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plasma discharge truing apparatus that trues a conducti've - grindstone wth

a. speci al shape such as an extrenely fine or thin sha&gz%ﬂ tﬂﬁnné@ﬁﬁne,
and fine-machi ning nethods using the apparatus. Pr As

optical tel ecomunications systens andloptical technol ogies have rapidly

progressed, hard bribtheunBt8FiRkER SPEHTRS iﬁ?ﬁkﬁﬁ&?ﬂﬁ§§1 optical gl ass,
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optical crystals, and sem conductor nonocrysta wi dely used.

Therefore, a technehegmAciTefd ¢iraHdns vaawdr atiel XxppaRACUHY or ot herwi se
shaping these hard brittle materials is strongly demanded in the
i ndustrial field. El ectrol ytic in-process dressing grinding (ELID

BACKGROUND OF THE INVENTION

1 field of t inv ion
The present invention relates to a machine-top plasma
discharge truing apparatus that trues a conductive
grindstone with a special shape such as an extremely fine
or thin shape on the machine, and fine-machining methods

using-the apparatus.

Prior art

As optical telecommunications systems and optical
technologies have rapidly progressed, hard brittle
materials such as fine ceramics, optical glass, optical
crystals, and semiconductor monocrystals have been widely
used. Therefore, a technology for efficiently, accurately
slicing or otherwise shaping these hard brittle materials
is strohgly demanded in the industrial field.

Electrolytic in-process dressing grinding (ELID
grinding for short) is attracting attention as a processing
method that is particularly suitable for forming such hard
brittle materials. In the ELID grinding method, a
conductive grindstone with extremely small or thin diamond

grains, is used, and the workpiece is ground while

-]

electrolytically dressing the grindstone. The features

1,

include high machining accuracy, high-quality surface in
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grindirg for short) is attracting attention as a processing nethod that is
particularly suitable for formng such hard brittle materials. In the ELID
grinding method, -a conductive grindstone with extrenely small or thin

di anond grains, is used, and the workpiece is ground while

el ectrolytically dressing the grindstone. The features include high

machi ni ng accuracy, high-quality surface in

2 roughness, and easy processing of tRree-dinensional hard parts.

Even with_a _grindston
wor k forgg%gg

far | cf.oscopi cal,

h i all
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éﬁfine machi ni ng
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can occhgrggring manuf acturing. Therefore, before the grindstone is

appl i ed ch precision nmachining as the ELID grinding,

essentricity or

deflection thegeeh Hush HegrenyeshdYshdgdd Npecially fdewever, with the
metal bond grindstone used in ELID grinding, the hardness of the bonding

mat eri al miigrsecbpgballhafihbemgechibi@ne sianfuyt e dmedos efifdecicent |y by

conventional methods. In addition, correction accuracies

thin shapes etc., essentricity or deflection can occur

during manufacturing. Therefore, before the grindstone is

applied to such precision machining as the ELID grinding,
essentricity or deflection thereof must be removed by
truing.

However, with the metal bond grindstone used in ELID

grinding, the hardness of the bonding material is so high

that the grindstone cannot be trued efficiently by

conventional methods. In addition, correction accuracies

are limited, so conventional truing methods cannot be used

easily. More explicitly, when a grindstone applied to a

hard brittle material either is extremely small, extremely

thin (for instance, a diameter of 1 mm or less, a thickness

of 1 mm or less) or has a complex shape, if a tool contacts

the grindstone during mechanical truing, the grindstone

body deforms, therefcre, it cannot be trued to a high

accuracy, which poses a problem.

On the other hand, electric discharge machining 1is

known in the prior art as a non-contact machining method.

According to this machining method, the workpiece to be

machined is placed opposite a machining electrode ir

insulative processing solution, with a gap, and the

workpiece is machined to remove excessive portions by



are limted, so conventional truing nethods cannot be used easily. Mre
explicitly, when a grindstone applied to a hard brittle material either is
éxtrenely small, extrenmely thin (for instance, a dianeter of 1 nmor |ess,
a thickness of 1 nmor less) or has a conplex shape, if a tool contacts
the grindstone during nechanical truing, the grindstone body deforns,
therefore, it cannot be trued to a high _accuracy, which poses a problem
On the other hand, electric discharge methining is known in the prior art
as a non-cont actIpmaehisnimaghieti hgdme tA6&Pr Howigvd 0, tiHSrdrantd ¥rud ikgishod, the
wor kpi ece to be machined is placed opposite a nmachining.electrode in an
i nsul ati velrprioskssy ng isdihg isbapeniotthaa gapctande tives wirdk ppeesdjsstmhi ned
to renove excessive portions by repeating short pul sive arc discharges.
3 | reqdn iR Hidianglafdinesd procRevend shepe, afe) pfRd¢EME i ncl udi ng
(1) the shape of an el ectrode nust be preadjusted according to a desired
processi nPEHERE 11 SiRcdinnde FEWEES PREXBEBER r DyRUEHhdP? he wor kpi ece
should be céﬁ%ggfﬂééﬁ% gé?ééf?)h(BSSEaE%EgguEggSEu%Eéﬂ%Q%ugysgebe

supplied between the electrode and the workpiece, which

requires a large and complicated power supply, and (4) the

electrode must be replaced frequently because its shape

alters due to consumption of it.

SUMMARY QOF THE INVENTION

The present invention has been achieved to sclve the
aforementioned various problems. That is, an object of the
present invention is to provide a plasma discharge truing
apparatus that can efficiently remove essentricity and
deflection of a grindstone with a special shape such as an
extremely small or thin shape, does not deform, can true a
workpiece to a high accuracy, needs only a small-sized,
small-output power supply, does not require a complicate
control circuit or device, and uses consumable parts that
are easy to manufacture and remachine, such as electrodes,
and to provide fine machining methods using the apparatus.

The inventors of the present invention noted that
contactless, highly efficient, and accurate truing can be
achieved by rotating a circular disk-like electrode while

generating uniferm, high-efficiency sparks (plasma



supplied between the el ectrode and the workpi ece, which requires a |large
and conplicated power supply, and (4) the electrode nust be replaced
frequently because its shape alters due to consunption of it.

SUMVARY OF THE | NVENTI ON The present invention has been achieved
to solve the aforenmentioned various problenms. That is, an object of the
present invention is to provide a plasma discharge truing apparatus that
can efficiently renove essentricity andd deflection of a grindstone with a

speci al  shape-sdicd 2% Alie X HHRITRIN 3R BF Eﬂé”e?a@é’@?odé’ogsdn@&e def orm
can true a morkplece to a high accuracy, needs only a small-sized,

smal | - out pgit i EYEInSURY .aldRe it theqpowerascppbyi eahebecaasieol circuit
or device, and uses consunable parts that are easy to manufacture and

remachi ne, compdrasvigiled rowds, oupditt capeoiitgde hdevaatathong o€t hods usi ng
t he appar at us. The inventors of the present invention noted that
cont act | essledixpds Hidne e bearareaddyr SLEPELEEAE - cath thee Haxdst by
rotating a circular djisk-1like electrode whi |l e enerating uniform
hi gh- eff|Ct@©C90%$Rﬁ fy%Egegﬁng metal bond grindstene used 1n ELID
grinding is used to generate a plasma discharge at a
microscopic gap between the grindstone and the electrode,
thereby a metal bond portion can be dissolved and removed
without contact at a high accuracy, therefore, the surface
of the grindstone can be modified into a preferred shape.
The present invention is based on the above-mentioned
knowledge.
In more detail, the present invention provides a
plasma discharge truing apparatus with a conductive
grindstone (12) for machining workpiece {1), a circular
disk-like discharge electrode (14) whose outer rim (l4a)
can access a surface (12a) to be machined by the
aforementioned conductive grindstone, an electrode rotating
device (16) that drives the above-mentioned discharge
electrode to rotate around its shaft center Z, a position
control device controlling a relative position between the
outer rim of the electrode and the grindstone, a voltage
abplying device (20} for applying pulses of a predetermined
voltage between the grindstone and the electrode, and a
mist supplying device (22) for supplying pressurized
conductive mist between the grindstone and the electrode.

Rccording to the above-mentioned configuration of the
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resent invention, the aforementioned sparks {plasma



4 di scharge) between the outer rimof the electrode and the grindstone,
and al so that the power supply can be nmade conpact with a small out put
tapacity, and variations of electrode shape can be greatly suppressed. In
ot her words, the conductivity of a netal bond grindstone used in ELID
grinding is used to generate a plasma discharge at a microscopic gap

bet ween the grindstone and the el ectrode, thereby a netal bond portion can
be di ssol ved and rempved without contact at a high accuracy, therefore,

the surfagescohriRe gbhndst gegccanefestBEl §iwadd0 wndrafers edrshape. The
present invention is based on the above-nentioned know edge. In
nor e det aithe taeapiagentrcntent doskpl Oke déss ehapd e« setee alirsetwmrdat )t r ui ng
apparatus with a conductive grindstone (12) for nachining workpiece (1), a
circul ar agidskhei kecdiindhgr garéheet (dde) (ad)thmosenditasvve i m (14a) can
access a surface (12a) to be nmachined by the aforenentioned conductive

gri ndst ongx ipglsgoaet ridde Woese RES18ENCES (IONt¥pbiedihY e RIFLEioOn

above- nenti oned di scharge clrode to rotate around its.shaj;ﬁﬁfnter Z, a

| e
posi tion SOBHESSH d&@GF@e(&gﬁtro PFRBYatPEI BETIE DORG tRUN- 18t et the  outer

rimof th%xﬁkﬁﬁﬁﬂ%%?g%g%dg@%n%r%g%sggngisgdygé&a%%d removed highly

efficiently and accurately, so the surface of the
grindstone can be altered to a preferred shape.

Because the discharge electrode (14) rotates around
shaft center Z by means of electrode rotating device (16),
even if the electrode is consumed by a plasma discharge,
the electrode can maintain a satisfactory roundness, even
after it has worn by the plasma discharge, so that the
electrode can be operated continuously for a long time.

In addition, a mist-supplying device (22) feeds
pressurized conductive mist (more preferably, a mixture of
slightly conductive aqueous solution and compressed air)
between the grindstone and the electrode, therefore,
compared to the case in a dry state or where an insulative
liquid is directly supplied, the plasma discharge can be
generated stably with a higher current at a lower voltage,
and the power supply can be made more compact with a’
smaller output power. Furthermore, from an experiment, it
was confirmed that when using the above-mentioned
pressurized conductive mist, efficiency and accuracy of
truing can be raised.

The present invention also provides a fine machining

method with a plasma discharge truing process (A} wherein a



appl yi ng device (20) for applying pul ses of a predeterm ned voltage
bet ween the grindstone and the el ectrode, and a m st supplying device (22)
for supplying pressurized conductive m st between the grindstone and the
el ectrode. According to the above-nentioned configuration of the
present invention, the aforenentioned sparks (plasnma

5 di scharge) can be generated stably between the outer rimof the rotating
circular disk-like discharge el ectrode {14) and the machi ni ng surface

(12a) of therconduciiye 1:igid tHSRe (1) cWhes8:POSA ¢§d@@ru;mlled by a
position control device (18), thereby the netal bon ortion of the

conduct i veagraéwglst onien cande ctirssilleved ardesemmnyethadi gdmks/acef f{izdaently and

accurately, so the surface of the grindstone can be altered to a preferred

shape. to bBeraatsmadieoyis crardyetdivecgraddstany (b2 hat esndraund shaft

center Z by neans of electrode rotating device (16), even if the el ectrode

i s consuneeléytroge atadine avjee &he&t AsdEesakhemi ntain a

satlsfactor¥ roundness, even after (it has worn b{éthe pl asma dlscharge SO
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center 2 are provided, and while supplying a pressurized
conductive mist between the grindstone and the electrode,
DC vecltage pulses are applied between the conductive
grindstone and the discharge electrode, and the workpiece

~surface is shaped by the discharge; an electrolytic
dressing process (B) wherein a dressing electrode {28) with
an opposed surface (28a) separated from the machining
surface of the above-mentioned ccnductive grindstone (12},
and while supplying a conductive liquid between the
grindstone and the dressing electrode, a DC voltage is
applied between the conductive grindstone and the dressing
electrode, and the conductive grindstone is dressed by
electrolysis; and a grinding process (C) wherein the
conductive grindstone machines the workpiece.

According to the methods of the present invention, a
conductive grindstone with a special shape such as an
extremely fine or thin shape, whose essentricity and
deflection are removed by the plasma discharge truing
process {A), is used to perform an electrolytic dressing
process (B) and a grinding process (C) on the same machine

either simultaneously or repeatedly, so that adverse
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essentricity or deflection can be prevented,

iy

ffect

n

o

(')

ner with removing positioning errors that may occu

t
Q
Q
0]
ct
m



In addition, a m st-supplying device (22) feeds pressurized conductive
mst (nore preferably, a mxture of slightly conductive aqueous sol ution
and conpressed air) between the grindstone and the el ectrode, therefore,
conpared to the case in a dry state or where an insulative liquidis
directly supplied, the plasma di scharge can be generated stably with a
hi gher current at a | ower voltage, and the power supply can be made nore
conpact with a smaller output power. Furthernore, froman experinment, it
was confi t hat en.using the above-nenti gned ressuri zed conductive
m st efﬁ%g?gﬁc§eéﬁ§@52%ﬁﬁé%§ %? 2 (WY RS B ai é&Feéére' & The present
i nvention.,aksq.,p Ld fLpe chi nj ; od..w.th a.pl.as di schar ge
LT ng pggegsgr(;§Y$h§§g?ﬁ*%- cORODL WG 1 1B RO F R ARl as | 5
circul ar adaskckhkgrdigcharge el ectrode (14) provided with an outer rim
(14a) capable of accessing the surface (12a) to be nmachined by a
conductive grivdseoner( 12)ncansk@ssuel A raRiutiatd ra sdevisce (16) that
drives the aforenentioned discharge electrode to rotate around a shaft
center Zsapplpedvifdeddianbawhel ersimpl yasigles qrigsslirdbeack, the

efficiency and the accuracy of truing can also be raised.
Other objects and advantages of the present invention
are revealed through the following description referring to

the attached drawings.
RIPTI F TE \WIN
Fig. 1 is a general view of the configuration of a

plasma discharge truing apparatus according to the present

invention.

3%

Fig. shows the principles of plasma discharge.

[9Y]

Fig. is a view comparing critical discharge gaps.

tx

ig. 4 compares actual input voltages.

shows the relationship between input voltages

o

Fig.
and truing efficiencies.

Fig. 6 compares truing accuracies.

RIPTI F P RRED F TMENT

Preferred embodiments of the present invention are

described pelow referring to the drawings. Common portions
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conductive m st between the grindstone and the el ectrode, DC voltage

pul ses are applied between the conductive grindstone and the discharge

el ectrode, and the workpiece surface is shaped by the discharge; an

el ectrolytic dressing process (B) wherein a dressing electrode (28) with
an opposed surface (28a) separated fromthe machining surface of the
above- menti oned conductive grindstone (12), and while supplying a
conductive |iquid between the grindstobe and the dressing el ectrode, a DC

vol t age i sje fppidtadPetavegrdrh@eganductive grindstone and the dressing
el ectrode, and the conductive grindstone is dressed by electrolysis; and a

grinding processi(Q) Her & GehbealConguChE vErgr datisiqne temhic®s t he

wor kpi ece. According to the nethods of the present invention, a
conduct i veolpsmadsticnshanigeh taruspeciapbashéipe sacbradsnanto ekive epedserti ne or
thin shape, whose essentricity and deflection are renoved by the plasm
di schar ge invgmyiopr 0&6sSHEAR, insE Med1 t o> ey rdh I YOINT ¢ dr essi ng
process (B) and a grinding process (C) on the same nmachine either

si nul t ane RARP3L BFUY eﬁéeﬁ%gl Wepﬁépnaéh?e%@v @F@e‘é%%h& ‘é%%‘é‘n‘t:ﬁ‘é?ty or

T oo e B o © vented,,  fggether with removi N9 RogiLieniag £frors

an electrode rotating device 16, a position control device
18, voltage applying device 20, and a mist-supplying device
22.

Conductive grindstone 12 is, in this example, a metal
pond grindstone using fine diameter grains. The grindstone
12 can groove or slice or form workpiece 1 to be machined
when the grindstone travels to the left in Fig. 1. This
¢onductive grindstone 12 is also driven and rotated around
its shaft center. the position control device 18 centrols
the relative position between outer rim 14a of electrode 14
and grindstone 12.

The thickness of the metal bond grindstone can be &

|3}

ree valiue, for instance, 1 mm or less. Conductive
grindstone 12 can also be an extremely small metal bond
grindstone.

Circular disk-like discharge electrode 14 is provided
with outer rim 14a that can access machining surface 12a of
conductive grindstone 12 (sharp-edged grindstcne). Outer

rim 1l4a of discharge electrode 14 is formed into a complete

3

circle with the center of shaft center Z thereof. he
ckness of this discharge electrode 14 should be as sma

as possible provided true roundness can be maintained, sc



f during

reinstallation of a workpiece etc., therefore, a hard brittle

mat eri al can be machined highly efficiently and accurately.

Mor eover, since pressurized conductive mst is supplied for discharge
truing, as described above, the efficiency and the accuracy of truing can
al so be raised. Ot her objects and advantages of the present

i nvention are revealed through the fol4ow ng description referring to the

att ached

dr awi ngs. BRI DESCRI PTI ON OF THE DRAW NGS

Fig. 1 ismegenanaliivi-ed glakhe aesthgupationaefidved) assm diagharge truing
according to the present invention. Fig. 2 shows t he

princi pl es dhipkasrs @msahmmger less isPpgefd@rrsda view conparing critica

appar at us

di schar ge

gaps. Fig. 4 conpares actual input voltages.

Fig. 5

shows the rel at Désshiagserheshrpdpul 4vos tmgestedimn tingd neptefttiing enci es.

F|g 6 co

npares t rui_ng accuracies. . )
haft of electrode rotating device 16 (for example, a

motor), and can be driven and rotated around the center of
its shaft center 2.

Voitage applying device 20 is configured with a DC
power supply 24, a pulse discharge circuit 25, and a
current feeding line 26. DC power supply 24 generates a
predetermined DC voltage (for instance, DC 60V ~ 100V),
which is applied to the input terminals of the pulse
discharge circuit 25, Current feeding line 26 is composed
of brushes 26a (current feeding means) sliding on and
contacting the rotating shaft of grindstone 12 and the
surface of discharge electrode 14, and connection lines 26b
for electrically connecting brushes 26a and output
terminals of pulse discharge circuit 25. The positive side
of the output terminals is connected to the grindstone, and
the negative side thereof is connected to the electrode.

Mist—supplying device 22 supplies pressurized
conductive mist between grindstone 12 and electrode 14.
This pressurized conductive mist should preferably be, for
instance, a mixture of a water-scluble grinding fluid and
compressed air, used in ELID grinding. This fluid is not a

complete insulative ligquid, but is electrically conductive

to some extent {for example, 1300 ~ 1800 uS/cm). More

preferably, it should be a weak conductive aqueous soclution



DESCRI PTI ON OF PREFERRED ENMBODI MENTS Preferred enbodi nents of the
present invention are described belowreferring to the draw ngs. Comron
portions in each drawing are nunbered identically, and no duplicate

8 description is given here. Fig. 1 is a general viewof the
configuration of a plasma discharge truing apparatus according to the
present invention. As shown in Fig. 1, plasma discharge truing apparatus
10 of the invention is provided with aoconductive grindstone 12, a

ci recul ar Ilkg |sgh eI g A Iectrode rotating device
16, a po?gklgﬁ coﬁ 6r* 8ev %5 uc*%?t%g cY %2 Vi€ ®20, and a

m st - supggxwggndgy% atg 2 and gpggygé ge grlndstone 12 is, in this

exanpl e, a netal ren stone using Tine dianeter grains. The
grindstone 12pggn gr@@aﬁs()%ﬁha:s;}ew@é dOrgN KR iR ak g0 DEnmpehi ned when
t

the grindstone travels to e left in Fig. 1. This conductive grindstone
12 is al 29 dhevegrandstohat @d andustlectrode 14 are charged with

positive and negative potentials, respectively, metal
portion 12a of the grindstone is ionized, and ions are
isolated at a high efficiency in a plasma state. When
there are conductive mist particles between grindstone 12
and electrcde 14 in this state, the route of the current
there-between tends to be kept stable, so discharge
phenomena are stabilized. As a result, a high-energy
condition is established, wherein the temperature between
the electrcdes can easily increase, therefore, the
efficiency of truing sharply rises, and discharge truing
takes place as the plasma state occurs

In the configuration of the plasme discharge truing
apparatus 10 shown in Fig. 1, the discharge electrcde 14 is
rotated at a predetermined pe ipheral speed. The grindstone
12 is alsc rotated at another predetermined peripheral
speed. The grindstone 12 is reciprocated in the axial
direction by means cf position control device 18 and fed in
the radial direction at the same time at a predetermined
speed. A predetermined gap is maintained between the
grindstone 12 and the electrode 14, pressurized conductive
mist is fed into the gap, stabilized discharge sparks are
produced, and plasma discharge truing is carried out.

According to the afcrementicned configuration of the

z

present invention, the voltage-applying device 20 stably



its shaft center. the position control device 18 controls the relative
position between outer rim 1l4a of electrode 14 and grindstone 12.

The thickness of the netal bond grindstone can be a free value, for

i nstance, 1 nmor |ess. Conductive grindstone 12 can also be an extrenely
smal | metal bond grindstone. Circul ar disk-1ike discharge el ectrode
14 is provided wth outer rim 14a that.can access nachining surface 12a of
conductive grindstone 12 (sharp-edged grindstone). Quter rim 1l4a of

di scharge géeetspsle dfetiss f @Inmohd i@ cRacelP! BEewebhl €he #htbrthgycenter of

shaft center Z thereof. The thickness of this discharge electrode 14

shoul d be &aéasoil the adi possidd e lmaindoded 14r eedr bhadmessinang beunfadd ai ned,
9 that stabilized plasm

Zﬁscharge 132 aehi Bvedcondictemindsgonisi dRnewsoot pomhfbenl ess is
preferred. _Discharge electrode 14 is _mpunted on the rotating shaft
of el ectroBRNEBRRE¢HPYeVIe LAB (i copdspiding daBise) 18anBheanthbe driven
and rotated; ar oUnde 18 SEUENST & et "B R 80t E 0% of the
condu;tive grindstone 12 is dissolved and removed in a
contactless, highly efficient, and highly accurate way,
therefore, the surface of the grindstone can be alte:ed to
the preferred shape.
In addition, because the discharge electrode 14 is
rotating around the shaft center Z by means of th
electrode rotating device 16, the roundness of the
electrcde can be maintained, even after it is consumed by
the plasma discharge, so the electirode can be operated
continuously for a long time.
Furthermore, pressurized conductive mist is supplied
between the grindstcne and the electrode by the mist-
supplying device 22, therefore, compared to the case in a
dry state cr another when an insulative liquid is supplied,
a plasma discharge can be stably generated at a lower

voltage with a larger current. As a result, the power

supply can be made more éompact with a smaller output power.

[Embodiments]
Embodiments of the present invention are described
pelow.

As shown in Fig. 1, plasma discharge truing apparatus
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invention is configured with a DC pulse



Vol t age appl ying device 20 is configured with a DC power supply 24, a
pul se discharge circuit 25, and a current feeding line 26. DC power supply
24 generates a predeterm ned DC voltage (for instance, DC 60V ~ 100V),
which is applied to the input term nals of the pulse discharge circuit 25.
Current feeding line 26 is conposed of brushes 26a (current feeding neans)
sliding on and contacting the rotating shaft of grindstone 12 and the
surface of discharge electrode 14, and gonnection lines 26b for

el ectrically connecting brushes 26a and output term nals of pulse

di schar gePeVREUFEPREY %ﬁ@%%ﬁﬁﬁt%R&iXﬂﬂﬂbdﬁdﬂcﬁhéoéuﬁpdtaté#ﬁFH P5 is

The ol oot fod. Loke' alsGhards Slicsnots di cr i92m g FOEaErestlr fod
d I i zed
conduct i vCRP Rt 1 Bhou prat e aaty t sheRgPs pnEpbRREoddr eyl pRg T o

wat er - sol yplecgri pgb ngriﬁgwo@@dm clogmﬁels;%%p x@grlpr%%@wn {ELLRL" | ndi ng.

This fluid is not a Conplete insulative |iqui but is”electrically
conductivexitd 80ABcEXdENt afd othexam®e, rik30dr th0QriensksSnenkndMre

preferably, it should be a weak conductive aqueous sol ution
the electrode overlap during truing.

Truing media used for discharge truing included (1)
AFG-M (low-conductivity aqueous solution used for ELID
grinding), (2) pressurized conductive mist produced from
AFG-M using compressed air, and (3) pressurized air, and
the results were compared with case (4) in which these
media were not used, that is, there was only an air gap.

According to the fundamental theory of
electrochemistry, the electric machining mode in a system
such as that described above accompanies mutual actions of
a truing grindstone, an electrode, and operating media. In
addition, the truing mechanism using a conductive agqueous
solution (AFG-M) is explained as a complicated process in
which variocus electric machining actions and reactions
coexist. An object of the present invention for a plasma
discharge truing apparatus and fine machining methods using
the apparatus is to provide a truing process for a
particular machining purpose, therefore, the invention can
also be understood as a system for optimizing the
efficiency of electric truing by controlling the mechanism
thereof. Consequently, the invention can be applied alsc

to similar types of tool.



10 having a function for reducing electrical resistance between grindstone
12 and el ectrode 14. : Fig. 2 shows principles of plasma discharge. In
Fig. 2, when grindstone 12 and el ectrode 14 are charged with positive and
negative potentials, respectively, netal portion 12a of the grindstone is
ionized, and ions are isolated at a high efficiency in a plasm state.
Vlhen there are conductive m st particles between grindstone 12 and
electrode 14 in this state, the route &8 the current there-between tends
to be kept:stadd s SR ARSI csphenonena are stabilized. As a result, a
hi gh-energy condition is established, wherein the tenperature between the
el ectrodes can emsigtidyn@reases tharateeeisthes, effié cAmney~nadntIdtidy
sharply rises, and discharge truing takes place as the plasma state
occurs. - truingd sydtercovds gursdtaldrdobnt Bevpkasoal dischanjeg tcen peyr,
apparatus 10 shown in Fig. 1, the discharge electrode 14 is rotated at a
pr edet er m 3@ PREriPpHertAs khewre perigrmedst obe the festd,s@ atsdt ed at
anot her predeterm ned peri pheral ‘speeg. The grindstone 12 is reciprocated
in the axi&foR RIREIF AR FBEAREFORSoF2O08N O oht FBI 1RebPLekaBSam Y ed in
the radial,direction,at the sanme tine at edetengggi éﬁged. A

, Et

d i
or edet er mi hedl TAET IR TR (iickn PRELRG the e

grindstcne was rotated at 200 rpm, reciprocated in the 2
direction at 100 mm/min, and simultaneously the truing
electrode was rotated at 100 rpm.

(Critical gap for discharge)

types of cperating media, that is, air, AFG-M, pressurized

o

mist, and compressed air. Obviously, the gaps are, from
small to large, Qu:r < Joair < Gmist < Garee

(Voltage drop)

)';-j

ig. ¢ is a graph showing working vecltages with the
four operating media under the same conditiocns. Greater
voltage drops are for truing using AFG-M and pressurized
mist. This might be because another electric machining
action of any type may occur at the same time.
(Truing efficiency)

Fig. 5 illustrates the relationshib between input
voltages and truing efficiencies using the four operating
media under the same conditions. The gap between the

grindstone and the electrode was set at a constant value of

30um. Test results clearly show that with all four

cperating media, as the input voltage was increased, truing



grindstone 12 and the el ectrode 14, pressurized conductive mist is fed
into the gap, stabilized discharge sparks are produced, and plasma
«di scharge truing is carried out. According to the aforenenticned

configuration of the present invention, the voltage-applying device 20

stably generates sparks (plasma di scharge) between the outer
14a of the discharge electrode 14 and the nmachining surface 12a of the
conductive grindstone 12, whose positign is controlled by the position

controlling devi ce 18 V%en t he | ectrode |s rotating, a netal bond
Sortion offfhElCRSAAREE? VEPGTS onélR13dfst H?%so?%éﬁp%nd removed in a
contacti egs Qiggéy gf&ﬁ&hggie {géﬁ% L+ ac%u herg&ore t he
surface o Fﬁ r|n St oné n be altere e pre er & ape

In

addi ti on, AP@CﬁuéﬁeLQ&z%Sz%@ﬂ:ﬁew&ﬁeeﬁsré&jew3e4re' Sarget abi Qﬂaaﬁ.ol’éﬂd the shaft

center Z by neans of the electrode rotating device 16, the roundness of

the el ecthadecgasrpeanai a1 ni etk comeii af WRIrd tuks BogBeredhby thBe pl asma
di scharge, so the el ectrode can be operated continuously for a long tine.

efficiency when using air, and this tendency was more
significant as input voltage was increased.
{(Truing accuracy)

Fig. 6 shows truing accuracies with the four
operating media. The truing accuracy using pressurized
mist as an operating medium is the highest, and the other
operating media can obviously also achieve similar
accuracies.

According to the present inventicn, it was confirmed
that the machining accuracy required for ELID grinding
could be assured by emplo&ing plasma discharge truing as a
means of electric truing, and performing fine truing of the
metal bond grindstone used in microscopic grinding work, in
a precise way.

Tn addition, the following advantages were also
proved to be available by applying the above-mentioned
plasma discharge truing.

1. A conductive bond grindstone such as a metal bond
and resin-metal composite bond can be trued.

2. Because the electric truing method provides non-
contact machining, a grindstone with a small diameter and
thickness can be trued precisely.

3. Using an NC machine, a grindstone with a

complicated surface shape can be trued.



Furthernore, pressurized conductive mist is supplied between the
grindstone and the el ectrode by the mst- supplying device 22, therefore,
eonpared to the case in a dry state or another when an insulative |iquid
is supplied, a plasnma discharge can be stably generated at a | ower
voltage with a larger current. As a result, the:. power supply can be nade

nore conpact with a smaller output power. [ Enbodi nment s]

Enbodi nents of the present invention ang described bel ow. As shown
in Fig. 1, plasma discharge truing apparatus 10 of the present invention
i's configured withEdeptrpgl §suing can remove deflection of a 12

power supply. (valtage applying device 20) and a circular disk-1Iike
di schar ge Jé%?tsr‘r?d@'lfsdg‘ie\y}én%éna‘akét S§VeR AyPar-EdFLVS. SRS ditbodi nent

o) oY= 2 B e iR e Bl D gt 2ozt ven
and the elpild Qs VL JrRMYREiIEEY"Fhile maintaining the shape
of the grindstone.

Hence, the plasma discharge truing apparatus
according to the present invention and the methods for fine
machining using the apparatus can efficiently remove
essentricity and deflection of an extremely small, thin
grindstone, so that the grindstone can be trued highly
accurately without deforming the grindstone, using a
compact, small-output power supply, without needing a
complicated control circuit or device, and consumable parts
such as an electrcde can easily be manufactured or
reprocessed, which are excellent practical advantages.

Although the present invention has been explained
referring to several preferred embodiments, it should ke
understood that the scope of rights covered by the present
invention should not be limited only to these embodiments.
Conversely, the scope of rights of the present invention
should include all modifications, amendments, and similar

matters included in the scope of the attached claims.
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Truing nedia used for discharge truing included (1) AFG M

(I ow conductivity aqueous solution used for ELID grinding), (2) _
pressuri zed conductive m st produced from AFG M using conpressed air, and
(3) pressurized air, and the results were conpared with case (4) in which
these nedia were not used, that is, there was only an air gap.

According to the fundanental theory of electrochenmstry, the electric
machi ning mode in a system such as thdt® described above acconpani es mutua
actions of -a truing grindstone, an el ectrode, and operating nedia. In

addi tion, the truing nechani smusing a conductive aqueous solution (AFG M

is explained as a conplicated pHEAZe3S ChAIMADchSvarious el ectric nachining
actions and reactions coexist. An object of the present invention for a

pl asma di scharge truing apparatus and fine nachining nethods using the
apparatus is to provide a tryjng process for a particular machining

purpose, ther ef of e, H tPER SR et § P TR 96 BEPBRAEHSt 6BBPASSANEyEt em f or
optimzing the eftficiency of el ri tran Qy_contr | I.i ng the mechani sm
t her eof . CﬁﬁgghﬁénY?ygr%ﬂésf%@%nff%% ééﬁ]qﬂf n@dWQFgBlng §9ﬁvl3r types
of tool. circular disk-like discharge electrocde (14) with an outer
rim {l4a) that can access a surface (12a) to be processed
by the conductive grindstone, an electrcde rotating device
(16) that drives and rotates the discharged electrode
around shaft center Z thereof, a position controlling
device (18) for controlling the relative position between
the outer rim of the electrode and the grindstone, a
voltage applying device (20) to apply predetermined voltage
pulses between the grindstone and the electrode, and a
mist-supplying device (22) for supplying pressurized
conductive nist between the grindstone and the electrode.

2. The plasma discharge truing apparatus specified in
claim 1, wherein the pressurized conductive mist comprises
a nixture of low-conductivity aqueous liquid and compressed
air.

3. A fine-machining method, comprising;

(A} 2 plasma discharée truing process comprising a
circular disk-like electrode (14} with an outer rim (l4a)
that can access a surface (12a) to be processed of a
conductive grindstone (12), and an electrode rotating

device {16) that drives and rotates the discharge electrode

around shaft center Z thereof, wherein while a pressurized

Ey

— e
—_———

A




13 (Process characteristics) To study process characteristics, the
above-nentioned truing systemwas installed on a vertical nmachining
center, and various tests were perforned. In the tests, a cast iron bond
.di anond grindstone #2000 of 1 mmin thickness and 150 mmin dianeter was
trued. During the tests, the grindstone was rotated at 200 rpm

r'eci procated in the Z dlrectlon at 100 mmi m n, and sinultaneously the
trU|ng el ectrode was rotated at 100 rpm (C}|tical gap for discharge)
[0 3 Shoueelt 1b&AIn@aRs {fe USChAY ges wbh: bAULochiBRS AL Oberating

nmedia, that' is, air, AFG M pressurize and conpressed air.

Qovi ously, céh&lﬁ‘@p@e g Eindd0ihe HRl L.HeO didc@irqal enektrolkpr theregferr] <
g[err] (Vol t age drop) Fig. 4 is a graph show ng worki ng voltages

with the thersopieditny bedieoarsksd tilke txdmmedondi tions. G eater voltage
drops are for truing using AFG M and pressurized mst. This mght be
because anot her & ecan islantchnitig dnaﬂSdngop*any55ypemnawsbn@ua at the
sanme tinme. (Truing efﬂmencﬁﬁ Fig. 5 illustrates the relationship
bet ween i nBGESSYBY t aERSTEORE t ngﬂ{ﬁﬁlﬁn%ﬂ¥H&§§ d@lﬁé PRECFSGE BBBrati ng

medi a under the sane conditions he bet we
surface to be nrocessedﬁ%y é%é)conaac 1ve g*lndstone {12)

with a spacing, wherein while supplying a conductive liquid
between the grindstone and the pressing electrode, a DC
voltage is applied between the conductive grindstone and
the dressing electrode, whereby the conductive grindstone
is dressed by electrolysis, and

{(C}) a grinding process to process the workpiece using

the conductive grindstone.

| N A



grlndstone and the el ectrode was set at a constant val ue of 30[err]m Test

results clearly show that wwth all four operating—nedia,_as the input
vol tage was increased, truing

efficiency also increased. In addition, truing effi
pressurized mst, conpressed air, and AFG M operatin
were large to small in that order, and all efficienc 1M I

than the efficiency when using air, ang this tendency was nore
significant as input voltage was |ncreased (Truing accuracy) Fi g.
6 shows. truing accuracies with the four operating nedia. The truing

accuracy Using pressuriiaea HrstuARGANTROERG! APEARERISUMANDS the hi ghest, and

the other .operating;RoyaCEATIRDWIONIODS AJsIRGACAECRBPARATUAr  accuraci es.
According to the present invention, it was confirmed that the nachining

accuracy required for ELID grinding coul d be assured by enploying plasna
di scharge truing as a neans of electric truing, and performng fine truing
of the ABSTRACT

A conductive grindstone 12, a circular disk-like
discharge electrode 14 with an ocuter rim l4a that can
access a machining surface 12a cof the grindstone, an
electrode rotating device 16, a position controlling device
18 that controls the relative pcsition between the outer
rim of the electrode and the grindstone, a voltage applying
device 20 for applying voltage pulses between the

grindstone and the electrode, and a mist-supplying device

W

2 that supplies pressurized conductive mist between the

b

grindstone and the electrode are provided. he pressurized
conductive mist is a mixture of a low-conductivity aqueous
solution and compressed zir. A plasma discharge is
generated between the grindstone and the electrode by means
of this pressurized conductive mist, and the grindstone is
subjected to truing. In this way, grindstone essentricity
and deflection can efficiently be removed, the gr;ndstone
does not deform, high-accuracy truing is achieved, the

power supply can be compact with a small power output, no

complicated control circuit or control device is needed,

ot

and consumable parts such as the electrode can easily be

manufactured and remachined.

THIS SHEST HAS BEEN
REPLACED




metal bond grindstone used in mcroscopic grinding work, in a precise way.
In addition, the foll ow ng advantages were also proved to be avail abl e by

appl yi ng the above-nentioned plasna discharge truing. 1. A
conductive bond grindstone such as a netal bond and resin-netal conposite
bond can. be trued. . 2. Because the electric truing nethod provides
non- contact machining, a grindstone with a small dianeter and thickness
can be trued precisely. 3. Usiln®@ an NC machine, a grindstone with a
conplicated surface shape can be trued.

15 4. Ellgct]ri c truing can renove deflection of a grindstone, as

wel | as make even super-abrasive grains to conme out of a bond portion.
Thus a conplicated surface shape can be ground precisely while maintaining
t he shape of the grindstone. 10 Hence, the plasma dpgicharge truing
apparatus according to thFSprese t invention and the netqods for fine

é_*/ 2.
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nachlnlng using the apparatus can efficiently renove essentricity and
deflection of an extrenely small, thin grindstone, so that the grindstone
ean be trued highly accurately Wi t hout deform ng the grindstone, using a
conpact, small-output power supply, w thout needing a conplicated control
circuit or device, and consumabl e parts such as an el ectrode can easily be
nmanuf actured or reprocessed, which are excellent practical advantages.

Al t hough the present invention has beenzexplained referring to several
preferred enbodi ments, it should be understood that the scope of rights
covered by the present invention should not be limted only to these
enbodi nents. Conversely, the scope of rights of the present invention

shoul d i nclude all nodifications, anen t%, and simlar matters included
in the scope of the attached clalns
16 WHAT IS CLATMED | S 1. A plasma discharge

trui ng appar at us conpr|5|ng a conductive grindstone (12) for processing

wor kpi ece (1), a 2 80
g 80 r
o _—
I
4% a0y —— air -
3 %, s —4#— Compressed air
2 ——af— Pressurized mist
0
56 BO 70 80 80 100 1o
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Input voltages vs. critical gaps for discharge

Fig. 4
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Nominal input voltage vs. actual voltages
(potential difference between electrodes)



circul ar "di'sk-1i ke di scharge el ectrode (14) with an outer rim(14a) that
can access a surface (12a) to be processed by the conductive grindstone,
an electrode rotating device (16) that drives and rotates the di scharged
el ectrode around shaft center Z thereof, a position controlling device
(18) for controlling the relative position between the outer rimof the

el ectrode and the grindstone, a volt%?e appl yi ng device (20) to apply
predet erm ned vol tage pul ses between He grindstone and the el ectrode, and
a, mst-supplying device (22) for supplying pressurized conductive m st
bet ween the grindstone and the el ectrqgde. 2. The plasma di scharge
truing apparatus specified in claim Jghhéiein the pressurized conductive
m st conprises a mxture of |ow conductivity aqueous |liquid and conpressed
air. 3. A:fine-machi ning nethod, conprising; (A) a plasm

di scharge truingSprocess conprising a circular disk-like electrode (14)
with an outer risn (14a) that can access a surface (12a).to be processed of
a conductive grgndstone (12), and an el ectrode rotating device (16) that

drives and rotatgs the di-ScH - around shaft center t her eof
wherein while a @ressurh;gd | GPtive mistf is supplied between fthe
ari ndstone and t®he . Br:essurized mis

o> 0.2 L Dair

N oo ECompressed air

v S 0.2

E LU g N

= A <

ddea 0.1

>0 £

0
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Input voltages vs. erosion efficiencies

Fig.6
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17 el ectrode, DC voltage pulses are applied between the conducti Ve sge

gri ndstone and the di scharge el ectrode, thereby the surface to be“processedg
i's trimed, (B) an electrolytic dressing process conprising a

dressing electrode (18) with a surface (28a) opposite the surface to be
processed by the conductive grindstone (12) with a spacing, wherein while
supplying a conductive |liquid between the grindstone and the pressing

el ectrode, a DC voltage is applied bet$een the conductive grindstone and

the dressing el ectrode, whereby the conductive grindstone is dressed by:

el ectrolysis, and (C a grinding process to grocess t he wor kpi ece
usi ng the conduct i vePIASMAISRLHEHARGE TRUING APPARATUS AND |

1111111 1 11 11FINE-MACHINING]IMETHODS USING THE APPARATUL -

RST T

A conductive grindstone 12, a circular disk-like
discharge electrode 14 with an outer rim l4a that can
access a machining surface 12a of the grindstone, an

“/  electrode rotating device 16, a position controlling device

[

8 that ceontrols the relative pcsition between the cuter
rim of the slectrode and the ¢grindstone, a voltage apolying
device 20 for applying voltége pulses between the
grindstone and the electrode, and a mist-supplying device
22 that supplies pressurized conductive mist between the
grindstone and the electrode are provided. The pressurized
conductive mist is a mixture of a low-conductivity aquecus

solution and compressed a2ir. A plasma discharge is

subjectsd to truing. In this way, grindstone essentricity
and deflection can efficiently be removed, the grindstone
does not deform, high-accuracy truing‘is achieved, the

power supply c¢an be compact with a small power output, no

complicated control circuit or control device is needed,

and consumable parts such as the electrcde can easily be

., REPLACEMENT SHEEY
Figure 1. :




