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"DESK- TOP 4- AXI S APPARATUS FOR PROCESSI NG M RROR SURFACE 24 0CT 70
BACKGROUND OF THE | NVENTION 5 Technical field of the invention’ 00
“The present invention relates to an ultra-precision processi ng

technol ogy for electronic or optical devices, die parts, etc., and-
"nore particularly to a desk-top-type 10 4-axis mrror surface processing

- apparatus that processes even a hardy brittle material, such as
cenment ed car bi de, hi ghly accurately and efficiently into a mrror
-surface with a conplicated shape. 15 Prior art. Desk-top

| athe, desk-top mlling machine, etc. are used widely to process snall
parts for hone, Iaboratory etc. These desk-top processing machines

Fai nly process rat her easy-to-process nmaterials such as copper,
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refractory material, e.g., a hard, brittle material I ncl udi ng fine

cerani cs, optical glasses, and S|ngle sem conduct or crystals, used for
el ectronic or opti cal
BACKGROUND OF THE INVENTION

Technical field of the i i _

The preéeht invention relates to an ultra-precision
procéssing technology for electronic or optical devices,
die parts, etc., and more particularly to a desk-top-type

10 .4—axis mirrér surface processing apparatus that processes
eveﬁ a hard, brittle material, such as cemented cérbide,
“highly accurqtely and efficiently into a mirror surface

with a complicated shape.

15 Prior art _

Desk~top lathe, deskjtop milling machiné, etc. are
used widely to process small parts for home, laboratory,
etc. These desk-top processing machines mainly process
rather easy-to-process materials such aszcopper, aluminum,

20 wood, énd plastic. On the other_hand, to process a
refractory méterial, e.g., a hard, brittlé méterial'
including-fine ceramics, optical glasses, and single
semiéonductor cryétals, used for electronic or optical
devices, and cemented carbides etc. for die parts, a large,

25 general-purpose machiné must be used conventionally even
when the workpiece to be processed is small. Therefore,
there has been wide demand to develop a desk~-top processing

apparatus such as a desk-top .lathe that. can be used at hand



“devi ces, and cenmented carbides etc. for die parts, a large, 25

gener al - pur pose nmachi ne nust be used conventionally even when t he
wor kpi ece to be processed is small. Therefore, t here has been wi de
demand to devel op a desk-top processing appar atus such as a desk-top
| at he that can be used at hand 2
and can process even a hard, brittle material or a cenmented car bi de,
etc. with high precision and efficiency. However, the follow ng
difficulties were involved in devel opi ng a desk-top processing
apparatus such as that 5 described above: (1) To process a

hard, brittle material or a cenentsgé carbide etc. to a preferred _shape,
the wor kpi ec@PRuSERPRIOCES HRNMRP th@&ddi RERET bR drateriady e srEentsd v,

and Z di rc%gaiia@,s)e@égmi/tl@%%kf%)%!e)ﬁisf%ntgﬁé g@ci wor kpi ece 10 is

moved normal Iy in two directions in a horizon I"ane (for

éxanpl e, X and Y ditwetéonsthe tfrdrlelang, dafficubtied ghird navelivedi ge or an
NC drive device extends in the X and.Y directions, resulting in an
excessi vel y Idgvgdopingj asdeskalioRProcessing appareiks tvrhprsc&bstng

appar at us To avoid this problem if the workpiece is noved

) . 2
only in ode é%FEEfPSH é?%ﬂ?h the horizontal plane (for

(1) To process a hard, brittle material or a cemented
carbide etc. to a preferred shape, the workpiece must be
moved three-dimensionally (for instancé, X, ¥, and 2
directions) highly accurately. At this time, the workpiece

10 is moved normally in two dire;tipns within a horizontal
plane (for example, X and Y directions), therefore, a
straight travel guide or an NC drive device extends in the
X and Y directions, resulting in an excessively large
installation area for the desk-top processing apparatus.

15. (2) To avoid this problem, if the workpieée is moved
only in one direction within the horizontal plane (for
instance, Y direction), and the tool is driven in two
directions within the vertical plane (for example, X and Z
directions), the straight travel guide for the tool becomes

20 large. In particular, if the tool is mounted on a mounting
head supported as a cantilever by the straight travel guide
or the NC drive device; to facilitate replacing the tool
eﬁc,, high-precision processing is disabled because of
deflection etc. of the mounting head, caused by a

25 processing resistance. If a hard; brittle material,
cementéd'carbide, etc. is processed, the optimum processing
-method is'ﬁo grind with a grindstone, however, processing

resistance to.grinding.is greater than in a normal cutting



‘instance, Y di

rection), and the tool is driven in two directions within
the vertical plane (for exanple, X and Z directions), the straight
:travel .guide for the tool becones 20. large. |In particular, if the tool is

mount ed on a nounting

travel guide

etc., high-preciéion processing is disabl ed because of

head supported as-a cantil ever by the straight

or the NC drive device, to facilitate replacing the tool

of the nmounting head, caused by a 25 processing resistance. If a hard,

brittle materi
processi.ng

al , cenented carbide, etc. is processed, the optinmm

method is to grind with a grindstone, however, processing

3 ocadt o b bep At S R, AR 28] B Rt ke, sheapenc

becones. still
grinding a

5 process the
only in one di
t he wor kpi ece
Consequently,
in two directi

HWHRMe® still greater(3) Wien a grindstone is used for

wor kpi ece, tﬁ

wor kpi{8¢eWhen ahgsindsimne fist heedr fodsgnivedican a rotate
recti.on (fogginst nce, .  Z direction)
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e tool (grindstone) itself nust be rotated to

he shape in which

defl ection etc.

AU RUIR X GBrRpiece . IUREGNEI£EY A MY UL £ BRE PLYT ded

ons = .
rotate only in one direction (for instance, Z direction),

.the shape in which the workpiece can be processed is

restricted considerably. Consequently, although axes of

10

15

20

grindstone revolutions must be provided in two directions
(for example, Y and Z directions), the grindstone drive
mechanism is complicated and becomes large, so the desk-top

processing apparatus becomes bulkier.

SUMMARY OF THE INVENTION

The present invention aims at solving thesé problems. -
That is, .an object of the present invention is to provide a
desk—tbp 4-axis apparatus for processing mirror surface in
which the deflection etc. of a mounting head for installing
a tool is small, the grindstone can rotaFe in two

directions, installation area and apparatus are small and

* compact, thereforé, even a hard, brittle material, cemented

25

carbide, etc. can be processed'highly precisely and
efficiently. ' '

- The grindstone used for grinding is loaded shprtiy
between grind-grains, thereforé, it is difficult to

increase its operating efficiency. Meanwhile, to solve



10 (for exanple, Y and Z directions), the grindstone drive mechanismis

conplicated and becones | arge, so the desk-top processi ng appar at us
:becones bul ki er. 15 SUMVARY COF THE | NVENTI ON

The present invention ains at sol ving these probl ens. That is, an

obj ect of the present invention is to provide a desk-top 4-axis
apparatus for processing mrror surface 4n 20 which the deflection etc. of
a nmounting head for installing a tool is small, the grindstone can
rotate in two directions, installation area and apparatus are snmall and
conpact, therefore, even a hard, brittle material, cenented car bi de,

etc. can be
gri ndst one us

Efxgge%fc?glr%}ir\{grﬂr%e fls%h%glrﬁ aﬁdth%Spreégérﬁ:qu_@lveYltlon t al,

t herefore, |HeVéldpéalthételertrolytmcreasprm¢essunréﬁsumy @&hndnagcy
Meanwhi l e, to solve

meghedt &@%bbz"ﬁf@dprt@s@ﬁ@l gyénding mathad) - Thﬁei?éﬁﬁ?@'d t he
b
ﬁé?ff ﬁorﬁgs%?eglg%sr{ Q) ﬁ%'vnﬂop a &@é}bq;%p(% tgir q_w ated to ELID

probl em the
el ectrolytic
grindi ng net
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25

apparatus for processing mirror surface using ELID grlndlng

and reducing processing resistance.
More explicitly, according'to the present invention,

provided is a desk-top 4-axis apparatus for processing

mirror surface composed of a @ table (4) that carries a

workpiece (1) to be processed and is driven and rotated by
a numeric control system around a vertical B axis, a
spindle (6) that is moﬁnted with a conductive grindstone
(2) and is driven and rotated éround the axis thereof, a
grindstone mounting head (8) to which the rotating shaft C

of the spindle can be mounted in the Z axis’direction

parallel to the B axis and in the Y axis-direction

horizontally orthogonal to the B axis, in a freely
detachable manner, a twist prevention guide (10) to prevent
the grindstone mounting head from twisting around the X
axis and the Z axis, an X * Z table (12) that directly

drives the grindstone mounting head usiné the numeric

control system in X and Z axis directions, a Y table (14)

'that directly drives the 8 table using the numeric control

system in the Y axis direction horizontally orthogonal to

the X-Z plane, and an eélectrical processing means for

eleétrically_processing an electrode and/or the material to

be processed.

The

tween gri nd-gralns,

this



‘invention is intended to devel op a desk-top 4-axis 5 apparatus for

processing mrror surface using ELID grinding - and reduci ng processing
.resistance. More explicitly, according to the present invention,
provided is a desk-top 4-axis apparatus for processing mrror surface

conposed of a [err] table (4) that carries a 10 workpiece (1) to be.
processed and is driven and rotated by 5 a nuneric.control syst em ar ound
a vertical B axis, a spindle (6) that is mounted with a conductive

gri ndstone (2) and is driven and rotated around the axis thereof, a
‘grindstone nounting head (8) to which the rotating shaft C 15 of the

spi ndl e can be nountred thast BenZigxtst b ,edtheoRorkpipes al$ ahovad tahe-ddsaxi s

and in the Y axis direction hori zontal |y orthogonal to the B axis, in a
freely det%éﬁ@mﬁér planewpsiy pieviédier YoRigergeon 1@?111% fﬁﬁe\){ent

t he grindston hea om tw sting around the xis and the Z
axis, an X zt @%@Y gtggﬁrgﬁf?éstOék 1§ PoE§% AR r?%% one nDunting

head using the nunerlc ' ) X and.,Z axjs directions

table (14) TG a&msd%eege? T eleneineafaarhs Fhotnbhores -

contr ol syg% axi s di Eect: on .ho;hzogt al IX ort hogonal to 25

the X-Z pl ahe o & eée &rlel cqP BFS Jé‘é%’f% Heans ct rically

processing an gt&eirQiemN4he’ 1h88a I Eldrilarded can bb.emaagcaﬁéfﬂ- In
addition, because the twist prevention guide (10) prevents

the grindstone mounting head (8) from twisting around X and

Z axes, the guide can cooperate with the X « Z table (12)

10 to reduce dlsplacement such as deflection of the grlndstone
mounting head (8), while guiding the head. Furthermore,
since the grindstone mounting head (8) is configured so -
that the rotating axis C of the spindle (6) can be
installed so as to be detachable in Z and Y ax1s dlrectlons,

15 the apparatus can cope with 2-direction grindstone
revolutions simply by removing and mpunting the head.
Therefore, the grindstone drive mechanism can avoid the
need of a complicated, large set-up.
| According to a preferred embodiment of the present

20 invention, the aforeméntioned twist prevention guide (10)
is composed of a parallel 2-axis rod guide (lla) for
guiding the grindstone mounting head (8) in the X axis
direction, a double-end supporting block (11b).for
supporting both ends of the above-mentioned 2-axis rod

25 guide, and a parallel 2-axis rod gﬁide {(l1c) for guiding
the double~end supporting block in the X axis direction.

Because twisting around X and Z axes is prevented by

the twist prevention guide (10) configured simply without a



I'n this configuration, the workpiece is noved across t he hori zont al

pl ane only in the Y direction using the Y table (14), and the
-grindstone is nmoved in X and Z directions across the vertical plane
using the X [err] Z.table 5 (12). Therefore, no protrusion in the X
direction is ~required and the installation area can be nmade small. In
addi tion, because the tw st prevention guiéde (10) prevents t he

gri ndstone nounting head (8) fromtw sting around X and - Z axes, the
gui de can cooperate with the X Z table (12) 10 to reduce displ acenent
such as deflection of the grindstone nmounting head (8), while guiding
t he head. Furthernore, since the grindstone nounting head (8) is '
configured so numertlﬁaf:oflﬁéoio‘E‘%‘E]P?fblsé‘klestCC'oﬁnfih‘éhngndI eteb}ecdhZbels
installed so as_to .be_detach in Z and axi s directions, ‘15 the

appar at us can BEFEF IGRLhY2cqR E%f}%ﬁlkﬁwxh@§@oﬁeaXls diEeGt iRt oihenefore by
removi ng and Lérobtl(?'&% Lhe Beaghe grinddiQh&f P\% ntELES ﬁééc[l]dééﬁ) r13ee CJlrre'd\{leced

mechani sm can av need” of a conplicateé arge set-

According to aamt & eanded embsdta®ie Q{mﬁdﬁdallQ%eabntﬁQlléwWﬂrpmlgh

af orenmenti oned tw st prevention guide (10) is conposed of a parallel
2-axi s rod 3guidREYTEFY) f or QU|d|ng the grindstone nounting head (8) in

Suppor ?.X'né ot h endd 81 SERECRRGVERTRA AFORATSo- Bk 22 APV GOl 60, Stind

arallel 2-axi,s rod guide (11c)_ for uudln .
P }? 8 ghntln squace (%a) pagallel to the X-Z plane and

an X * Y mounting surface (6b) parallel to the X-Y plane.

The X * Z mounting surface and the X * Y mounting surface

10 are configured to be capable of being mounted to the

grindstone mounting head (8) opposite to each other.
In this configuration, by simply mounting the X + 2

mounting surface (6a) and the X * Y mounting surface - (6b)

opposité to each other on the grindstone mounting head (8),
15 the rotating shaft C of the spindle'(6) can cope with the '
rotation of the grindsﬁone in the two directions of the Y
and Z axes, while the grindstone drive mechanism can also
be made compact. |
The above-mentioned means.of electrical processing is
20 'compésed of an electric power supply means (16) to the
positive electrode of the grindstone via a rotary feeder
and the negative electrode of the aforementioned electrode,
" and a processing fluid feeding means (18) for supplying a
conductive processing fluid between the above-mentioned
25 grindstone and the electrode. The ;forementioned~eleqtrode

is processed either when the workpiece is processed or



t he doubl e-end supporting block in the X axis direction.

Because

tw sting around X and Z axes is prevented by the tw st prevention

-gU|de (10) configured sinply w thout a
6

numeric control mechanismetc., and the X Z table (12) is

nunmerically controlled in X and Z . axis di rection, therefore, _
di spl acenent of the grindstone nounting hgad can be reduced and X and Z

axes can be nunerically controlled with high 5 accuracy.

The

af orenenti oned spindle (6) is provided with an X [err] Z nounting
surface (6a) parallel to the X-Z pI ane and an X [err] Y nounti ng
surface (6b) paralle he X- nting surface and
the X [err] Y HOGHEEGGS EE#Yac?en fllge frr{élt(?or]lfll 88?‘%}8 tRe g’cﬁ’fpmlSPeGel ng

mounted to thelectrodel gs&?”fs Wh&ﬁ%ﬂ%ﬁét(@i Pt?féiéﬁ&d%t%%%h ot her.

In this configuration, by sinply nounting the X
surface (6a) and t h&®hXs[eonfighrahinin rgnsactbecetd 6h)ther

nmount i ng
ampposite to each

ot her on the grlndstone nount i ng head (8 15 the rotating shaft C of the
spindl e (6) cteSEpeLlufEtR @ﬁ%ssmg fo@tna neéecm@d@rwcﬁhmqlwzedemm
ggaeglt!sgns sof ”E%n%actlesgnlqoge dq%hlgeat le répggttorr{ﬁn%r ' a mechani sm

contact mode, so that the electrode can be trued with high

‘accuracy or ELID processed while the workpiece is being

processed. Therefore, even a hard, brittle material,

cemented carbide, etc., can be processed highly accurately

10 and efficiently.

A numerical control system (20) for numerically

controlling @ table, X * Z table and Y table

is provided

and processes the workpiece using the ELID method to

produce a free, curved surface, through simultaneous or

15 successive controlling of the three linear travel axes (X,

Y, Z) and one rotation axis (6).

According to this configuration, a simple numerical

control mode is enabled using the numerical control system

(20) (for instance, a personal computer), thereby high-

20 accuracy processing can be achieved.

The aforementioned conductive grindstone (2) should

be produced by solidifying conductive powder

and non-

conductive powder by sintering or metal plating. In this

configuration, a conductive rotary grindstone can easily be

25 manufactured in ahy of types of a circular disk, cylinder,

ball nose, etc.

The ‘above-mentioned conductive grindstone (2) is a

rotating body with bottom surface, outer periphery, and



‘be made conpact. The above-nenti oned neans of electrical
processing is 20 conposed of an electric power supply neans (16) to the

-positive electrode of the grindstone via a rotary feeder and the
negati ve el ectrode of the aforenmentioned el ectrode, and a processing
fluid feeding nmeans (18) for supplying a conductive processing fluid
bet ween the above-nentioned 25 grindstong and the el ectrode. The

af orenenti oned el ectrode is processed either when the workpiece is
processed or. : 7 : L
intermttently, in the state in which the above-nentioned el ectrode is

or.is not in contact with the grindst n is configuration can
activate eit h&998nPOTrtioRp ey '

e. . Th g
_ Sk iRATdr ©FsithG RAERHR H%MHFGdECi s
el ectrolyzed i ssA+RANLAFED £SSe MO88e Q5nGYEL i e;f ! i in a
cont act nnde,é;?%?ﬁgtttﬁe e?é%trd%e can gentruégaaﬁ?ﬂmﬁggﬁﬁg ih g%%%racy or
ELI D processeconfilgerhbhtonockni grecdss tiengorkpiepe oDess ed.cohpeiehaed, even
a hard, brittle material, .cenented carbide, etc., can be processed
hi ghl y accur atsdiape ¥bidadretatengnthe conductive gpindsfaneal control system

(20) Tor nuymeri callyne arofRLKPLLARD JEiphetPhS) 2 [Shidosed 3§ and' Y
conductive material, which is electrically insulated from
the above-mentioned conductive grindstone, and éomes into
contact with the aforementioned electrode during processing.
Thus configured, while avoiding a dischatge between the

10 workpiece and the conductive grindstone, the electrode
makes contact with the workpiece and can process the
workpiece byzdischarging.

An AE sensor or a contact detection means is provided
to detect a contact between the conductivg grindstone (2)

15 and the workpiece (1); with the contact detection méanq,ma
voltage is applied across the workpiece made of the
aforementioned conductive materiél and the above-mentioned
conductive grindstone, and a potential difference or
current variation due to the contact is detected. Thus

20 usihg the aforementioned contact detection means, the
aforementioned electrical processing means ié controlled by
an ON-QFF operation. Using this configuration, the
electrical processing means can be ON-OFF controlled in an
interlock with a contact between the conductive grindstone

25 (2) and the workpiece (1).

Other objects and advantages of the present invention

are described below referring to the attached drawings.



‘and processes the workpiece using the ELID method to | produce a free,
curved surface, through sinultaneous or 15 successive controlling of the

-three linear travel axes (X Y, Z) and one rotation axis ([err]).
According to this configuration, a sinple nunerical control node is
enabl ed using the nunerical control system (20) (for instance, a
personal conputer), thereby high- 20 aceuracy processing can be achieved.
The af.orenenti oned conductive grindstone (2) shoul d: be produced by
solidifying conductive powder and non-- conductive powder by sintering
orr metal plating. In this configuration, a conductive rotary grindstone
can easily be 25 manufactured in any of types of a circular disk,

eyl i nder, ball nose, etc. The above-nenti oned conductive
grindstone (2) is a rotating body with bottom surface, outer periphery,
and 8 edge portlons Al or
part of the portions are uB Wa DI Ok il IRAGDLIN The conducti ve
grindstone in this configuration can process t he morkplece into a

conpl i cated shape while rotating the conductive grindstone. 5

The aforemgntioned WOEkp{ e£e £ erled2G0TRBREErPL Riew of a desk-top 4-

axis apparatus for processing mirror surface according to’
the present‘invention.
Fig. 2 is the front view of the apparatus in Fig. 1.
Fig. 3 is the left side view of the apparatus in Fig.
10 1.

DESCRIPTION OF PREFERRED EMBODIMENTS

5 Embodiments of the present invention are .described
below referring to the drawings. In eaéh drawing,
identical portions are.symbolized using the same numbers,
"so a duplicate description is omitted here.
Fig. 1 is a generai_isometric view of a desk-top 4-
20 axis apparatus for processing m;rror surface accordihg to
the present invention, and Figs. 2 and 3 are front and left

side views thereof, fespectively.

In Figs. 1 to 3, the desk-top 4-axis apparatus for
processing mirror surface is provided with a 8 table 4, a
25 spindlg 6, a grindstone ﬁounting head 8, a twisf prevention
guide 10, a X * Z table 12, a Y table 14, and an electrical

processing means.

"A workpiece 1 to be processed by the desk-top 4-axis



‘conductive material, which is electrically insulated from t he
above-nenti oned conductive grindstone, and cones into contact with the
.af orenenti oned el ectrode during processing. Thus configured, while
avoi ding a discharge between the 10 workpi ece and the conductive
grindstone, the el ectrode makes contact with the workpiece and can

- process the wor kpi ece by di schar gi ng. An AE sensor or a
‘contact detection neans i s provi ded to detect a contact between the
conductive grindstone (2) 15 and the workpiece (1); with the contact
detection neans, a voltage is applied across the workpi ece made of the
af orementi oned conductive material and the above-nentioned conducti ve
gri ndst one, armtPREGFFUSHEPH PEPFRES BRE anigiror sugfiprenisvafomtingtadee t @ t he

contact | dete gt TS RLUSLED 106 SOTATRLLoted conLgl delaclon

nmeans, the of €ent 1 one ectTical §tted by —

an ON- OFF opergid QyemidondtictBirSsengfs rad0R, ukBE for ePd&&iddi@lor
processi ng neans can be ON-OFF controlled in an interlock wwth a
contact bet weetptinalc gieydcesyeoyr & ncenanied 2&rp2jeansded hin vabird phasrds (1) .
O her objects and a&van agis of the present_ invention are descri bed
bel ow refertingtto thE LPPhcHRE RFCGASSJRY this workplece 1 is a

9 conductive grindstone 2. The conductive grindstone 2 is a
rotating body'having bottom surface, outer periphery, and
edge portions. All or part of.these_portions grinds the
workpiece 1. This conductive grindstone 2 is manufactured

10 by solidifying conductive powder and non-conductive powder
by sintering or metal plating. The conductive rotary
grindstone 2 can béneasily manufactured in the shape of a
circular disk, cylinder, ball nose, etc., and while the
conductive grindstone 2 is being rotated, the workpiece 1

15 can be processed into a complicated shape._

The 8 table 4 is supported to be able to rotate by

cross roller bearings, and is driven and rotated in a
numerically controlled mode around the vertical B axis, by

means of a pulse motor 4a. The workpiece 1 is mounted on

20 the upper surface of this 6 table 4. 1In this embodiment;

the workpiece 1 is made from a conduqtive material (for
example, cemented carbide), and is electrically insulated
from the conductive grindstone 2.
The spindle 6 is mounted with the conductive
25 grindstone 2, and is driven .and rotated around the axis
thereof. The spindle 6 is driven by a power supply of, for
inétance, AC 100V, 50/60 Hz, thus the conductive grindstone

2 is rotated at a maximum speed of 20,000 rpm.



~ “BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1is a general isometric

view of a desk-top 4- axi s apparatus for processing mrror surface
.according to t he present invention. Fig. 2 is the front view
of the apparatus in Fig. 1. Fig. 3is the left side view of the
apparatus in Fig. 10 1. DESCRI PTI ON OF PREFERRED
EMBODI MENTS 15 Enbodi ments of the present .invention are described
bel ow referring to the drawings. In each awi ng, i dentical portions
are synbolized using the sane nunbers, so a duplicate description is
omtted here. “Fig. 1 is a general isonetric view of a desk-top 4-
20 axis apparatus for processing mirror surface according to ~ the
present invention, apnd Epgfdie @ndk ?pl%'\ﬂ.dcerdoﬂﬁtﬁngnl}@“ Z mouitffgVi ews

t her eof respectlvely InFigs. 1to 3, the desk top 4 axi s

e 25 opl e R Pe R hEh ot 1 madaRe el on & preverebae T
O easat ng i tded dBaater %d LAPHE Y dnaAN! ees'ee%ntord hg
surfaces 6a, 6b are configured so that the rotating shaft C
5  of the spindle can be detachably mounted in the 2 axis
direction parallel to the B axis and the Y-axis direction
horizontally orthogonal to the B axis. |

According to this configuration shown in Figs. 1 to 3,

the rotating shaft C of the spindle 6 can be set in the Y-

10 axis direction. Conversely, by simply reversing the X * 2

mounting surface 6a and the X * Y mounting surface 6b to

each other and mounting the surfaces to the grindstone
mounting head 8, the rotating shaft C of the spindle 6 can
be set in the Z—a#is direction. At this time,'the
conductive grindstone 2 should preferably be composed of
-either-cylindrical grindstone, cup grindstone, ball nose
_grindstone, etc. Consequently, the rotating shaft C of the
spindle 6 can cope with two directional revolutions; i.e.,
Y- and-Z—axis directions, of the grindstone, together with
20 reducing the size of the grindstone drive mechanism.

The tWist prevention guide 10 is composed of a
parallél 2-axis rod guide ;la for guiding the grindstone_
mounting head 8 inlthe X-axis direction, a double-end
supporting block 11b for supporting both ends of this 2-

25 axis rod guide lla, and a parallel 2-axis rod guide 1llc for
guiding the double-end supporting block 11b in the Z-axis
direction. The double-end supporting block 11b



‘A wor kpiece 1 to be processed by the desk-top 4-axis

10 apparatus for processing mrror surface is, for instance, a

.hard, brittle material such as fine ceram cs, optical glass, and

sem conductor single crystals used for electronic or opti cal devi ces,
or a cenmented carbide used in die parts 5 etc. The tool for processing
this workpiece 1 is a conductive grilzistone 2. The conductive
grindstone 2 is a rotating body having bottom surface, outer periphery,
and edge portions. Al or part of these portions grinds the

wor kpi ece 1. This conductive grindstone 2 is manufactured 10 by

sol i di fying QQ{&%BEXEeQOMiP@-diIPQQh%%QdB%EgYﬁ%ﬁgﬁ(‘gﬁg%%i%esbych%i ntering or

retal plating. The conductive rotary gri ndst e easily

manuf act ur ed paratllelskage of the 2 aMescuhak diskighylinger ,alhaWs rbse,
etc., and while the conductive grindstone 2 is being rotated, the

wor kpi ece 1 %ndéﬁﬁnﬂemﬁﬁﬁﬁb%%ébeq%t%t@ Espplycaeee Whayd down and  The

[err] table &o‘ e .pBRElt ?9359 vpf'\tflggl!o%v tr%sri% %%18 b?/?%%lqg(;er\gssc[ .

bearings, and 1s driven and rotated 1ha na S ol I ed node
around t hg veliistdhgBa2¥ufid e X adEdaxek.a pul se notor 4a. The workpi ece

1 is nmounted on 20 the upper surface of this [err] table 4. In this

enbodi nent, Using this configuration, the processing resistance
acting on the ‘grindstone 2 is borne by 2-axis rod guides
1lla, 11b via the grindstone mounting head 8, and the

_grindstone mounting head 8 can be prevented from twisting

10 around X and Z axes. Because the X ¢« Z table'iz provides a

numerical control operation in X~ and Z-axis directions,

the guide of the X * Z table 12 can be reduced in size

while suppressing a displacement of the grindstone mounting
head 8 small, therefore, X and Z axes can be numerically

15 controlled with high accuracy.

The X * Z table 12 is guided by a V groove and cross

rollers in X- and Y-axis directions. A pulse motor 12a
directly drives the grindstone mounting head 8 in the X~
axis direction in a numericai control mode. Another pulse
20 mbtor 12a, not illustrated, directly drives the grindstone
mounting head 8 in the X-axis direction. In addition, the
Y table 14 is guided in the Y-axis direction also by the V

groove and cross rollers, and a pulse motor l4a directly
drives the @ table 4 in the Y-axis direction, in a
. 25 numerical control mode. Otherwise, a numerical control

operation can also be carried out using a pulse motor in a

feedback -con.trol mode with a linear sensor replacing an



*the workpiece 1 is nade froma conductive material (for exanpl e,
-cenmented carbide), and is electrically insulated fromthe conductive

. grindstone 2. The spindle 6 is nounted with the conductive 25
grindstone 2, and is driven and rotated around the axis t hereof. The
spindle 6 is driven by a power supply of, for I nstance, AC 100V, 50/60
Hz, thus the conductive grindstone 2 1% rotated at a maxi mum speed of
20, 000 rpm" The spindle 6 is provided with an X
[err]. Z nmounti ng surface 6a parallel to the X-Z plane, and an X [err] Y
mount i ng urface 6b parallel to the X-Y plane. These nounting

surfaces 6a, ﬁrg ﬁg@{tgured so that the rotatlng shaft C 5 of the
spindl e can be et ac y mounted in the Z axis direction parallel to

the B axis and the duaxts thiLdonFigurathenj zerémlddenenithegorak to the B
axi s. According to this configuration showm in Figs. 1 to 3,.

the rotating grahdstone m¢mntanNhe§d6SGaﬁubb aetdeflgdtdovs, caf hais
direction. Conversely, by sinply-reversing the X [err] Z nount i ng
surface 6a andedneed t¥ avlow ileyelur fTheeeBbre cby meaachfokherz argblwsunt i ng
the surfaces to the grindstone ~ nounting head 8, the rotating shaft C of
t he spindl é 61@aand Y table 14, the workpiece 1 and the tool 2 are moved

relative to each other, thus a 3-axis NC control operation
can be performed precisely. Furthermore, because the Y

table 14 can process the workpiece through a range of the

. diameter of the 6 table by a stroke of the radius thereof.

10 That is, the operating stroke can be reduced to one half,
and protrusions of pulse motor 14a etc. can be prevented.
Identification number 9 represents a transparent cover
showing the entire unit or a partial unit, and covers the
desk-top 4-axis apparatus for processing mirror surface,

15 through which anyone can see the interior during operafibh.
- The electrical processing means electrically
processes the electrode 22 and/or the workpiece 1. Such an
electrical processing operation includes electrolytic
dressing and discharge truing. The electrical processing

20 mnmeans is composed of a power source means 16 that supplies
positive (+) voltage to the grindstone 2 via a rotary
feeder (not illustrated), and neéative voltage to the
electrode 22, and a processing fluid feeding means 18 that
supplies a conductive proéessing fluid between the

25 grindstone 2 and the electrode 22. 'Thelelectrode 22 should
keep a predeterminéd spacing from the processing surfaée of
the grindstone 2. However, the electrode can also be

configured to temporarily come into contact with the



‘be set in the Z-axis direction. At this time, the 15 conductive grindstone

2 should preferably be conposed of ei ther cylindrical grindstone, cup
.grindstone, ball nose grindstone, etc. Consequently, the rotating shaft
C of the . spindle 6 can cope with two directional revolutions; i.e.,

Y- and Z-axis directions, of the grindstone, together with 20 reducing the
size of the grindstone drive nechanism 14 . " The twist prevention
gui de 10 is conposed of a - paral l el 2-axis rod guide 1la for guiding the
gri ndstone mounting head 8 in the X-axis direction, a double-end.
supporting block .11b for . supporting both ends of this 2- 25 axis rod guide
1la, and a parallel, 2-axis rod guide 1lilc for gui di ng the doubl e-end
supporting bISEknﬁﬁﬁPq?rthe Z-axis di rection. The doubl e-end supporting
bl ock 11b The above-mentioned configuration atfivate bﬂg@rporates a
built-in |linear bearing that guides the parallel rods of the 2 axes in
a straight |ietecttdlomsic hiressingr whdseotliee nelladttinegiech@adi8 to freely nove
up and down and - to left and right with | ow resistance, and prevents 5

twi sting arouRdeEHEC 2R andydressed under a (gamigatdiesscearAgtiiari &nd t he
processinds ' egh SLANFGe trufif ¢ Hle! BEeOELOMS A tehrlobalRAPooPY 2 axis rod.
intermittently to make contact. Therefore, the electrode
can be trued with high accuracy and processed by ELID'when
the workpiece is being processed, so that even a hard,
brittle material, cemented carbide etc. can be processed
10 highly accurately and efficiently, so the workpiece can be
- machined to a mirror surface with a mean roughness Ra of 10

nm or less.

The numerical control device 20 numerically controls

6 table 4, X * Z table 12 and Y table 14, and

15 simultaneously or successively controls three straight

travel axes X, Y, and Z and one revolutional axis 8,

thereby a free curved surface of the workpiece 1 is
proceésed by ELID. |
in addition, the cdnfiguration incorporates a contacf
20 detection means (nbt illustrated) having an AE sensbr for
detecting a contact between the conductive grindstone 2 and
the workpiece l, and using this contéct detection means,
the electrical processing means is controlled to turn the
process ON and OFF, so that interlocked by the contact
25 between the conductive grindstone 2 apd the workpiece 1,
the electrical processing means is also controlled for ON
and OFF. ' '

In the above-mentioned configuration according to the



*11la, 11b via the grindstone nounti ng head 8' and the gri ndstone
mounting head 8 can be prevented fromtw sting 10 around X and Z axes.

. Because the X [err] Z table 12 provides a nunerical control operation
fn X- and Z-axis directions, the guide of the X [err] Z table 12 can be:
reduced in size whi | e suppressing a di spl-acenent of the grindstone
nmounti ng head 8 small, therefore, X Z axes can be nunerically 15
controlled with high accuracy. The X Z table 12 is guided. by a Vv
groove and cross rollers in X- and Y-axis directions. A pulse notor
12a directly drives the grindstone nounting head .8 in the X- - axis

direction in a nunerical control node. Another pulse 20 notor _ 12a, not
illustrated, d%esEPtyiBVeREtoRnethf WoddPRES 15 Moved iony shdad thei X t he

Xoaxis directiyedoaddbtbon: ehdorizokebdbeadd | Al ditleaX axi

direction al so ve and CrosSs“ro nStor 14a

directly drg \aeravtehelhexr&na ab| & rbdti ohl3e a¥raxs st rxﬁé:xtﬁl%l 'p'laﬂe 25
nunerical control node. Oherw se, a nunerical control operation can

al'so be carriafy ae ¥SiNg tharld 99.MPhekefdré, the imdRARAGKiGANALOL JPde
with a linear sensor replacing an

13 open d Gphratus can be made small because no protru51on is
required in the X direction. In addition, since twisting
of the grindstone mounting head 8 around X and Z axes is
prevented by the twist prevention guide 10, displacement of

the head, such as runout, can be decreased, while guiding
10 the grindstone mounting head 8 in cooperation with the X -

Z table 12. Moreover, because the grindstone mounting head

8 is arrangea to have the rotating shaft C of the spindle 6

detachably mounted in Z- and Y-axis directions, the head

can cope with 2-directional revolutions of the grindstone
15 simply by removing and mouhting thé grigé;fbne mounting

head, hence the grindstone drivé mechanism can avoid

becoming complicated with a large structure.

Furthermore, because the.simply structured twist

prevention guide 10 prevents twisting around X and Z axes

20 and the X - Z table 12 perfofms a numerical control

operation in X- and Z-axis directions, displacement of the
grindstone mounting head can be reduced while X and Z axes
can be numerically controlled highly acéurately. In
‘addition, the rotating shaft C of the spindle 6 can cope

25 with revolutions of the grindstone in the two directions of

the Y and Z axes by simply reversing X * Z mounting surface

6a and X * Y mounting surface 6b to each other and mounting



+ Due to this configuration, displacenent of the - grindstone nounting head
8, such as deflection, can be - reduced to a |low level. Therefore by
. means of X [err] Z table 5 12 and Y table 14, the workpiece 1 and the tool
2 are noved relative to each other, thus a 3-axis NC control operation
can be perfornmed precisely. Furthernore, because the Y tabl e 14 can
.process the workpiece through a range of ;gkhe - dianmeter of the [err]
table by a stroke of the radius thereof. 10 That is, the operating stroke
can be reduced to oné half, and protrusions of pulse notor 14a etc. can
be prevented. I dentification nunber 9 represents a transparent cover
showi ng the entire unit or rtial unit, and cqvers the . desk-top

a
A4-axi s apparaf?@@f%ﬂ ﬁﬂeo§E§§FEg°ﬂ?r??ﬁn§&ﬂq F.815aPﬂrBB@h?V%HQﬁFQQﬁyone,
can see the !Hfﬁ%/q{e&‘égfi'%g\ QRA" BL! fe more omggyﬂ? eir?c%c?]dicta.l.lonl?rocess' ng

means el ectrica rocesses the electrode and/ or e wor kpi ece 1.

Such an ebeth ré xadt a1 d s g s oPey sdnd distblawdes teliealr edy the

dressing and di scharge truing. The electrical processing 20 neans is

conposed of a2@gemkedsddy dherdgrmers thatekegpiodes is elpesroiveed Hn ol t age

to the gripdstong 2 via a rotary: . fegder ggft iIFEStEatEd% and negative

vol tage to’t hEoRac %ﬁﬁnﬂﬁﬂ?ef2,aﬁﬂdl%. %éﬁ%_eﬁg £P§i §1PEEH %ﬁlwgﬁﬁk 18

t hat SUPPELREalt S UM UC KR eBBREE S| fifl Td 14 RBRER bBEeifRer 971 NAStONE

2 and the electrode 22. The el ectrode 22 shoul d keep a predeterm ned

spaci ng from hbehby quessiss] ysitriiadeopfELID prduesgeidpdehdne Rachdwiewer, the

el ectrode can al so be . configured to tenporarilg cone into contact with

t he the workpiece. Theréfore, even a hard, brittle material or
cemented carbide can be processed with high accuracy and

10 efficiency.

Hence, the desk~-top 4-axis apparatus for processing
mirror surfaqe according to the present invention can
reduce displacement of the mounting head to which a tool is
installed, such as deflection, can cope with two-

15 directional revolutions of the grindstone, één reduce the
installation area and can reduce the size of the equipment,
thereby can process even a hard, brittle material or
cemented carbide with high accuracy and efficiency, which
are excellent effects in practice.

20 Althbugh the present invention has been described
referring to several preferred embodiments, the scope of
rights included in the present invention should be
understood not to be limited only to these embodiments. To
the contrary, the scope of rights of the.present invention

25 must include all improvements, corrections, and similar

entities covered by the scope of the attached claims.



14 gri ndst one. The above-nentioned configuration activates

bot h el ectrolytic dressing where the electrode 22 is el ectrolyzed
.and dressed under a contactless condition, and 5 discharge truing for the

el ectrode 22 tenporarily or |ntern1ttently to make contact. Therefore,

t he el ectrode can be trued with high accuracy and processed by ELID

when the workpiece is being processed, so that even a hard, -~ brittle
material, cenmented carbide etc. can be processed 10 highly accurately and
efficiently, so the workpiece can be machined to a mrror surface with

a nmean roughness Ra of 10 nmor less. . The nunerical contro
device 20 nunerically controls [err] table 4, X [err}—Z«%able_12~§ﬂQ_X*_

table 14, and 15 S|nultaneously or successively controls th

travel axes X, Y, and Z and one r wgg@és&[err] mm Mﬂﬂ,ﬁ" ﬂzml
curved surface of the workpiece by ELI D.

addition, the configuration incorporates a contact 20 detectlon nmeans

(not illustrated) having an AE sensor for detecting a contact between

t he conductive gri ndstPoresX-do 4 -axiseapprrgiuesc £ot, pandesisimg mirrorcont act

det ecti on neans,
surface, comprising

a O.table (4) that mounts a workpiece (1) and drives

the workpiece to rotate around the vertical B axis thereof
in a numerical control mode,
a spindle (6) that mounts a conductive grindstone (2)
10 and drives the grindstone to rotate around the axis thereof,
a grindstone mounting head (8) that mounts the
rotating shaft C of the spindle in a detachable manner in
the Z-axis direction parallel to the B-axis and Y-axis
direction horizontally orthogonal to the B axis,
15 " a twist prevention guide (10) for preventing the
‘grindstone mounting head from being twisted around X and Z

axes,

an X * Z table (12) that directly drives the

grindstone. mounting head in X- and Z-axis directions in a

20 numerical control mode,

a Y table (14) that directly drives the & table in
the Y axis direction horizontally orthogonal to the X-Z
plane in a ngmerical control mode, and

an electrically proceésing means that electrical;y

25 processes an electrode and/or the workpiece.

2. The desk-top 4-axis apparatus for processing



<the electrical processing neans is controlled to turn the process ON
and OFF, so that interlocked by the contact 25 between the conductive

_grindstone 2 and the workpiece 1, the electrical processing neans is
al so controlled for ON and OFF. I n the above-nentioned
configuration according to the

present'_i nvention, the workpiece is novedi@nly in thﬁlmm "M‘mlﬂlm"ﬂ
across the horizontal plane, and the grindstone

-directions across the vertical plane _ by - the X [err] Z table 12.
‘Therefore, the installation area of t he apparatus can be nade. snal |
because no protrusion i red in X direction. . In addition
since twistinttrerg Fufﬁic%r??ﬁ‘gt H@Fh hedtpereito e K2afatyiskes is
prevented by theybW$bnPLgyveat e:11Q dlsplacenent of the head,
such as runou:pJiL gan end%creasggﬂ whi elguFdlng 10 the grindstone

nmounting head 8 in eopaﬁaraelneﬁmxﬂs trbe Huide (HdalimmtlZuikeseener,
because the grindstone mounting 8 is arranged to have the
rotating shaf (9réngstene %ﬁ??ﬁﬂ%gfﬁead (SdedBchBnl ¥ mprmidgactipn and Y-axis

directions,, the head can t revol utions of the
grindstone5 15 S|np?yd%9b}%ﬁ%Vfﬁgﬁﬁﬁﬁ%&ggngF oK hgﬂgrl SH@pﬁﬁgﬁting
' both ends of the said 2-axis rod guide, and

a-parallel 2-axis rod guide (llc) that guides the

double-end supporting block in the Z-axis direction.

10 3. The desk-top 4-axis apparatus for processing

mirror surface specified in Claim 1, wherein the said

spindle (6) comprises an X * Z mounting surface (6a)

parallel to the X-Z plane and an X * Y mounting surface

(6b) parallel to the X-Y plané, in which

5 the X ¢ Z mounting surface and the X * Y mounting

surface are disposed in such a manner that both surfaces
can be installed to the grindstone mounting head (8)

opposite to each other.

20 4. The desk-top 4-axis apparatus for pfocessing
mirror surface specified in Claim 1, wherein the said
electrically processing means comprises an electric power
source means (16) that supplies a positive voltage to the
grindstone via a rotating feeder and a negative voltage to

25 the eléctrode, and

a processing fluid feeding means (18) that feeds a

conductive processing fluid between the said grindstone and



: head, hence the grindstone drive nmechani smcan avoid. becom ng
conplicated with a large structure. Furt hernore, because the
_sinply structured tw st prevention guide 10 prevents tw sting around X
and Z axes 20 and the X [err] Z table 12 performs a nunerical control
operation in X- and Z-axis directions, displacenent of the grrndstone
smounting head can be reduced while X andlE axes can be numerical

controlled highly accurately. In addi ti on, rﬁmlm um,ﬂﬂiﬂlng of t he
spindle 6 can cope 25 with revol uti ons of the gr
directions of the Y and Z axes by sinply reversrng [&rrf Z*nnuntrng

surface @feé{¥kag[e¥ﬁ]wﬁﬁcgpuntrng surface 6b to each other and
.hounting 16 themon the

gri ndst one mount i ngctead &t radd tibepgdsd:éwsédmmlle tHei werkpibasai 54n can be
made nore congact I n addi tion, both electrolytic dressing and
di scharge tru ﬁgn@amr%essed é’chM’édsaiLﬁ ehectxndreeithks éneeeprbaeti s

el ectrolyzed jn conta SS _nmapn and Jin.t |at t t he el ectrode
makos  contBER, e UPARRSEES cEe ROt Pt PR a bRy PRer © ° high y
precisely §rugghffwiid DpraastRAL19hi | e machi ni ng t he wor kpi ece.
Therefore, even a hard, brittle material or cenented carbide can be _
processed with high accuracy and

5. The desk-top 4-axis apparatus for processing

mirror surface specified in Claim 1, comprising a numerical

control device (20) that numerically controls the 8 table,

10 X * Z table and Y table, wherein

a freely curved surface of the workpiece is processed
by an ELID method by simultaneously or successively

controlling three straight travel axes (X, Y, and 2) and

one revolutional axis (6).

15
6. The desk-top 4-axis apparatus for processing
mirror surface specified in Claim 1, wherein the said
conductive grindstone (2) is solidified from.conductive
powder and non-conductive powder by sintering or metal

20 plating.

7. The desk-top 4-axis apparatus for processing
mirror surface specified iﬁ Claim 1, wherein the said
conductive grindstone (2) comprises a rotating body with

25 Dbottom, outer periphery, and edge portions, in which
the workpiece is processed by all or a part of the

said portions.



10 efficiency. Hence, the desk-top 4-axis apparatus for

processi ng mrror surface according to the present invention can
-reduce di spl acenent of the.nmounting head to which a tool ‘is i nstall ed,
such as deflection, can cope with two- 15 directional revolutions of the
grindstone, can reduce the installation area and can reduce the size of
the equi pnent’, t hereby can process evgfn a hard, brittle material or

cemented carbide with high accuracy and efficiency, ar e excellent
effects in practice. 20 Al t hough the present J—mgﬁ"wﬂuu
descri bed referring to several preferred enbodi

rights included in the present invention should be understood not to be

Fimted only to these enbodi nents. To the-contrary, the scope of rights

of the present inveptiehe @SB, ifichide Bl LRL OKENEAIY SaCLECt] ONS)
of t

and simlar entities covere by the s ope Al ai ms
17 - mirror surface specMAH lif CLALMED, |$herein the salid A desk-top
4- aX|s apparatus for processing mrror 5 surface conpri sing
workpiece comprises a conductive material and is insulated
5 electrically from the said conductive grindstone and

contacts the said electrode during processing.

9.  The desk-top 4-axis apparatus for processing
mirror surface specified in Claim 1, comprising an AE
10 sensor for detecting contact befween the conductive
grindstone (2) and the workpiece (1), or a contact
detection means that applies a voltage across the said
workpiece comﬁrising a conductive material and the said
conductive grindstone and detects a voltage difference or
15 current variation caused by the contact, in'Which.m.'
the said electrical processing means is controlled to

turn ON and OFF by the said contact detection means.



-a [err] table (4) that nounts a workpiece (1) and drives - t he wor kpi ece
to rotate around the vertical B axis thereof in a nunerical control

. hode, a spindle (6) that nmounts a conductive grindstone (2) 10
and drives the grindstone to rotate around the axis thereof, a
‘grindstone nmounting head (8) that nounts .the rotating shaft C of the
spindle in a detachable manner in the Z-axis direction parallel to the
B-axis and Y-axis direction horizontally orthogonal to the B axis, 15
a twist prevention guide (10) for preventding the gri-ndst one nounting
head from being tw sted around X and Z axes, an X [err] Z
table (12) that directly drives the grindstone nounting head in X- and

Z-axis direct pg8g-rBpas- ZﬁIQUﬂ?PAﬁﬁ‘I‘US‘sO?bRObR@@ﬂ%ING MIRROR SUNFA@RI e (14)
that. directly drives the [err] table in the Y axis direction-

hori zontally orthogonal to the X-Z plane in a nunerical control node,
and ‘an electrically processiABSIRAIIS that electrically 25
processes an el ectrode and/ or. the workpi ece. 2. The desk-top
4-axi s apparatus for processing 1

8 mrror surfacg specified in daim1l, wherein the said tw st
prevention guide (18) ngﬁ}gsésmounts a WorﬁpﬁSFﬁlie?n% i ivsd §8Pde (1la)

that ui des the ri nds e nou t|n ead,(8) in the X axis dlrectlon
9 3 otatedgaroun the ver 1ca ax1§ zn numerlcai contro

mode. A spindle 6 mounts a conductive grindstone 2 and is
driven and rotated around the axial center. A grindstone
mounting head 8 can mount the iotéting shaft C of the
spindle in the Z axis direction and the Y-axis direction in
10 a detachable manner. A twist prevention guide 10 prevents .

the grindstone mounting head from being twisted around X
and Z axes. An X * Z table 12 directly drives the
grindstone mounting head in X- and Y-axis directions in a
_numerical control mode. A Y table 14 airectly drives the 6

15 Itable in the Y axis direction in a numerical control mode.
An electrically processing means electrically processes an
electrode and/or the workpiece. Thus, the tool mounting
head can be made less deflective, can respond to the two-
directional revolutions of the grindstone, can be installed

20 in a small installation area, can contact and process even
a hard, brittle material or cemented carbide with high

accuracy and efficiency.

FIGURE 1



:5 a doubl e-end supporting block (11b) that supports bot h ends of

the said 2-axis rod guide, and a parallel 2-axis rod guide (11c)
- that guides the doubl e-end supporting block in the Z-axis direction.
10 3. The desk-top 4-axis apparatus for processing mrror surface
specified in Claim1, wherein the said spindle (6) conprises an X [err]
Z nounting surface (6a) paral | el tqhage X-Z plane and an X Y nounting
surface (6b) parallel to the X-Y pl , in which 15 the X [err]
Z nmounting surface and the X Y nounting surface are disposed in such a
manner that both surfaces can be installed to the grindstone nounting
head (8) opposite to each other. Fi 0 4. The desk-top 4-axis
apparatus for processing mrror surPace specified in aim1l, wherein
the said el ectrically processing neans conprises .an el ectric power
source nmeans (16) that supplies a positive voltage to the gri ndstone

via a rotating feeder and a negative voltage to 25 the el ectrode, and
a processing fluid feeding neans (18) that feeds 40 conducéive

processing fluid between the swzq ghLDqs _gpj/zi
e
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-el ectrode, in which the el ectrode is processed while the

wor kpi ece is bei ng processed by the said el ectrode either in contact
_With the grindstone or not in contact therewith, or 5 otherw se
intermttently. - 5. The desk-top 4-axis apparatus for processing
mrror surface specified in Claim<31, conprising a numerical. control
device (20) that nunerically controls the [err] table, 10 X [err] Z table
and Y table, wherein - a freelyygyurved surface of the workpiece is
‘processed by an ELID nethod by sinmultaneously or succeéessively
controlling three straight travel axes (X Y, and Z) and one
revolutional axis ([err]). 15 - 6. The desk-top 4-axis apparatus
for processing mrror surface speFEicgj'zd in Cdaiml, wherein the said
conductive grindstone (2) is solidified from conductive powder and
non- conducti ve powder by sintering or netal 20 plating. 7. The
desk-top 4-axis apparatus for processing mrror surface specified in
Claim1, wherein the said conductive grindstone (2) Zonprises a
rotating body with 25 bottom outer periphery, and edgeaportions, in which
t he workpi ece is processed by all or a pFrt of the ai d _portions.
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20 8. The desk-top 4-axis apparatus for processing mrror
surface specified in Caim1, wherein the said wor kpi ece conprises a
‘conductive material and is insulated 5 electrically fromthe said
conductive grindstone and contacts the said el ectrode during

processi ng. 9. The desk-top 4-axis.apparatus for processing
mrror surface specified in daim1l, conprising an AE 10 sensor for
detecting contact between the conductlvg "~ grindstone (2) and the

wor kpi ece (1), or a contact detectlon neans t hat applies a voltage
across the said wor kpi ece conprising a conductive material and the said
conductive grindstone and detects a % ta difference or 15 current

vari ati on caused by the contact, the said electrical
processing neans is controlled to turn ON and OFF by the said contact
det ecti on neans. ' ' _
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