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1 METHOD AND APPARATUS FOR PROFI LE M RROR SURFACE GRINDING .. .. .
BACKGROUND OF THE | NVENTI ON Technical Field of the Invention e TOTHE
present invention relates to a nethod and an apparatus for profile mrror
surface grinding sinmultaneously capable of highly precise profiling
process and high quality mrror surface grinding of an ultra-hard materi al
in a high effjgjency SGhiRt ian af, ~the- Ret FACT GRIND

st anpi ng toolyk%%ﬁEEGNEIﬁgat d‘g%d“ Fgﬁﬁgﬁé§T§?6%§@§s§%%§%§ﬁi%ﬁ#%yﬁgauired
for manufacturing sone parts, for exanple a lead frame of a

sem conductor in which an integrated circuit is installed, with simlar
conplicated and high precisj %HQﬁDS m?hg BT uld be nade by
profile grinding of an uItr%g é% nateé?a’. g'Ll'hus,Tlsagijmr)ofiIe grindi ng
processes atg }qggg;,; efdi%]lqj GR oL OUnJh tiRfe not only highly precise
profiling Bt % so 1 gh eﬁ%lcient grinding for mrror to produce a
hi gh quality surfacqhhg%réjseéﬁr M; RSN i cper f 1 A € toshar pestod | khe, a&ic.)
as a stanping tool. ver, i1 n conventional grinding art, it is difficult

to realize BoLh, ofsSRapi Rgoeh 181 Gl HACI S@Race afeimdinr sirul taneously

\
%

o

grindi ng of “ht gh qual 'ty sinultaneously in high efficiency. So
far, a nmetal.,BoRd.9pEnAsLANG WrkhiBiedhhaidiing ioceegt landasigibequal iised
for conplicated profilé grinding process. 1In such process, shaping

can be doperrbp slik@hce grinding of an ultra-hard material in a high

efficiency.

Descripticn ci the Related Art

A stamping tccl with complicated and high pfecision
is essentially required for' manufacturing some parts, for
example a lead frame c¢cf a semiccnductor in which an
integrated circuit is installed, with similar complicated and
nhigh precision. Such stamping tool should be made by profile
grinding of an ultra-hard material. Thus, prcfile grinding
processes are required to carry out to make not oniy highly
precise profiling , but also high efficient grinding for
mirror to produce a high quality surface that determines a
performance {sharpness, life, etc.) as a stamping tool.
However, in conventional grinding art, it is difficult to
realize becth of shaping of high preciseness and mirror
surface grinding o¢f high quality simultaneously in high
efficiency.

Sc far, a metal bond grindstone with high holding
strengtr. has Dbeern used for complicated prcfile grirding

grocess. In such process, shaping cer Dbe done in high



2 preciseness, although grinding cannot be done to produce high quality
mrror. Therefore, profile grinding processes should be done separately
each other. On the other hand, a thin, sharp grindstone to shape a
stanping tool with a pattern of such harrow width as a l|ead frane
should be shaped in consideration of change of preciseness caused by
def orm ng ofred:ne-@dgdstioneugherefntieg tdeaenechenidoak toouippdusey drign
difficult to apply. In other words, the follow ngs are problens in
the backgreuadi®of wepesat eTpepefsses prcfidéi beinfingr prockases gindidg
in conventional art: (1) the shape of a grindstone wused for conplicated
profiling ppecesaedaegarettedi osashapithgr .i rothi ghe pogbegseneardagai r-bffer
wear-out , because the tip (processing part) of the grindstone is sharply
poi nted to bearpastiydidtome etdobyshagsr -ustanging reedhpvahaft FETR AW of
the tip part does not mintain the sharpness  of the ri ndst one

in profilisagchprocess bedabseasdi &fi tepdy fxgme dsbesildg BE tHeaped 1n

gri ndst one. On the other hand, electrolytic in-process dressing
grindi ng nmetbosidéersian af chamyeyr ¢ AdPASCHESHRY FRUSPD RY i ™ IRART to
realize high efficient, wultra-precise mirror surface grindin .

i npossi bl e brecniavistons. sARgregorart thas NRERN 1 Feveltdpedd aga very
published by the present applicants. In the ELID grinding nethod,
el ectrical | difébmpdlettvea®@hdi ng part of a metal bond grindstone is

di ssolved by electrolytic dressing. An efficient mrror .
Y Iny other wordg, the followings are problems in the

background of separate processes of profile mirror surface
grinding in conventional art: (1) the shape of a grindstone
used for complicated profiling process does not allow shaping
in high preciseness again after wear-out , because the tip
(processing part) of the grindstone is sharply pointed to be
easilv klunted by wear-out ; (2) reshaping affer wear-out of
the +tip part does not maintain the sharpness c¢f the
grindstone in profiling process Dbecause cifficulty «c=
dressing of the grindstone.

Cn the other hand, electrolytic in-process dressing
grinding method (hereafter, ELID grinding method) &as a
yrinding means to realize high efficient, ultra-precise
nirror surface grinding impossible by conventional shaping
irt has Dbeen developed and published by the present
ipplicants. In the ELID grinding method, electrically
:onductive bonding part of a metal bond grindstone 1is
issolved by electrolytic dressing. An efficient mirror
urface g¢grinding for an ultra-hard material 1is possible by

he grinding method using a metal bond grindstone containing



surface grinding for an ultra-hard material is possible by the grinding
nmet hod using a netal bond grindstone contai ning

3 fine grains. Particularly, it is very valuable that the ELID grinding
process with dressing neans for theg netal bond grindstone allows high
efficient and ultra-preci se processing. However, a thin grindstone

havi ng shar pishaped:_tsp Psrtiequered, for isprefiyl iveag ugpiecesst ofre thRID
stanping tool particularly for such narrow width pattern as the |ead
frame. Thegefodéncalphoregs apdlth ngrelse 1Ll Duggradi gy metiieod makEowsbomd gh
efficient and ultra-precisely processed mrror , the follow ng problem
occurs: keeprragdshenshapkows htigh ieffdrientdidnd alitraapd elfiigle preceseing.
shaping is also difficult, because sharply pointed tiﬁ (processed part) of
the grindstone is iHowewskvepy thabj aEiagdstene| beviagyshararebsreg. tip is
Therefore, it is desired to add shaping function of the netal bond

gri ndst one £6IMREEL| BOgri el Pl bikZ es STLELSSr el zi RS bolHRMRIMS hi ghol
precise shaping and_ high quality grinding in high effijciency.

SUMVARY OF PRELERVERRTIONEOr such ngkgoprwidkhk Pehbvewidf Ch@slpednfrareat ed
to satisfy such request., The purpose of the _inventjion is to provide a

met hod and dReABPAF&t udLFoPUBR 0PPPE YATAr S es (it e2 gridih hge BIPDuAhgOTF gh
cffyctent ag.8l il ancoys eracesping of Mgy, preeise shaping and high '
surface or gy 08 B QYR I ™ od S £ CREN: MGV ERL Whdpe C02"agLer/ zed by
difficult and high precise shaping is also difficuli:i, because
sharply pointed tip (processed part) of the grindstocne is
intensively subjected to electrclytic dressing.
Therefore, it 1s desired tc add shaping function of
the metal bond grindstone to the ELID grinding process for
realizing both of high precise shaping and high guality

grinding in high efficiency.

SUMMARY OF THE INVENTION

The present inventicn has been created tc satisfy
such request. The purpose of the inventicn is to provide a
nethod and an apparatus for profile mirrcr surface grinding
1llowing high efficient and simultaneous processing cf high
>recise shaping and high gquality mirror surface grinding.

The method for profile mirror surface grinding
wrovided by the present invention is characterized by:
A) PApplying a voltage between an electrically conductive
rindstone (1) and a shaping electrode (4) for shaping the

rindstone, generating a spark on a conTtact Dpcint by



A) Applying a voltage between an electrically conductive rindstone (1)
and a shaping electrode (4) for shaping the grindstone, generating a
spark on a contact point by 4
contacting the shaping electrode to #he grindstone, thereby shaping the
grindstone by the spark, and (B) sinultaneously applying a voltage between
t he grindsteprezandna diressshgpieteeteadec’) tfor e egsingsthaegr i Hustaime
that is oppositely aligned to the grindstone wthout contact,
suppl yi ng ¢ imonchet pyendstodenyyf l1hied fpameenantienBlt heyrab\t afrews ng
the grindstone by electrolytic dressing. According to the nethod,
t he conductape wimindsat onel tzge betsggnecthd tar idgtqneecig®dona pr&fessimg
process to produce a desired shape by shaping the grindstone with spark
generat ed ielddteradent 2t fooi dreséintethei ggsneascngndhefe 1ssRpFMYLtely

el ectrode (hereafter, this process is called as "spark truing") . In
addition, atitgrati ngot othhe geimdatone hevltdipated CoRLAESY oNnEVERAY BRI drids&ed
by a voltage that is applied between the grindstone and the dressing

el ectrode oppediqiive Ginghian fhuidoRatverhe thghi nddEgseY dhigtoqg the
contact, an conductive grinding fluid is supplied between them and the
conduct i ve GFim@EiUe D% S letF 4 EeESiFGl-ytic dressing to dress the
grindstone, and finally high efficient, hjigh qualit i.rror surface
grindi ng becone posBFBPEIING to thepdefhodunt t#‘ﬁvéﬁ)ﬂ%’ﬁ’ﬁv@vi getagptone
apparatus for profile mrror surface rinding conprising, a voltage
appl yi ng me&AR (B KAISStEE c5Rdukt R e %‘%"‘fﬁ%’t%e PEPF L 1158at BEOGRSENd G t s

axi s and used as a positive el ectrode, . . .
produce g desired sgape Y g%aplng the grindstone with spark

generated in the contact point of the grindstone and the

shaping electrode (hereafter, this rrocess 1s called a

n

“spark truing”). In addition, according to the method, the
shaped grindstone can be dressed by a voltage that is applied
between the grindstone and the dressing electrode oppositely
aligcned to conductive grindstone without contact, an
conductive grinding fluid is supplied between them and the
conductive grindstone is subjected to electrolytic dressing
tc dress the grindstone, and finally high efficient, high
quality mirror surface grinding become possible.

The present invention provides an apparatus for
>rcfile mirror surface grinding comprising; & voltage
pplying means (9) having an conductive grindstone (1)
‘ctated around its axis and used as a positive electrode, a
'ressing electrode (2) for dressing as a negative electrode
hat is oppositely fixed to the surface of the grindstone

ithout contact, and a disc-like shaping electrode (4) fc

[

haping as a negative electrcde that 1s rctated around its



dressing electrode (2) for dressing as a negative electrode hat is

oppositely fixed to the surface of the grindstone wthout contact, and a
di sc-li ke shaping electrode (4) for shaping as a negative el ectrode that
is rotated around its 5 5 axis and that

is contacted to the surface of the grindstone, a supplying neans (10,

11, and 12}x:§0EncSHARLYHRY cotacteROUG itk g¢lntHdy 44 UtKle i Branghasse,
bet ween the grindstone and the dressing el ectrode and the shaping

el ectrode, a BopLNg:inganmetdq) f@o,nowvilng tarel dilso- | iker sheppphyedect sode
along with the surface of the grindstone, and an actuating neans (24) for
rel atively opMipngtite grindsheneiidaniwbpecbace?2Netivedie fii@cgssadstone

thereby profile grinding the object and dressing the grindstone

si nul taneoughy. the dressiey pleseibde | avénttion sHmsing acleetedde, a
grinding processing of a conplex and ultra-precise stanping tool used for
manuf act uri agvanyeadahsane O orfor sweow ioonduied odisttpike t shapihgcalsetsbdpi ng
of a grindstone allows reducing a load in shaping that nay caused by a
mechani cal shapgngiithn tdeli suoflacet a5 bieeagséntlieonet alangonan gectdst dng
containing fine grains is dressed by the ELID grinding method so as to
al l ow si nuineaneou84pr does sieig t iofe hyr gfavimagn threorgzindsticme gid naingbliect

ef fectively. Further, according to the present invention, shaping
and dressing2)oto he grinessede toenebbepredpacagsipdingnghesphiiectnaddsly
carried out to allow high efficient setting and dressing of a grindstone
with a gi vedrehapes Chet teinghbene hakmularepress. of the grindstone is

st eady nmmi ntai ned by an . . . o

The present invention has achieved grinding
processing of a complex and ultra-precise stamping tool used
for manufacturing a lead frame Zfor a semiccnductor chip. It
is because shaping of a grindstone allows reducing a load in
shaping that may caused by a mechanical shaping. In addition
it 1s because the metal bond grindstcne containing fine
grains i1s dressed by the ELID grinding method so as to allow
simultareous processing cf profile mirrcr surface grinding
effectively.

Further, according to the present invention, sheping
and dressing of a grindstone <can be separately and
simultaneously carried out to allow high efficient setiting
and dressing of a grindstone with a given shape. On the other
hand, sharpness of the grindstone is steady maintained by an
effect cf the ELID grinding and the shape of the grinds:tone
can be maintained, if necessary, in operation of shaping of
the grindstone; and therefore, it becomes possible to reduce

steps c¢f grinding fcr sharing and tc sherten time for

schecduling.



effect of the ELID grinding and the shape of the grindstone can be

mai nt ai ned, if necessary, in operation of shaping of the grindstone; and
therefore, it becomes possible to reduce steps of grinding for shaping and
to shorten time for scheduling. 6

According to preferred enbodinent of the present invention, the
conductive grindst@echding i 2o consifsredc obm-od amdrst mage afedi aFRRds-Or
CBN and a conductive bonding part to fix the grains. This conposition

al l ows the spamktibni, ng-handdhdudtiE2 grgmididsgone r ¢ébpvei ef fanidivelas t be
conductive bonding part , and shaping and dressing of the grindstone.

The di sc- i keradnactmaoide of4)diccamprdssesr aCB¥néndl a conductive pantiiagdpartc

surroundi ng sem -conductive part. By this constitution, el ectric
conductivityo fielewérgrainesi Fhascejongposidnionc anidimsts veh@aspachn threiagt
to a value appropriate to spark truing. Besi des, the

sem - conductande thpar ELIDf gdirsting keo elepomveodef fextisteni nghe s qonelfuertdbiey
contains dianmond grains. By this constitution, the conbination of spark
trui ng and htingiigd pgrdi ns acdnsberappl eed doegsingli wf.the grindst@riesr
purposes and benefit characteristics of the present invention wll
be presented in thehefoliswhige deskedtpradm widh reoaases t @ dicanitags.
BRI EF DESCRI PTI ON CF THE DRAW NGS Fig. 1 is a front view of the
appar at us f gionglugttilve part and a surrcunding semi-conductive part. By
this constitution, electric conductivity (electric
resistance) of semi-conductive part can be set tc a value
appropriate to spark truing.
Besides, the semi-conductive part of disc-like
electrode for shaping is preferably cortains diamond grains.
By this constitution, the combination of spark truing and
diamond grains can be applied tc grinding.
Other purposes and benefit characteristics of the

present invention will be presented in the following

description with reference to drawings.

BRIEF DESCRIPTION CF THE DRAWINGS

Fig. 1 is a front view of the apparatus for prcfile
mirror surface grinding of the present invention.

Fig. 2 is a diagrammatic view of the main part of the
Fig. 1.

Fig. 3 is a fragmentary view taken in the direction
of the arrows substantially along the line A-A.

Fig. 4 is an explanatcry figure shcwing an embodimen:

cf the present invention.



mrror surface grinding of the present invention. Fig. 2is a

di agrammatic view of the main part of the Fig. 1. Fig. 3is a
fragnentary view taken in the direction of the arrows substantially al ong
the line A-A Fig. 4 is an expllanatory figure show ng an

enbodi mrent of the present invention. 7

Fig. 5 is a test resul.t sofisanaenpesh nerisudk tde apr es@bbdimyent ic@n. the
Fig. 6 is another explanatory figure showing an enbodinment of the
present inveoksent invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENT
Herewi th, the preferred enbodi ment of the invention wll be described with
reference to the dr&sgngse The sanethsynbetpisnagfioran tfogureonsbnwpagt an
respective figures to omt a duplicate description. Fig. 1is a
front view embbbémappaoht tisefprepenti irvemiroror surface grinding of the
present invention. As shown in this figure, the apparatus for profile
mrror surface grinding of the present invention has a voltage
applying neans 9 in which a conductive grindstone 1 is rotated around its
axis and is used as a PUSCRIES IENe Ofr GdiE, PREFEBRBEDI RYBOBIMENT ode 2
oppositely fixed to the surface of the grindstone w thout contact as a
negati ve el ectrode, Rexsiwidh,i Kdeahrpeigrrefiesmbodémentoroshipengnyengion
negative electrode, that is rotated around its axis separately from
the conduckily@ be described with reference to the drawings. Thé same
symbocl 1s given tc a common part in respective figures tc
omit a duplicate description.

Fic. 1 is a front view c¢f the apparatus for rprofile
mirror suriace grinding of the present invention. As shown in
this figure, the apparatus for oprofile mirrcr surface
grinding of the present invention has a voltage applving
means 9 in which. a conductive grindstone 1 is rotated arcund
its axis and is used as a positive electrode, a dressing
electrode 2 oppositely fixed to the surface of the grindstone
without contact as a negative electrode, a disc-like shaping
electrode 4 for shaping as a negative electrode, that is

rotated around its axis separately from the conductive
grindstone 1, and that is contacted to the surface of the
conductive grindstone 1, a supplying means 10, 11, and 12 to
supply an conductive grinding fluid in a space between the
grindstone 1 and the dressing electrode 2 and the disc-like
shaping electrode 4, a moving means 20 to move the disc-like
shaping electrode 4 along with the surface of the conductive

grindstcne 1, and an actuating means 24 to relatively move

the grindstcne 1 tc an cbject 22 to be processed.



grindstone 1, and that is contacted to the surface of the conductive
grindstone 1, a supplying neans 10, 11, and 12 to supply an conductive
grinding fluid in a space between the grindstone 1 and the dressing

el ectrode 2 and the disc-like shaping elegtrode 4, a noving neans 20 to
nove the disc-like shaping electrode 4 along with the surface of the

conductive grindstone 1-;2nd:qn aGuatdng:geans 24 40.J8laf i yely: mmye the
grindstone 1 to an obj ect 22716 be processed.

8 §geghgkgfhg¥’negg thecEhduclive gE?ﬁéEﬂQngl?CBEOGEe2apb§ratus
install ed near an conductive grindstone 1 of the apparatus for profile

mrror surfsace grintl NGy drdr ORROTRLR 8Ligning M thiosieent agtgnif
the other hand? a disc}iike shapi ng glectrﬁ%e 4 isinstalled ?n gﬁ

stand 3 for yiicAshal | E8fa@n. Y eathd ObtpeeCeRsShAY VA A B sH-i1viked BBApS$ng-
The disc-like shaping electrode 4 is rotated around its axis separately

fromthe corduetirvBedrd Ndst ongsdall8daddi t mOnstdde dr e86tnginsdQQtimedean?
and the disc-like shaping electrode 4 are installed in the main

body of thepjepRar@rSprbéeedorey aMa idsgkarengamesnsl B sThd dssa-phastic
board between themin order to insulate electrically fromthe main body

of the appahapdsg electroddi @. ¥s5i FotadiedgrarBmid c ivsevaxis t Bepamiatepsr t

of the Fig. 1l and Fig. 3 is a fragnentary view taken in the

di recti on of<ridie g ogsSnéubdsiant yai hgssbnag lt.had i addik fon Asthehawesisinghe

Fig. 2 and Fig. 3, the object 22 to be processed and a thin board 22

for transcrleicigcdehe2 shape thfe tdisc-like shaping electrode 4 are
installad in the main body of the apparatus To have an
instlats materizl 6 such as a plastic board between them in
order *tc insulate electrically from the main body o©f the
apparatus.

Fig. 2 is a diagrammatic view of the main part of the

Fig. 1 and Fig. 3 1s a fragmentary view taken in the
direction of the arrows substantialily alcng the line A-A. BAs
shown in the Fig. 2 and Fic. 3, the object 22 to be processed
and a thin board 22 for transcribing the shape cf the
conductive grindstone 1 are installed in the stand 3 for
installing an object for processing. In additicn, as shown in
the Fig. 2, a voltage derived from an pcwer source apparatus
9 as a voltage applying means is applied to make the
conductive grindstone 1 as a positive electrode and the disc-
like shaping electrode 4 and the cdressing electrode 2 as
negative electrodes. Furthermore, a supplying apparatus 10
supplying the conductive grinding fluid, nozzles 11 and 12,
and a tubing system l1la and 12z passing between them are

instalisd Zor the conductive grinding fluid as

m

supr.ying



conductive grindstone 1 are installed in the stand 3 for installing an
obj ect for processing. In addition, as showmn in the Fig. 2, a voltage
derived froman power source apparatus 9 as a voltage applying neans is
applied to make the conductive grindstonge 1 as a positive el ectrode and
the disc- |like shaping electrode 4 and the dressing el ectrode 2 as
negative el erfaredess stpliRer ome e, coriwsitppleyi ot appay atilsidlOte suppkpkng
the conductive grinding fluid, nozzles 11 and 12, and a tubing system lla
and 12a pasgietmyeeet ieen ¢ihamstrene | hskakll edhef giresisé ngorediestitinosiegrd nehaga
fluid as a supplying 9 neans to supply
t he conduct icomtgratngiodgtf lofi dche @rspaseondel weenthbedgsindskeneleciamddehe
dressing electrode 2 and a contact point of the grindstone 1 to the

di sc-1ike elecandde cdnbadt apebntactt pdientgrohdsiiengr ilndst oblee 10bdeche for
object for processing in order to supply the conductive grinding fluid

t hrough t hemprocessing imon ohdent her hmmdy athpr ofeedeet Bve1agr beekng nftlaided
in the top of the apparatus to display an i mage taken on a screen.

Conpar at i ve Pogiudghothem.t he conductive grindstone 1, the object 22 to be
processed, and the disc-like shaping electrode 4 are any tinme nonitored by
the projector 8. ThelnsHpeotber trgad,gra elAifRfEor 8 RaskreRp pptalled
contacting the grindstgne 1 to the thin board 21 attached to the stand 3
for installithgche ePPeef IR 3HPEFAFLTr FBI AgSFHRY sRApSMFAI] he?X &t | PsBone
1 to the thin board 21, in addition to direct nonitoring using the

proj ector 8.Screen. CompRgafldSemO$vishtioh FA® SARHEELA ?ngrﬁgéﬁsoza duch

the obkject 22 to be processed, and the disc-like shaping
electrode 4 are any =time monitored by the prcjector 8. The
shape o¢f the grindstcne 1 1is known by contacting the
grindstcocne 1 to the thin board 21 attached to the stand 3 for
installing an object and by transcribing the shape of the
grindstone 1 to the thin board 21, 1in addition tc direct
mon"itoring using the projector 8.

The present invention has ar actuating means 24 such
as X-Y table by NC capable of moving separately and
simultareously the ¢rindstone 1 to the frontal and back
direction 16 and left-hand and right-hand direction 17 of the
Fig. 3 according to the designation of a control unit 7 tc
allow controlling freely the comparative position c¢f the
conductive grindstone 1, the object 22, and the disc-like
shaping electrode 4 in two dimension.

According to the constituticn of the apparatus for
profile mirror surface grinding, as shown in the Fig. 3, the
disc-like shaping electrcde 4 is comparatively moved

according to the surface of the grindstone 1 and the given



as X-Y table by NC capable of noving separately and

simul taneously the grindstone 1 to the frontal and back direction 16 and
| eft-hand and right-hand direction 17 of the Fig. 3 according to the
designation of a control unit 7 to ablow controlling freely the
conparative position of the conductive grindstone 1, the object 22, and
the disc-lidereshapisng ehectr gdendsk-BneWo Hiymenséoing separaferprdifigito
the constitution of the apparatus for profile mrror surface grinding, as
shown in theimi Garkoudls WHesCedridketishapngdsaonet rrod® the i&rontal and
conparatively noved according to the surface of the grindstone 1 and the
gi ven vack &hepeti®f 16t hmd pefvesimheandy rigmivhagd dSemartdtosl y17 and
si mul t aneously the conductive grindstone 1 to the frontal and back
direction 16natige!leisiband apdtacghhchahd diriedstonell tmn the dascslie
contacting the grindstone 1 to the disc-like electrode 4, supplying the
conductive grenthoue f4ui dupplitieg com acongoctnivef gt bedtomddduiide to the
grindstone 1 and the disc- |ike shaping electrode 4 , and generating a
spark. Therefmtast phénpresenthehapndgcteses qfinasgonedst opadcdmehedisc-
operated independently and sinultaneously with the dressing neans of a
gri ndst one byke hshanimy geledtrederet hodanddgehershapd gy sparkhapbennfore,
dressing of a grindstone can be operated in high efficiency.

Accor di ng tbhehprpseséntsharidid | Bgansa @f i Adtomelstonedr eaBedepyonsraged he
apparatus for profile mrror surface grinding, applying a voltage

bet ween t hedeperdeifety v@and simultaneously with the dfessing means of a

grindstcne by the ELID grinding method and the shaping of
shape and dressing of a grindstorne can be cperated in high
efficiency.

According to the present inventicn, a ¢grindstcne is

ile mirror surface

tHh

dressed by using the apparatus for prc
grinding, applying a voltage Dbetween the conductive
grindstone 1 and the shaping electrode 4, contacting the
conductive grindstcne 1 tc the shaping eiectrode 4, shaping
the conductive grindstone 1 by generating a spark on the
contact point, and simultaneously, applying a voitage between
the conductive grindstone 1 and the dressing electrode 2
opposite to the grindstone without contact, supplying the
conductive grinding fluid between them, and subjecting the
conductive grindstone to electrolytic dressing.

In other words, the conductive grindstone 1 is mcved
along with the desired shape of the object 22 to be processed,
monitoring comparative position of the conductive grindstone
1 and the object to be processed by the projector 8, by the

actuating means Z4 capable of moving separately and



grindstone 1 and the shaping el ectrode 4, contacting the conductive
grindstone 1 to the shaping el ectrode 4, shaping the conductive

grindstone 1 by generating a spark on the contact point, and

si mul t aneousl y, applying a voltage between the conductive grindstone 1 and
the dressing electrode 2 opposite to the grindstone wthout contact,

suppl ying - Lhg,- condiediye r i ndiagctlyl d. bma@eaéhemo%su%sewgqahe

conductive grlnas one 16 electrol ytic dredsing. ot her “wor

the conduct bug, ot ogst o8e 16l ScEDVatk R0 Md I Anin desld od: shapeoof 19he

object 22 to processe noni t ori ng conparative position of the
conductive ghpndglang,q 1&%& thObP?@t d R p&ece§§ecbmcéiseedor%9€teé 8,

by the actuating “nmeans capabl e novi ng separately and

S'”U|ta”eou§b¥r5B@dc%ﬂﬁHQEhh%ougnyn4§ﬁon§eéa£9téh§ fFromt & aBEnsbagk thne
direction 16 and left-hand and right-hand direction 17. The shapi ng neans

of the objeet,1Hho BeiRHDPEESSRELEAA, bean@per at edimh Mbhhéseous! Yapplied to
separately froma nmeans by the ELI D grinding nethod, and 1s

si mul t aneougl¥ =i apRYi edock8s RHTRf ithifgePr @§9§§c@nqrﬂhaﬁ ay 98 fae€ erhieding
of the object to be processed. According to aforenenti oned nethod,

t he conductmbebegpradégggg 1 can be subjected to profiling process to
produce a desired shape in a high preciseness by contacting the

conductive grindst@aecrBinigo téd he fxtwpnidonekdechetised, 4 tiand cogenertateng
a spark or the contact point to shape the conductive grindstone 1
(spark trui mglindbtushéel, cancbedsnlkatedf apepentidned petheds ttheroduce
conductive grindstone 1 can be
&2 desired shape 1ir a hich preciseness by contacting the
conductive rindstore 1 o the shaping electrode 4 and
generating a spark on the contact pecint to shape <the
conductive grindstone 1 (spark truing}. Further, according to
aforementioned method, the conductive grindstone 1 can be
dressed by the ELID grinding between the conductive
grindstone 1 and the cressing electrode 2 oppcsite to the
grindstone without ccntact, and high cquality mirrcr surface
grinding can be highly efficiently operated.

Besides, an apparatus for profile mirror surface
grinding of the constitution can achieve grinding processing
of a complex and ultra-precise stamping tool that is used for
manufacturing a lead frame for a semiconductor chip. It is
because shaping of a grindstone allows reducing a load in
shaping that may caused by a mechanical shaping. In addition
it 1is because the metal bcnd grindstone containing fine
grains is dressed by the ELID grinding method so as to allow
simultaneous processing of prcfile mirror surface grinding

effectively.



dressed by the ELID grinding between the conductive grindstone 1
and the dressing electrode 2 opposite to the grindstone w thout contact,
and high quality mrror surface grinding can be highly efficiently

oper at ed. - Besides, an apparatusyfor profile mrror surface
grinding of the constitution can achieve grinding processing of a conplex
and ul tra-precise sLanEing tool that is used for manufacturing a |ead
frame for a sem condBEtBRZ chPpSOFE-1E Lt’fecg' tfs FIATEP g TBFeRL G nd¥R &Fiens
allows reducing g _load in shaping that nay caused a nechani cal shapj ng.
In addi;ion“n?t ?seﬁﬁéﬁﬁseCFhe ﬁpt&ﬁ*“@ﬁ “é?ind?fbngg%onFEFﬁrﬁéeﬁWne aid
grains is dressed by the ELIDrgr?nqhﬂg gﬁthqd SO as mul t.aneous

: + L L0 QW _ Sl ane
processi ng of" protile ¥ ror strface gri diarfgwwef“f“e‘t’:r%’i fgjlfi/l.men% setiing

12 FRATAREL S P00 i nge LoaLRS, pr ooeNty | AN T Al ool e e

dr essi ng a ~ gri tone" eparat el

carried outyteal Lon i gl oLF clenk setiag and duassing ol ar iistone

wi th a given Shape. an sharpnéss o e grin ohe-i s

steady mei npakged By aRe hfertoofndhie FLLD ghindiggeand the shapeadl e

gri ndstone ~¢an be maintaine necessary, 1n ope api ng

the grindstone: pang,iecelare, if PECOlBs Posshbhecto (auce Sens of:

grinding for apl ng shorten r scheduli ng.

o 1 SER R R0 LN B0 SR b MR-G5k
steps c¢f grinding for shaping and to shorten time fcr
scheduling.

It is preferable that a conductive grindstone {1} is
consisted c¢f greins made of diamonds or CBN and a conductive
bonding part to fix the grains. This composition allows the
spark truing and the ELID grinding to remove effectively the
conductive bcnding part , and shaping and dressing of the
grindstone.

It 1is preferable that a disc-like electrode 4
comprises a conductive part and a semi-conductive pert. By
this constitution, electric cenductivity (electric
resistance) of semi-conductive part can be set to a value
appropriate to spark truing.

Besides, a semi-conductive part of disc-like shaping
electrode 4 is preferably contains diamond grains. By this
constitution, the combination of spark truing and diamond

grains can be applied to grinding.

Embcdiments

NexZ, the present invention will be described 1in



bonding part to fix the grains. This conposition allows the spark truing
and the ELID grinding to renove effectively the conductive bondi ng part

and shapi ng and dressing of the grindstone. It is preferable
that a disc-like electrode 4 conpridgés a conductive part and a
sem -conductive part. By this constitution, electric conductivity

(electric resistance) of sem -conductive part can be set to a val ue

appr opri at eacecspande twifimgmnbodiments.Besi des, a seni-conductive part of

di sc-li ke shaping electrode 4 is preferably contains dianond grains. By
this constitution, Iph&heordBirsat RS FRadK (TWIRG drid ot dbnlehe ghedms: can

be applied to grinding.  Enbodi nments Next, the present
i nvention wehat be sBeweriBedigi-n4 (A), produced the same stock removalh
accordance wi th enbodi nents. In the first place, spark truing

tried by thasSnehak, oft KePths adhoWAti ACKI §eTy EAPr tpriodifced t NePRERS ot ok
renoval as that of depth of cut for very short tipp. In contrast,  a
convent i onaFoPHRRtIgRahdstWhe ITTLROEEPPRA  (SATER: -SRI undihte gri AULREWR

contai ning a_nmai.n_conponent .of grai ns_pade of ﬁﬁgglg?'nun1oxide_ a
I

Lrui ng or i nBELERE=PRBAGREASANMBYL oLt olRTPe BoRpari S5 th That
educti on i AR ORAEH (Resé 1 EEORPE, CHRIREn: PORAITA GUARIGT oRR i s

difficult Tor npehapieal {fuing,of: YSEY.WDALdQLL NPt QA8 RUSP cur. Fig. 3

shows a relationship between depth of cut and reduction in

radius. From these results, the conventional WA grindstone is

ifficult for mechanical truing of very hard grindstorne such

as metal bond grindstone made of cast iron used for the ELID

grinding and inefficient.

Next, spark truing of —one-side V grindstone

(conductive grindstone 1) was carried out by the means shown

in Fig. 4 (B). The condition of spark truing was applied

voltage 110 V, maximum current 10 A, pulse width in both ON

and OFF 2 usec. For optimal spark truing, a disc-like

electrode (4) for shaping was composed of & conductive part

and semi-conductive part and electric conductivity (electric

resistance) of the semi-conductive part was adjusted to a

value suitable for spark truing. As the result, the roughness

of the grindstone before truing was about 100 g m in the

standard surface and about 40 um in inclined surface (15°),

and after 3 hours, reduced to 5 um.

A tapered part of the object for processing shown in

23]

ig. 6 was ground by the ELID grinding using the one-side V

grindstone (conductive grindstone 1) 1in comkinaticn of spark

[{9]



as netal bond grindstone nade of cast iron used for the ELID grinding and
i nefficient. Next, spark truing of one-side V grindstone
(conductive grindstone 1) was carried out by the neans shown in Fig. 4
(B). The condition of spark truing was applied voltage 110 V, maxi mum
current 10 A, pulse width in both ON and OFF 2 [err]sec. For optinal
spark truing, ._a di ctrode r~sha S C osed of _a
conductive parr *aﬁ&dgéﬁF‘éﬁhéhcfﬁve gérf % d erectrlc conduc?Pelty Seet

| ect t the t 1 I
Sui tabl e 1 o?’eé'b}rr%”c%f) g s TRES RS g ﬁLé’h??i%%#@%’f%" ofi 28t bne

pefore Lrul g wascahaul hﬁggflg; b DRl pest? g&gn vhbage andﬁbﬂiﬁk]\/m

[errImin i c |ne surface [err

A tapered p%fk_%%nhﬁ%lgﬁl%%tqyg ﬁ%fﬁwgfi s %% pH &84 ©o¢;a?9r9§nq by

the ELID gri'nding using the onduct.i ve gfi ndst ohe
1) in conbi &L%ﬂmoEusggﬁE se w1d%% % Z}ASEC/OFF 4 uskt. truing
and neasure e roughness of Pace is object for processing was

ul tra-hard all oy (VJzQS %ﬁ%orngHlEO J&@ rRfifinkle rgughnessoface surkace
before grindi ng was 1 [err] . The condltlon of the ELID grinding was
appl i ed vol tﬂ.@ﬁs@ﬁn\é pBBEhHHH‘ cyroegt #mke Padse ovizdt h kYN Zery good
[err]sec/ OFF 4 [err]sec. As the result, the roughness of a surface

after finishiZf@cepr odugerty 0. 088 [&inledR and  QoRparieion MRYithVekye
good surface quality mas achieved in conparison wth the
convent i onalcqrehit:engni petofig 1sugkasding surface.

According to the present invention, when the
cenductive grindstone was electrically, independently, and
simultaneously dressed and shaped, shape and sharpness of the
grindstone can be maintained in the high efficient shaping
and grinding conditions, and also high efficient mirror and
profiling process, that was so far difficult, of the object,
such as a punch for lead frame havinc a complex shape become
possible. According to the present invention, high precise
profiling process has become possible, and as a result, the
punch used for lead frame having high processing preciseness
accomplishes high precise lead frame. In the case of the
punch for lead frame, a surface subjected to mirror allows
improving a performance (sharpness, life, etc.) than the past.

This means that a methcd and an apparatus for profile
mirror surface grinding have an excellent effect capable of
highly efficiently and simultaneously operate high precise
profiling process and high quality mirror surface grinding.

Aithough the preferred embodiment of the invention

has been described, *the embodiment is tc be considered in all



According to the present invention, when the conductive grindstone
was electrically, independently, and sinultaneously dressed and shaped,
shape and sharpness of the grindstone can be maintained in the high
efficient shaping and grinding conditidhs, and also high efficient mrror
and profiling process, that was so far difficult, of the object, such as

a punch for_| ead frane aving a .c nplex shape ey 0Sgl bl.e. Accor di ng
to the presErtPImverfts omttUhigh preC|se Fﬂ(ﬁl%ﬁ ng prégess ﬁgs eggmec‘Ejs

possi ble, and as_a result h, Us f 4 a
processi ng p BT heHess” ac%%ﬁ%fl PE Jhl g prog{n se frair1re¥ﬂlngo‘;]ilf1e ‘cdse
of the pun ﬁad a sul f S t@q MRLor, OWSf

i mprovi ng a&g%é%rl{ndnce %s%cr“l%léss h‘lal?%e mdff&[§§éjha§ tFleé pasagﬁjgle '8t the
Thi s means éh %ﬁg& ’H% apparatus for profile mrror surface

gri ndi ng have an exce fect capable of highly efficiently and

si mul t aneously operate high precise profiling process and high quality
mrror surface grinding. Al t hough the preferred enbodi ment of the
invention has been described, the enbodinent is to be considered in al

15 respects as illustrative and not restrctive. In other words, the
extent of the present invention includes all inprovenent, anmendnent, and
equal things included in the range of the <clains attached herewth.



WHAT |'S CLAIMED I S: 1. A nethod for profile mirror surface

grinding character| — appl ying a voltage between a conductive
grindstone (1) Hmmﬁgnﬂﬂimmm el ectrode (4) for shaping the
grindstone, ge park on a contl&ct point by contacting the
shaping el ectrode to the grindstone, thereby shaping the grindstone by the
spark, and W Sionult 2ous]y applying a voltage between the grindstone
and a dressl etectti 2P for dressing the grindstone that is
oppositely aligned to the grindstone wthout contact, supplying the
el ectrically conductive grinding fluid between them thereby dressing

the grindstone by, elgctyolytic cres§ifgie mirrcy s@rfdBe APPAIGEUS, T OT
ng,

profile mrror surfaée grinding conpri‘sing; a vor%age appl yi'ng neans
(9) havingﬁ%gpacg ecild ly conductive grindstone (1) rotated around

its axis and used as a posSitive electrode, a dressing electrode (2) for

dressing as ggﬁgﬁ%ﬁ!ﬁ%ﬂ %Ctx;rociciz%gtehaﬁeﬁﬁeé’rppgsicbﬁEﬁctEbé?d;zti%&%n%Uffii)Ce

of the grind contact”, and a disc-l1ke shaping el ectrode (4)

for shaping,as a negaljivg ehectiode (ARt rds SHREANRd taeOUBdindbSona@xi s
and that 1I1s contactedto the surface of the grindstone, a supplying

means (10, geddyat 804 alzkgaiﬁr oBUPP! Hon@aclN peleet Weakbyiteenddgt i ¥vige
grinding fldid in a Space between the grindstone and the dressing

electrode apdsifhfe ex@RdHE to the grindstone, thereby shaping the

rindstone by the spark, and

(B) simul:faneously applving a voltage between the grindstone

and a dressing electrode {2) for dressing the grindstcne that

is cppecsitely aligned tc the grindstone without contact,

supplying the electrically conductive grinding fluid between

them, thereby dressing the grindstone by electrolytic

dressing.

2. An apparatus for profile mirror surface grinding
comprising; a voltage applying means (9) having an
electrically conductive grindstone (1) rotated around its
axis and used as a positive electrode, a dressing electrode
(2) for dressing as a negative electrode that is oppositely
fixed to the surface of the grindstone without contact, and a
disc-like shaping electrode (4) for shaping as a negative
electrode +that 1is rotated around its axis and that is
contacted to the surface of the grindstone,

a supplving means (10, 11, and 1i2) for supplying an
electrically conductive grinding fluid in a space between the

grindstcne and +the dressing electrode &and the shaping



electrode, a noving means (20) for noving the disc-like shaping

el ectrode alo e of the grindstone, and an actuating neans
(24) for rel a{]ﬂmmw&“ﬁuﬂﬁt ﬂfgrlndstone to an object (22) to be
processed; thereby ‘'shdpifig "and grindify the object and dressing
t he gri ndstone sinultaneously. 3. An apparatus for profile

mrror surface grinding according to claim2, characterized by said
electrlcallf‘“cdndﬁstlve grindstone (1) consisting of grains nade of

di anonds or OBN, and an electri aIIy candugt Ly g bonding jpart ; ;L ixi he
grains. CV-RS AlE §%% fus for: pr%%krgqnifgor gﬁ% ce&grlggag

di t | trod
() Compei s e ea-grg. pEPREPRLER R B SRLE b o AR écﬁ.c& ly
conductive patt. ..at meal QQ4§p&%raL%§a QQeEg Bb?ng:%ﬁ%r %ﬁn
8. Rk 3, |ca

grindi ng accor Characterized el ect

conductive payt gf BQfeE’{SC(ii ke ?:Q@a@engp%egééé’ge G A n%haﬁ'laﬂjon%nc

grains.
. grinding the object and dressing the grindstone

simultaneously.

3. An apparatus for profile mirror surface grinding
accecrding to claim 2, characterized by said electrically
conductive grindstone (1) <consisting <c¢f grains made of
diamonds or CBN and an electricelly conductive bonding part

fixing the grains.

4. An apparatus for profile mirror surface grinding
according to claim 2, characterized by said disc-like shaping
electrode (4) comprising a electrically conductive gpart and a
semi-electrically conductive part.

5. An apparatus for profile mirrcr surface grinding
according to claim 2, characterized by said semi-electrically
conductive part of the disc-like shaping electrode containing

diamond grains.



