can be nade co ; the systemcan be driven with a
smal | anmount of power at a | ow voltage (100V) and can be nade so conpact

that it is nmountable on top of a table. ,
A conductive grindstope 2 for prace551ng 4 workpiece

i 1, an electrode 4 installed parallel to the processing
surface of ‘the conductive grindstone, a Processing fluid
supplying device 6 for supplying a conductive Processing
fluid between the grindstone and the electrode, and a power
supply 8 for applying a voltage between the grindstone and
tha electrode are provided. Power supply 8 is comprised
with a DC power supply and an RC circiuit, which generate a
pulse-like voltage, a;d can be applied to both electrolytic

- dressing and discharge truing. In addition, a work driving
device 12 for driving a table with the workpiece mounted |
thereon, in horizontally orthogonal directions x and ¥, a
tool-driving device 14 for driving the conductive
grindstone vertically with respect to the workpiece while

-‘rotatlng the grindstone around the vertical shaft z, and a
n?gerlc control device 16 {(personal computer) for

- numerically driving devices 12 and 14; Thus, a hard

;brittlefmaterial.'and cemented carbidé can be processed at

-2 high accuracy, both power.suppiies for driving power and
generating pulses can be made compact, so the system can be

driven with a small amount of power at a low voltage (100V)

and can be made so compact that it is mountable on top of a

table



