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1 ELECTRODELESS ELECTROLYTI C DRESSI NG GRI NDI NG METHOD AND APPARgngsgg 533?1
BACKGROUND OF THE | NVENTI ON Technical field of the Invention The @L
- present invention relates to an el ectrodel ess electrolytic dressing
grindi ng net hod and apparatus capable of grinding of a workpi ece and
dressing the working surface of a grindstone sinmultaneously.
Description of the related art For exanple, there are follow ng
problens in finishing process of a nold having a free form surface: |ow
degree of freedons of shape in copy grocess with a grindstone, necessary
correction of the grindstone. Besides, profile process with a straight

grindsto | t A é?ﬁ] of Pﬂha eedom
of the dlﬁgﬁgﬁgébgﬁg%h%%ﬂa;lggil{g%)%#l e‘ggrﬁlﬂﬁl g@%ﬁaeé'g-%’]é Séj{f)f)}%oceséIIUI’r%aChi ne
itself. Further, the problens of a blade-like (thin blade) grindstone are

that a working surface |ike a point causes a rough finished surface, and

process preciseness is | ovERGKEROUNDIESH aHE gQNVENTIOR grindstone. Therefore,
it is nost suitable for finishing process of the nold by using a so-called
bal | - nos&echnindit dheldf ofihthéd Inpemntsiomund. However, finishing
process of a free surface using the ball-nose grindstone causes |owering
of grinding effidtencpresest anvadtioni mekakes edgi rad febeneredefessi ng
of the grindstone in offline. It is because that in-process dressing of
the grind@deshgolytic dressing grinding method and apparatus capable of
grinding of a workpiece and dressing the working surface of a

grindstone simultaneously.

Description'of the related art

For example, there are following problems in finishing
process of a mold having a free form surface: low degree of freedoms
of shape in copy process with a grindstone, necessary correction
of the grindstone. Besides, profile process with a straight
grindstone restricts the profiling shape due to the low degree of
freedom of the diameter and the tip radius of the grindstone and
a process machine itself. Further, the problems of a blade-like
{(thin blade) grindstone are that a working surface like a point
causes a rough finished surface, and process preciseness is lcwered
by deflection of the grindstone. Therefore, it is most suitable
for finishing process of the mold by using a so-called ball-nose
grindstone of which tip is round.

However, finishing process of a free surface using the
ball-nose grindstone causes lowering of grinding efficiency after
a short time and requires frequent dressing of the grindstone in
offline. It is because that in-process dressing of the grindstone

is impossible. This causes problems that are time consuming and



is inpossible. This causes problens that are tinme consuning and

2 difficult to reset the position of the grindstone resulting in | ow

- preci seness produced. On the other hand, electrolytic in-process
dressing grinding (hereafter, ELID grinding) was devel oped and publi shed
by the present applicants as a grinding neans to achieve high efficient
and ultra-precise mrror surface grinding that has been considered as

i mpossi bl e by conventional grinding art. In the ELID grinding, conductive
bondi ng part of a netal bond grindstong is dissolved by electrolytic
dressing, therefore dressing and grinding are done sinmultaneously. The
present grinding nethod allows efficient mrror finish for an ultra-hard

terial b ' t al d i.ndst havi, ' ins, and .
Char act et oS, bAHE St CRB HOhP oIS BT ORET a4 B Sbness.
However, Jé& skl grhgghng requires I n-process electrolytic step
for the grindstons ahd Fherefore, a space for installation of electrodes

ot her than a wor kisng rtad S I als, C | gisdane _
bal | - nose grinds?%ﬂetﬁgvﬁﬁgﬁgﬁsﬁgﬁ?' ﬁ%ﬁf?%gigﬁé a?ggg% théﬁgrsﬁgg%gﬁ% and

a pecul i afrishakRRy Nderaaftek| eALIDOgPENEidd) Gidd defvellbpled hhAgpebECiKades
near the working surface of the grindstone. In order to solve

t hese prdb) etite prleseanplapshicantfs tdre a pyeeding mesns oo paeviews| yigheat ed

"an electrolytic interval dressing grinding nethod" and submtted an

appl i cat i@ff{cispdnesd uFatamredscenicrorNirfaceogzindssghat has bedn s

et hod, cc?nssidered as impossible by conventional grinding art. In the ELID
grinding, conductive bonding part of a metal bond grindstone is
dissolved by electrolytic dressing, therefore dressing and
grinding are done simultaneously. The present grinding method
allows efficient mirror finish for an ultra-hard material by using
a metal bond grindstone having fine grains and has a characteristic
capable of achieving high efficiency and ultra-preciseness.

However, the ELID grinding requires in-process
electrolytic step for the grindstone and therefore, a space for
installation of electrodes other than a working part is essential.
Thus, such grindstone as the ball-nose grindstone having a small
working surface of the grindstone and a peculiar shape has a problem
to be difficult of installing electrodes near the working surface
of the grindstone.

In order to solve these problems, the applicants of the
present invention previously created "an electrolytic interval
dressing grinding method" and submitted an application (Japanese
Patent Gazette No. 1992-115867) . In this method, as

diagrammatically shown in Fig. 1, an electrode 3 is installed with

a gap from the objective grinding material 1 (workpiece), an



di agrammatically showmn in Fig. 1, an electrode 3 is installed wwth a gap
fromthe objective grinding material | (workpiece), an

-3, conductive grindstone 2, to which a voltage has been applied, is
repeatedly noved between the workpiece 1 and the electrode 3, and a
conductive grinding fluid is supplied between the conductive grindstone 2
and the workpiece 1 to carry out alternately electrolytic dressing and
grindi ng process. However, it .is a problemthat grinding by this
method is inefficient and application™to a peculiar grindstone such as the
ball -nose grindstone is difficult, because of requiring alternation
of electrolytic'dressina and grindi ng process, Further, the

appl i canteensuGHFepSEIBRELPAR At i Bh Bkt advoibage has Rasn @Prdiessi iy

met hod and appar gt us usi an el ectrode contacting to sem conductor” and
Subi 1 t o SRR, BOVEH BeHesinddie BRrkRLSee dorra RES SYSaoorsy 97)amd
this neans,_as i.agr ammatj.cal Iy shown in Fig. .2 n n ti rpnding
T RO B e e el e BeRaders etleERastEns 8ot vy s
contact syrfaes & the woy kEhSC%Jrlgﬂ%éé‘ele't%Pt [:99'%53 JBe Qtenately
sem conduttor material and contacted to the working Surface, a voltage is

appl i ed hetaman e Jd:Rdstege sAaaadihheng! gebcade. 3, and the grindstone 2
re or

is subjected to ssing by électraolysis. reference, 4, 5, and 6
represent abrushHowseéectit G spawprsblen eshataraiadiaagzbe. this methedlhe

el ectrode 3 consisting of a sem conductor material allows electrolytic

dr essi ng wieffiecigntndsdoappbjcdtienttempaculiar grindstone such as the
ball-nose grindstone 1is difficult, because of requiring'
alternation of electrolytic dressing and grinding process.

Further, the applicants of the present invention created
"an electrolytic dressing method and apparatus using an electrode
contacting to a semiconductor” and submitted an application
(Japanese Patent Gazette No. 1994-170732). In this means, as
diagrammatically shown in Fig. 2, an conductive grinding fluid is
supplied to a gap between the conductive grindstone 2 having a
contact surface to the workpiece 1 and the electrode 3 made of a
semiconductor material and contacted to the working surface, a
voltage is applied between the grindstone 2 and the electrode 3,
and the grindstone 2 is subjected to dressing by electrolysis. For
reference, 4, 5, and 6 represent abrush, anelectric power source,
and a nozzle.
The electrode 3 consisting of a semiconductor material

allows electrolytic dressing of the grindstone by direct contact
to the contacting surface (working surface) of the grindstone 2.
This means also has a problem that application to a peculiar

grindstone such as the ball-nose grindstone is difficult.



fo the contacting surface (working surface) of the grindstone 2. This
means al so has a problemthat application to a peculiar grindstone such as
- the ball-nose grindstone is difficult.

4 SUWVMARY OF THE | NVENTI ON The present

I nvention has been created to solve said various problens. The purpose of
the present invention is to provide grinding nethod and apparatus to all ow
applying to a peculiar grindstone such as the ball-nose grindstone,
grinding process sinultaneously dressing the working surface of the
grindstone by electrolytic dressing, 3nd thus, long tine grinding

mai ntai ning high efficiency and hi gh preci seness. The present

invention provides an el egivivage @3S Tael exVERbYbNC dressing grinding
met hod characterized by; (A) preparing a sem -conductive grindstone (10)

conpri sing grai nsTlendoreseht condentive hasdibegnpardedted ito thieles asasd (B)
applying a voltage between the grindstone and the conductive workpi ece
(1), supginjiong povllens vEhgrpunhose 6f dhe et sersninventicoasdct pngvide
grindstone to the workpiece, dressing the bonding part of the grindstone
of the cEmiagingoimethod andtarpansdressahliovw 2RPYY)NT stond t BREBLERY

grinding the workpiece by the grjndstone. ) The present invention
provi des %ﬁ%QQ§§9PFOd%¥%%saSe?%%tPB@}TPES%rE§§Pﬂ§tﬁ??nd9£bn pper BEgsess

COmPr <! i3S ALERA NS B0k G LSk mRRE SO Ganen 2,
for applyidd 3142 Lade L WEeN ahBec BhL NABL A& A NG ARING LAY ining
high efficiency and high preciseness. .

The present invention provides an electrodeless
electrolytic dressing' grinding method characterized by; (&)
preparing a semi-~conductive grindstone (10) comprising grains and
semi-conductive bonding part to fix the grains, (B) applying a
voltage between the grindstone and the conductive workpiece (1),
supplying conductive grinding fluid between them, contacting the
grindstone to the workpiece, dressing the bonding part of the
grindstone of the contact point by electrolytic dressing, and (C)
simultaneously grinding the workpiece by the grindstone.

The present invention provides an electrodeless
electrolytic dressing grinding apparatus comprising; a semi-
conductive grindstone (10) comprising grains and a semi-conductive
bonding part to fix grains, a voltage applying means (12) for
applying a voltage between the grindstone and the conductive
workpiece (1), and a supplying means (14) of grinding fluid for
supplying conductive grinding fluid between the grindstone and the
workpiece, whereby contacting the grindstone to the workpiece,

dressing the bonding part of the grindstone of the contact point



wor kpi ece (1), and a supplying neans (14) of grinding fluid for supplying
conductive grinding fluid between the grindstone and the workpiece, .
- whereby contacting the grindstone to the workpiece, dressing the bonding -
part of the grindstone of the contact point
5 by electrolytic dressing, and sinultaneously grinding the workpiece by
t he grindstone. According to the nethod and apparatus of present
i nvention, sparks generated between the sem -conductive bonding part and
the workpiece can be prevented, the bonding part of the grindstone is
subjected to electrolytic dressing in the contact point to dress the
grindstone by contacting directly the sem -conductive grindstone (10),
that is conposed of grains and the sem -conductive bonding part to fix
grains, to the workpi ece having electrical L conductivity, applying a
vol t age wméﬁCFﬁ@%byCa I6es R apAnd nimvdsaseres)y” ThErREbRG, the
wor kpi ece c%%,be s'nul%aneouslﬁ ground for process in the condition of
cont act i HGTHREEGRI RYsFBReIFOPEREC Ror kpi ece as it is. According to

the prefer red empdiIEat Lo WIS LERETLalBReILLA0  feo 2501 1 60UUGL) Ve

bondi ng part is coﬁ%ose m Xt ur e as “copper pbwder

and an | %%u‘é'x@ctsi §ené£st 8y %&%%ﬁe% +RBENGh; & et 1he ﬁ&%;rfgmrifsﬂkgtt L¥g fpndi ng

part can e set"to _ ave an e_ ectr! C resistance, _ that a noot h _
el ectr ol Ydr&kpi@easehAh® R d)M the WorBhRy phir8los kMK griBYs€BA8GI 19

mEne subjected to electrolytic dressing in the contact point to dress
the grindstone by contacting directly the semi-conductive
grind-stone (10), that is composed of grains and the semi-conductive
bonding part to fix grains, to the workpiece having electrical
cohductivity, applying a voltage between them by a voltage applying
means (12). Therefore, the workpiece can be simultaneously ground
for process in the condition of contacting the grindstone to the
workpiece as it is.

According to the preferred embodiment of the present
invention, the semi-conductive bonding part is composed of mixture
of metal powder such as copper powder and an insulating resin such
as phenol resin. The semi-conductive bonding part can be set to
have an electric resistance, that allows smooth electrolytic
dressing operation without generating sparks, by changing mixing
proportion (for example, 7:3) of metal powder and the insulating
resin based on the component.

It is preferable that the semi-~conductive grindstone (10)
is a ball-nose grindstone. Applying the method and apparatus of
present invention by using the ball-nose grindstone allows
finishing process of a mold, etc. having a free surface by grinding

continuously maintaining high efficiency and high preciseness for



proportion (for exanmple, 7:3) of nmetal powder and the insulating resin
based on the conponent. It is preferable that the sem -conductive
-grindstone (10) is a ball-nose grindstone. Applying the nethod and
apparatus of present invention by using the ball-nose grindstone allows
finishing process of a nold, etc. having a free surface by grinding

conti nuously mai ntaining high efficieng and high preciseness for

6 a long tine. Q her purposes and benefit characteristics of
present invention are known fromthe follow ng description with reference
to the draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a diagranmatic view of a prior art by the applicants of the
present iRVeRhEORime. Fig. 2 is another diagrammatic view of a prior
art by the applicants of the present invention. Fig. 3is a
structural di agr amtiiert pirpwsefs ahd dbead findettess edeadistdlogt iaf dpessdntg
grindi ng apparatus of the present invention. Fig. 4is a

di agr ammatinwentéoncdre keenin- foouudie folbowihggleseription with referergda s a
structural diagrammatic view of another electrodeless electrolytic
dressi ng do tengrappagatus of the present invention

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic view of a prior art by the
applicants of the present invention.

Fig. 2 is another diagrammatic view of a prior art by the
applicants of the present invention.

Fig. 3 1is a structural diagrammatic view of an
electrodeless electrolytic dressing grinding apparatus of the
present invention.

Fig. 4 is a diagrammatic view of a semi-conductive bonding

_ part.
Fig. 5 is a structural diagrammatic view of another

electrodeless electrolytic dressing grinding apparatus of the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Herewith, the preferred embodiment of the present
invention will be described with reference to the drawings. The
same symbol is given to a common part in respective figures to omit:
a duplicate description.
Fig. 3 1s a structural diagrammatic view of an

electrodeless electrolytic dressing grinding apparatus of the



DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT Herewi th, the
preferred enbodi nent of the present invention will be described with
reference to the drawings. The sane synbol is given to a common part in
respective figures to omit a duplicate description. Fig. 3is a
structural diagrammatic view of an electrodeless electrolytic dressing
grindi ng apparatus of the 7
present invention. In this figure, the electrodeless electrolytic dressing
grindi ng apparatus of the present invention has the sem -conductive
grindstone (10), a voltage applying neans (12), and a supplying neans (14)
of grinding fluid. . In, the_pode for carryin ut the claiped,

"nvent | orPTR AL SBYERESRBLCHT FBLG: f T om EPETDNST S QIR 9% PLAGLEOLVF Hast one
and compglses. the shank 10 grkndsto of A 1ih hi gh
electric %)%ﬁhﬂqv?fV&%HH}t%ES%Eégg%hgtig%ﬁrﬁiiggﬁie%ﬁ§§d§}é¥ #%ét&ﬁﬁed I n
the tip (Lhe fyd B shlogeRl. [0y 0L vd RhAo1 ViR Gkahlie (17

gri ndstonée&?ls‘b(gsrrlid\;HeEPl:qiVnet %ftglh spe% ttgy Zl'dri‘\rlérng %a é?%uﬁ%at he(ce%lfer of

core of thedshaskppBAthC Htlanel |@d)i BfZqgehi h@shyomu{dop and bottom
directions) according to nuneric control. The grindstone part 10b

of the sem -conduthi vke gnodelFomnearkying catpoise dcd inggdi irsrestdiongs tiieanond

or CBN and the sem - conductive bonding part to fix the grains. In

addi ti on, séeme-cammcttiorsd grinds tioaedi(3§) pastthe ali-xtese grdastbneoaddct i ve

metal powder and the insulating resin, and for exanple, formed by m xing
comprises the shank 10a of the grindstone made of a metal with a
high electric conductivity and the hemispheric grindstone part 10b
installed in the tip (the bottom of the figure) thereof. The shank
10a of the grindstone is driven in high speed by a driving means
around the center of core of the shank, and controlled in Z direction
(top and bottom directions) according to numeric control.

The grindstone part 10b of the semi~conductive grindstone

10 is composed of grains such as diamond or CBN and the semi-
conductive bonding part to fix the grains. In addition, the
semi-conductive bonding part is a mixture made of conductive metal
powder and the insulating resin, and for example, formed by mixing
and melting metal powder and the insulating resin. Copper powder
is, for example, preferable for metal powder and other metal powder
is also usable. A phenolic resin is, for example, preferable for
the insulating resin and other insulating resins are also usable.
The proportion of metal powder and the insulating resin is
determined to obtain an appropriate electric resistance, prevent
sparking phenomenon positioning of the resin between the workpiece,

and operate an appropriate electrolytic dressing. The proportion

of copper powder and the phenoclic resin in combination of them is



and nelting netal powder and the insulating resin. Copper powder s, for
exanpl e, preferable for nmetal powder and other netal powder is also
“usable. A phenolic resinis, for exanple, preferable for the insulating
resin and other insulating resins are also usable. The proportion of netal
powder and the insulating resin is determned to obtain an appropriate

el ectric resistance, prevent sparking_phenonenon positioning of the resin
bet ween t he workpi ece, and operate anaappropriate el ectrol ytic dressing.
The proportion of copper powder and the phenolic resin in conbination of
themis ‘8 preferably around 7:3.
The volt féﬁg NG RARS 714 conprises an electric power source 12a, a
brush 12b, and an-electric line 12c connecting a workpiece 1, the shank

10a of the grindstpasyoBithd ngﬁgeﬁgr:ﬁéarp@\m@rcow% aANEl &pPH €Poder
vol tage between the grindstone 10 and the workpiece 1. The electric power

source 12sowscPprar adlyridd D Imwaind sirgeleaafriecoishantl2euebankeceangbbe of
suppl ying pul sed direct current voltage. The brush 12b, in this
. enbodi mrerworihiesd Ly theoahankd Osoof lideogt Emdstarfepcanad fthiehel attanke powenf t he
grindstone and applies a plus voltage to the grindstone 10 and m nus
vol tage SRy \iKkpiRRddes aTNelhegrpbetweenthe rptigidstepnen 12 wndabhe 17
t hat sandwi ch the insulatQr 16, and controlled in hori%zgo%%l directions

FAS Y.

accor di ngVPOFRffES ilc THMELGCETLC POWEE SPHECS 15l 47 RG© 4E6ED §PMREI ng
(1919, b P2 b L45ec L OB chAUeLOchie 000! 3choBgtfoob L Igarstatone
supply  cyrrent voltage. The brush 12b, in this embodiment, directly
contacts to the outer surface of the shank 10a of the grindstone
and applies a plus voltage to the grindstone 10 and minus voltage
to the workpiece 1. The workpiece 1 is installed in X-Y table 17
that sandwich the insulator 16, and controlled in horizontal
directions according to numeric control.

The suppl;/ing means 14 of grinding fluid has a nozzie l4a
aligned toward the contact part of the grindstone unit 10 with the
workpiece 1 and a grinding fluid supplying line 14b to supply
conductive grinding fluid to the nozzle 1l4a, and supplies
conductive grinding fluid to the contact part of the grindstone
10 (specifically, the grindstone unit 10b) with the workpiece 1.

According to the method for electrodeless electrolytic
dressing grinding of the present invention using the electrodeless
electrolytic dressing grinding apparatus, a voltage is applied
between the semi-conductive grindstone 10 and the workpiece 1, and
the conductive grinding fluid is supplied between the grindstone

and the workpiece, the grindstone 10 (the grindstone unit 10b) with

the workpiece 1 for grinding process the workpiece 1 by the



conductive grinding fluid to the.nozzle 14a, and supplies conductive
grinding fluid to the contact part of the grindstone 10 (specifically, the
grindstone unit 10b) with the workpiece 1. According to the nethod
for electrodel ess electrolytic dressing grinding of the present invention
using the electrodeless electrolytic dressing grinding apparatus, a
voltage is applied between the seni-cogductive grindstone 10 and the

wor kpi ece 1, and the conductive grinding fluid is supplied between the
grindstone and the workpiece, the grindstone 10 (the grindstone unit 10b)

o r | S 1 ARRTGIRG £ 56t SR SHRRLY AR q%%%mz the
€ e bond i . t t
bond ng pH | ST ROt SO0 PR aEE Fhe PRt o ) T < 2B€ g
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grindsto 10 I's conposed grains and the“sem -conducti ve bondi ng part
to fix grgd nélecimeifépé edrieReiner kit e€Re C2RnRAcHr Pihd OtoPIdeassS tRet he
condition of contacting the grindstone 10 to the workpiece 1, as it is,

si mul t anegtinidstwirid) Beesasethe semi-confugtide igyiadditageabfdls compesedf a
sem -conductive bonding part. As shown in this figure, the sem -conductive
bondi ng paf tgraionprasd nghe heesenconduchivd vieongingisparte 10 f8x gsadsseri bed
before, a m xture made of conductive netal powder (shown with [err]) and

t he i nsul BReTREQ%S| Bhe WP ifiaencan begroung foxpiRcess dpnee CRpditPhg and

nmelting nmetal powder and the jnsulating resin. Therefore,_ sparking,
phenonendﬁ%i%o FAeE S ?ﬁ%ﬁé&ﬁﬁp?ﬁfbkﬁp the workpiece 1, as it’is,

simultaneously with dressing.

Fig. 4 is a diagrammatic view of a semi-conductive bonding
part. As shown in this figure, the semi-conductive bonding part
comprising the semi-conductive grindstone 10 is, as described
before, a mixture made of conductive metal powder (shown with @)
and the insulating resin (shown with ), and for example, formed
by mixing and melting metal powder and the insulating resin.
Therefore, sparking phenomenon is prevented by presence of the
resin between metal powder and the workpiece on the basis of that
the semi-conductive bonding part is located between the workpiece
1 and an conductive member such as the shank 10a of the grindstone
and the semi~conductive bonding part has an appropriate electric
resistance, and appropriate electrolytic dressing occurs under the
presence of the conductive grinding fluid keeping direct contact
of the grindstone 10b with the workpiece 1.

Therefore, for example, applying the method and apparatus
of the present invention by using the ball-nose grindstone allows

finishing process of a mold, etc. having a free form surface by



resin between netal powder and the workpi ece on the basis of that the
sem -conductive bonding part is |ocated between the workpiece 1 and an

" conductive nmenber such as the shank 10a of the grindstone and the

sem - conducti ve bondi ng part has an appropriate electric resistance, and
appropriate electrolytic dressing occur®s under the presence of the
conductive grinding fluid keeping direct contact of the grindstone 10b
wi th the workpiece 1. Therefore, for exanple, applying the nethod
and apparatus of the present invention by using the ball-nose grindstone
allows finishing process of a nold, etc, having a free formsurface by
10 gr BRENAHNE o AANISWOMF Lvaj BRANRARRLNG JH-9hef EELEABRCYarRPd hibgigh
preci seness for a lon Fig. 5is a structural diagrammtic

ti .
vi ew of aﬁﬁ?ﬁé?en%?%c€95d%?¥%ﬂgeﬁ%ﬂﬁTolytic dressing grindi ng apparatus of
the present invenkion.c Ip_this_fli t he. el ectr e | et r i
dressing grindi ng%gﬁarsatgss (I%f ?é}ié“g%g"grsaelnt&l%ren. a%%%f]agf?ﬁe%% aql&{:the‘i
sem - Cf’“ds%b’éfo&élé'€§t Qi@cﬂpol%f'fcVSkéégfn@pBEYh&Qngeﬁﬁﬁaal%tuén@f i
suppl ying neans 14 of grinding tluld. I'n thée node for carrying out
the cl ai mpdebaMeMivhtiidie I66fhi€ FIguetl vehgelvdstreaelégsislddierdrjitidst one
wth a very small dianmeter and conposed of the shank 10a of the grindstone
made of dreesahgwgtrindihgglapglaeetiusc abnduet presgnandnivbetdphi hdsi adle
grindstone unit 10b installed in the tip (the left-hand of the figure)
t her eof . Fhmishandudbivefgnimsisjraneddfenthe yoldbageezppkying megnssp2edndy a

driving neans, not shown in a figure, around the
the supplying means 14 Jof grinding fluid.

In the mode for carrying out the claimed invention, the
semi-conductive grindstone 10 is the grindstone with a very small
diameter and composed of the shank 10a of the grindstone made of
a metal with a high electric conductivity and the cylindrical
grindstone unit 10b installed in the tip (the left-hand of the
figure) thereof. The shank 10a of the grindstone is rotated in a
high speed by a driving means, not shown in a figure, around the
center of core of the shank, and controlled in X direction (left
and right directions) and Z direction (top and bottom directions)
according to numeric control. |

The conductive workpiece 1 has a cylinder having an
innernal diameter somewhat larger than that of the cylindrical
grindstone unit 10b and installed in a rotating table 17 over the
electric supplying body 18 and insulation 16.

The voltage applying means 12 apply a voltage between an
electric power source 12a, a brush 12b, electric supplying body
18, and an electric line 12c connecting electrically the shank 10a

to the electric power source, and applied a voltage between the



center of core of the shank, and .controlled in X direction (left and right
directions) and Z direction (top and bottomdirections) according to
nuneric control. The conductive workpiece 1 has a cylinder having
an innernal dianmeter sonmewhat |arger than that of the cylindrical
grindstone unit 10b and installed in a rotating table 17 over the electric
suppl yi ng body 18 and insul ati on 16. The vol tage appl yi ng neans 12
apply a voltage between an electric pomeﬁlsource 12a, a brush 12b,

el ectric supplying body 18, and an electric line 12c connecting
electrically the shank 10a to the electric power source, and applied a

vol tage ReLWERRohBE10 and the workﬁié&@sipne 10 and the workpi ece 1.
Q her corfponents are sane as those of the node for carrying out the

clai med inventi orptkaWaoipohefits 2 refsams Agthdse bifethy ﬁ&détfoﬁ@ﬂﬁi#ir&ﬁi on,
the present invention can be applied even when there is no space Tor

i nst al | atoutinthé Aladmiedoilsseheion Shoeh ah Mist. Bo Achdridéngnice thet peeserithe

i nnernal dianmeter of the workpiece 1 and the external dianeter of the

gri ndst osensgitutignpotienpresent inventigre caonde AR 1ed even shehathers a
grindstone and working surface was observed and neasured after surface
process &f Bosgpare pPEcENgrbiatieRoh sApctundaskinegase efcdimegelnas

oL MresdneE a8 S R, SRR U3 L TE SR et ol ™o ©

the external diameter of the grindstone 10.

Embodiments

The condition of the surface of a grindstone and working
surface was observed and measured after surface process of a steel
piece (SKD1ll) for a mold by using the electrodeless electrolytic
dressing grinding apparatus aforementioned. Table 1 and Table 2
shows the outline of the specification of apparatus used and the

condition of the process carried out, respectively.

Table 1.
Grinding . A .
machine NC vertical milling machine
. ' Metal-resin~bond
Grinding Mounted grindstone
grindstone Size D20-R10
metal: resin= 7:3
ELID ELID power source
power source | of constant current
AFG-M
Grinding fluid Diluted with tap water
in 50 times




condition of the process carried out, respectively. Table 1.

G inding NC vertical mlling machl ne machi ne

" Metal -resin-bond Gi ndi ng Mount ed gri ndstone
gri ndstone Si ze D20-R10 metal: resin= 7:3 _
ELI D , ELI D power source power source of constant current
AFG M Ginding fluid Diluted wwth tap water
in 50 times 12 12 Tabl e 2.
Mesh size #80 #200 _ of grindstone
Rot ati on speed _of 1000 1000 - gri ndstone (rpn)
Feed Speé‘é éﬁ 2. X axi-s { e M aal n) 200-400
Y axis depth of cut [[er™egh sizpo- 20 5-15 80 # Opent CI rcuit
vol tage (V) 20- 60 2f grindstone Peak currgnt ?Q)O 5-10
5 On{ ORbtkitien( EpE&d SEE) 2 2
Initially, electrode eg&igagq;_bthyhgﬁ) prot‘esgm cdrril@0out{ by using a

#80 grindstone. Sone 5p%%§%la%%e ENeT at ed{betweenm —tihe—grimdstpne and t he
wor kpi ece under the gele 98nd tiohs 200-80Y |- 1@80 Spaf ks occurred
causes a damage on t -hdst-one—ard—t-he—surfnce of the

wor kpi ece and t heref oryeagls ] ¥erkefmsul f 2¢@-p@s rot gpjeducef. A film
thC—G

particular in the EL}BD—gri-nding—undertheé-electrolyit] ondit4 on of 20V -
6A was forned Open~circuit voltage (V) 20-60 20

Peak current (A) 5-10

On/Off time (psec) 2 2

Initially, electrodeless electrolytic process was carried
out by using a #80 grindstone. Some sparks are generated between
the grindstone and the workpiece under the electrolytic conditions
of 60V - 10A. Sparké occurred causes a damage on the surface of
the grindstone and the surface of the workpiece and therefore a
good worked surface was not produced. A £film particular in the ELID
grinding under the electrolytic condition of 20V - 6A was formed
on the surface of ﬁhe grindstone to allow good grinding surface
like a mirror surface.

Subsequently, a feeding speed and a depth of cut were
adjusted to increase process efficiency. An excessive feeding speed
cause chattering and therefore about 200 mm/min produced a good
worked surface. On the other hand, the depth of cut of 20 um caused
wear-down of the dressed surface, insufficient dressing by
electrolytic dressing, and finally a result of loading. By the depth
of cut of 16 um or under, grinding surface having like a mirror

surface is obtained to allow good processing.



‘on the surface of the grindstone to allow good grinding surface |like a
mrror surface. Subsequently,- a feeding speed and a depth of cut
were adjusted to increase process efficiency. An excessive feeding speed
cause chattering and therefore about 200 m m n produced a good worked
surface. On the other hand, the depth of cut of 20 [err]m caused wear-down
of the dressed surface, insufficient dressing by electrolytic dressing,
and finally a result of loading. By the depth of cut of 16 [err]mor
under, grinding surface having |like a pgrror surface is obtained to allow
good processi ng. 13 In
process using a #200 grindstone, a conparative test was conducted in
absence and preseHtProfeepatinig ptRQbaringstenecer FPMRAr P bR F& st was
present invention),  the depth of cut of 10 [err]n1&gused alittle wear of

t he dresé%%?%ﬁﬁtﬁgce%nhoﬁg§ PCS ardithd P IRGT nPil 16 Ht§%§bF€tﬁ??rorIWi ni sh
hoe. ot ar (heqF EABEIRESEEEn i RESHFRE SaRtartieiar LEF asidh ot el B °0°°°
| oadi f .t t '

From af oriS SR R & 1vyTR A0 | 1 GhEDANANG YOPIOE D HRIRER 04 iha

el ectrode] ggs aqll%%aogzébﬁedﬁlf§§éﬁgfﬂ{iimi;m;cr&tsfmq.alzel tBBpapabHse Ofs t he

present inventioh provide a good worked surface to6 acconplish stable

process hyslradtiicagiopt {ddhveleiddal ¥tt L, prordiskiwvs saadtptdaedsessed
conditions according to the size of grains. As stated before, the
el ect r odetcesH tdlomct Thé ydemtidioEssung ofyiSi wmligepsest hoddand apfaemtaushoft t he
present invention have the

time and the grindstone was worn and deformed.

) From aforementioned embodiment, it has been confirmed that
the electrodeless electrolytic dressing grinding method and
apparatﬁs of the present invention provide a good worked surface
to accomplish stable process by selecting optimal electrolytic
conditions and process conditions according to the size of grains.

As stated before, the electrodeless electrolytic dressing
grinding method and apparatus of the present invention have the
following excellent effects: applicability to a peculiar
grindstone such as ball-nose grindstone, possible grinding process
of the workpiece simultaneously with dressing of the working
surface of the grindstone by electrolytic dressing, and‘ﬁhus, long
time grinding maintaining high efficiency and high preciseness.

The present invention has been described in conjunction
with the preferred embodiment. The embodiment described herewith
is to be considered in all respects as illustrative and not
restrictive. In other words, the extent of the present invention
includes all improvement, amendment, and equal things included in

the range of the claims attached herewith.



¥Tollow ng excellent effects: applicability to a peculiar grindstone such
as ball-nose grindstone, possible grinding process of the workpiece
simul taneously with dressing of the working surface of the grindstone by
electrolytic dressing, and thus, long tine grinding maintaining high

efficiency and high preciseness. The present invention has been
described in conjunction wth the preferred enbodi nent. The enbodi nent
described herewith is to be considereg in all respects as illustrative and
not restrictive. In other words, the éxtent of the present invention

i ncludes all inprovenent, anendnent, and equal things included in the
range of the clains attached herew th.

14 VHAVHATS 16L ALNEMEDSTIS : 1. An electrodel ess electrolytic

dressing grinding nethod characterized by; (A) preparing a sem -conductive
grindstone (10) conprising grains and sem -conductive bonding part to fix
the grains, (B) applying a voltage between the grindstone and the

conduct i ve wor kpi bcdn(alectrenslesietentinel vvic gressing Jrindingpuetbed
them contacting the grindstone to the workpiece, dressin t he bondj ng

part of tHBRGLFISLERLB! VﬁePESHPE&PQﬁbFﬁPQ5§ODQFﬁEfV%I ndshoRssiHYy, - and
A el et 1GRBTOR0 T BTN A GPRLRT TG4 il G mLITSh DHRecr e B BP8! ai m
1, char acézea[iir?se,d (tﬁl) S@ﬂﬁfﬁ{a '&%@ééé/ebgﬂdnéiérpgthe grindstone and the
conductive workpiece (1), supplying conductive grinding fluid
between them, contacting the grindstone to the workpiece, dressing
the i)onding part of the grindstone of the contact point by
electrolytic dressing, and (C) simultaneously grinding the

workpiece by the grindstone.

2. An electrodeless electrolytic dressing grinding method
according to claiml, characterized by said semi-conductive bonding
part is composed of a mixture of metal powder and an insulating

resin.

3. An electrodeless electrolytic dressing grinding
apparatus comprising; a semi-conductive grindstone (10)
comprising grains and a semi-conductive bonding part to fix grains,
a voltage applying means (12) for applying a voltage between the
grindstone and the conductive workpiece (1), and a supplying means
(14) of grinding fluid for supplying conductive grinding fluid
between the grindstone and the workpiece, whereby contacting the
grindstone to the workpiece, dressing the bonding part of the

grindstone of the contact point by electrolytic dressing, and

e



part is conposed of a mixture of netal powder and an insulating resin.

3. An electrodeless electrolytic dressing grinding apparatus conprising;
a sem -conductive gri ndstone (10) conprising grains and a

sem -conductive bonding part to fix grains, a voltage applying neans (12)
for applying a voltage between the grindstone and the conductive workpi ece
(1), and a supplying neans (14) of grinding fluid for supplying conductive
grinding fluid between the grindstopg and the workpiece, whereby
contacting the grindstone to the workpiece, dressing the bonding part of
the grindstone of the contact point by electrolytic dressing, and

15 si nusimneoidoaan rqillmﬁntng;etmr kBrRpeeby bierid i ftsiditne. 4.
An el ectrodel ess el ectrol ytic dressing grinding apparatus accordlng to
claim 3 characterized by said sem - conductive binding part consisting of
metal powder and an insulating resin. 5. An el ectrodel ess '
el ectrol ytic dressingiryrieigiquyodeipasat eteatrol yiig tdrewsingnegofindiagm 3
or 4, characterized by said sem -conductive grindstone (10) is a ball-nose
gr|ndston@pparatus according to claim 3 characterized by said semi-

conductive binding part consisting of metal powder and an

insulating resin.
5. An electrodeless electrolytic dressing grinding

apparatus according to any one of claim 3 or 4, characterized by

said semi-conductive grindstone (10) is a ball-nose grindstone.
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