43877- 037 El ectrical Discharge Machining Device and El ectri cal

Di scharge Machi ni ng Met hod Field of the Invention

The present invention relates to an electri cal di schar ge
machi ni ng devi ce which machi nes a workpi ece by el ¢B877cad7

di schar'ges, -and inparts a profile to the 5 wor kpi ece whi ch incl udes
strai ght |ine EkepemtecakhrRischarge Machining DevdcecgmdnEdecérdcatonnecti ng
to those straight DispbargenMpehining Methdk present invention
relates to an el ectrical discharge nmachi ning device for
contouring Field of ghecHeyenrtion od- shaped workpiece into a fine punch 10
having a bl ade portion which forns a cutting bl ade edge, a shank

portion which is GreaPEPSeRt cipéantiqn ixilates &@ an electrigcgpdn the bl ade

ortion, and.concave fillet portjon, whi¢h, ) connects .t he bl ade
Bortion and FHECBALER %%??+?i%g device éh%%ﬂﬂ&ﬁQﬁhﬂfsoﬁ WREkPAEERt PEN 15

FIG 8A 'llugiég gfcglS&f@ca££5éé¥”gkén¥¥géf%s\gﬂﬁ¥3file to the

5 workpiece which includes straight line segments and
curved line segments, e.g. connecting to those straight
lines. In particular, the present invention relates to
an electrical discharge machining device for contouring
a generally rod-shaped workpiece into a fine punch

10 having a blade portion which forms a cutting blade edge,
a shank portion which is greater in cross sectional area
than the blade portion, and concave fillet portion which
connects the blade portion and the shank portion.
Background of the Invention

15 FIG. 8A illustrates a standard round punch 1, which
may be used as a portion of a press die. Punch 1
includes a blade portion la, which forms a cutting edge,
a shank portion 1c, ﬁhich is larger in diameter than
blade portion la, and a concave fillet portion 15 which

20 connects the blade portion 1a and the shank portion 1lc.
FIG. 8B illustrates a punch 2, which includes a
square-shaped blade portion 2a, a shank 2¢c, and a fillet
portion 2b which connects the blaée portion 2a and the
shank 2c. These punches are fabricated by profile

25 grinding or non;contacting eiectrical discharge
machining. Electrical discharge machining is appropriate

for the precision forming of a hard workpiece into the



may be used as a portion of a press die. Punch 1 i ncludes a bl ade
portion la, which fornms a cutting edge, a shank portion 1c, which
is larger in dianeter than bl ade portion la, and a concave fillet.
portion | b mhlch 20 connects theshl ade portion la and the shank
portiof 1lc. FIG 8Billustrates a punch 2, which includes a

squar e- shapeguitide, Pledadiey e éhéﬁﬁ“&iéﬁéte%n@l%dhl etion 1a, or POrtion
2b whi ch coﬁﬁ%cts t he blégg portion 2a and t bb shank’2c. These

punches are fmbeitché goulyh @ 0fHdveing?The thlngﬂdlla_dlen ogtisanzgontacting
el ectrical discharge machi ning. Electrical discharge machining is

appropri ate In orderw tdefgbreciaticon fsmallndiametearddworkpance i nto
LQSing t he sﬂ®¢¢n@iEuhﬁigaﬁianﬁ1ﬁﬁﬁﬁﬁndﬂsglqae§-ih electrﬁnampgﬂghpahch 2,
having the thin blade portjion 2a. In order to fabricate a
smal P di anet&kS¢Rrgg dfaghine which generates electrical discharges
between a rotatable workpiece and a wire electrode
moving within a plane perpendicular to the rotating axis
of the workpiece along the circumference of a pulley.
Japan_Patent Publication 6-143040 discloses an
10 electrical discharge machine which, using a traveling
wire electrode, simultaneously makes a punch fillet
portion and blade portion. Referring to FIG. 7, we shall
now explain the electrical discharge machining apparatus
disclosed in this document.
15 A workpiece 3 is held vertically in a chuck 13,
which is attached to a head 12. The head 12 can move
within a horizontal X-Y plane, and can also move in the
Z-axis direction which is perpendicular to that plane. A
wire 4 is unwound from é supply bobbin 20, and is fed
20 upward by means of a guide roller 21. When the wire 4
reaches the bobbin 26, the bobbin 26 pulls the wire 4 as
it passes by guides 22, 23 and 24, and a guide roller
25. The guides 22, 23, and 24 and the guide rollers 21
and 25 are positioned on a plate part 11, which is
25 attached to a turntable 10. Each of the guides 22 and 24
has a V-shaped groove which guides the wire 4. A flat

edge surface having a profile which is complementary to

the convex shape of the punch fillet to be made is



Pat ent Publication 4-28486 di scl oses an el ectri cal 5 di schar ge
machi ne whi ch generates el ectrical discharges bet ween a rotatable
wor kpi ece and a wire el ectrode. noving within a plane .
perpendi cular to the rotating axis -3- of the workpi ece along the
circunferente of a puIIey Japan Patent Publication 6-143040
di scl oses anfoified in thkeguideabs di Bidaniee NRCthE4 Wi dbng! HHIG a
traveling wire el ectrode, sinmultaneously makes a punch fillet
portion and lekdgee pbithomns Sedklernintwidtls tian viheshhldmeter of thenow
explain the el ectrical discharge machining apparatus di sclosed in
this documenwirel%. The guide 23tk pfaioriGatad hetrain vaar tirsaillatiing a chuck
13, which is attached to a head 12. The head 12 can nove

wi thin a hor FASREARLXWYLH| ankighrveaanres tetanse, |suqfheas ceramicsZ- axi s

direction which is Ber pendj cul ar to that plane. wire 4is
unwodnd fronP% $apP }rBob'Bhﬂ whre ghd v%wlédtrwls betwpal gwhde @ of a

guide roller 21. en t reaches the bobbin 26, the
bobbi n 26 puPPé ?%2 ﬁFFEnﬁlﬁifY conforms; §o bhe KOYAL IRY S DT 23 and 24,
and a guide E n%able 10. Conductive feeders 27 and 28, which supply
current to the wire 4, are respectively arrayed between
the guide roller 21 and the guide 22 and between guide
10 24 and the guide roller 25.

In conventional electrical discharge machines of
this type, there is a gradual removal of only a
thickness of the workpiece surface which is smaller than
the wire electrode diameter, so material removal speed

15 is slow. | |

An object of the present invention is to provide an
electrical discharge machining device to fabricate
products having a profile which includes straight
portions and arced portions connecting the straight

20 portlons, for example punches which are a part of a
press dies, at a high material removal speed.

Other objects of the present invention will be
noted in the explanation which follows, and will be
apparent to practitioners of the art through

25 implementation of the invention.
Summary of the Invention
According to the present invention, an electrical

discharge machining device is provided which imparts to



25. The guides 22, 23, and 24 and the guide rollers 21 and 25 are
positioned on a plate part 11, which is 25 attached to a turntable
10. Each of the guides 22 and 24 has a V-shaped groove which
guides the wire 4. A flat ' edgegsurface having a profile which is
conpl effentary to t he convex shape of the punch fillet to be nade

S a workpiece a curved profile and a -straight profilkormed in the
guide 23. The wire 4 travels along this edge, which is smaller in

wi dt h t han t hendeatrefietoothatiecurved profiie,e the Hewrigid dercdadies Habri cated
froman insulating material with a high wear-resistance, such as
ceram cs Swire electxa@ehia ewifhefawmingt deniaeh wiriate formst ween gui des 22
and 23, essentially confornms to the rotating axis of a turntabl e
10. Conduct i 9envexsdehranngl iy tiee agialh digssition of the wimerent to the
wire 4, are respectively arrayed between the guide roller 21 and
t he auide ooeleqtEredercd %ﬁ}@%, a curved edge and a straight edge of

which are capable of fitting into the convex channel of
the wire electrode, a means for causing the Qire
electrode to travel along the curved edge and the
stfaight edge of the guide, and a power supply which

10 supplies power to a machining gap formed between the .
workpiece and the wire electrode.

Preferably, the‘guide is electrically conductive,
and power from the power supply is supplied to the wire
electrode through the conductive guide.

15 Furthermore, the guide and the wiré forming device
are preferably arrayed so as to travel linearly between
the intersection of the curved edge and the straight
edge of the wire forming dévice.

Furthermore, a means for preventing twisting of the

20 wire electrode is preferably provided between the guide
and the wire forming device.

According to the present invention, an electrical
discharge machining method for machining a workpiece by
electrical discharge and imparting to the workpiece a

25 curved profile and a straight profile connected to the
curved profile includes a step in which a concave
channel is formed in a wire electrode in the_axiél

direction thereof, a step in which a guide is provided,



10 24 and the guide roller 25. I n conventi onal

el ectrical discharge machi nes of this type, there is a gradua
renoval of only a t hi ckness of the workpiece surface which is
smal | er thanp the wire el ectrode. dianeter, so material renova
speed 15 s slow. : An obj ect of the present invention
is to provi dehanguide beingefeehedcaitli s charesd e dingleuneatt 418,
fabricate products having a profile which includes straight
portions andtar tbe porvednprobhbecandgatéersigla gidge éhich cqmrddtans, for
exanpl e punches which are a part of a press dies, at a high

mat eri al renmb@akhepeugdved edge, a step {nhehich)te scafcaves qhaasssit
invention wll be . noted in the explanation which follows, and
will be in thegwidzeecrlecbrpdacisttonesd w9 fie the qurmdledass

i pl ement ation of the invention. . Summary of the Invention
Accordi ng t o2PHeSEredeht PAgEnt 7BA, the wireteleetirode is caupestitm ge

machi ni ng qe¥E%%eESaRBS§igﬁg SQQSQ é g{t; éégp in which power is
supplied to a machining gap formed between the workpiece
and the wire electrode, and a step in which either the
WOrkpiecé or the guide is caused to move, one relative
10 to the other.
Brief Description of Figures
FIG. 1 is a schematic depiction of the electrical
discharge machine of the present invention.
FIG 2A is a is a schematic depiction of the wire
15 forming device depicted in FIG. 1.
FIG. 2B is a sectional diagram of a pair of forming
rollers as depicted in FIG. 2A.
FIG 3 is a perspective diagram of an intermediary
guide as depicted in FIG. 1.
20 FIG. 4A is a side view of the guide depicted in
FIG. 1.
FIG. 4B is a front view of the guide depicted in
FIG. 1.
FIGS. 5A, 5B, 5C, 5D, and 5E are sections of the
25 guide edge along section lines X-X in FIG. 4A.
FIG. 6 is a perspective drawing which illustrates
another embodiment of a guide according to the present

invention.



-4- a workpi ece a curved profile and a straight profile _
connected to that curved profile, the device includes a wire
el ectrode, a wire form ng device which forns a convex channel in-
the axial direction of the wire 5 -6- el ectrode, a guide, a curved edge
and a straight edge of _ whi ch are capable of fitting into the
convex channel ofFIG. 7 is atinemmarye dlaptamdsf =a cearemitfienadausi ng t he
Wre el ectrode to travel along the curved edge and the _
strai ght edgeleftrheajudiiecharge angpawiere supply which 10 suppl i es
power to a nachining gag formed between the ., workpiece and the
wire electrode. FIGS. 8A and 8Praxersghematine dapidy ionselodctthiecal |y
conducti ve, - and power fromthe power supply is supplied to the
wire punghetpr BBefPHReYgh t he conductive guide. 15
r nor h ui de d.the wire form ng devi ce
Furtge o e’PLegegreg Eggodiment of the Invention
An electrical discharge machine according to the
present invention as illustrated in FIG. 1 includes a
base 30, a column 31 which stands straight on top of the
base 30, and a head 32; which is rotatable around a
10 vertical axis attached to a column.31. A rod-shaped
workpiece 3 is held vertically in a chuck 33, which is
attached to head 32. The head 32 is able to move in a
horizontal plane X-Y, and to rotate about an axis W,
which is perpendicular to that plane. A stand 35, which
15 is attached to a table 34, is mounted on top of a base
30. A combination guide/electrode 60, in which is formed
with an edge having a profile which is complementary to
the concave form of the punch fillet to be formed, and
is attached to the stand 35 so as to present in a
20 direction perpendicular to the X-Y plane by means of an
electrically conductive holder 36. In the illustrated
embodiment, the workpiece 3 moves relafive to guide 60
in the X-Y plane, but guide 60 could also be moved
relative to workpiece 3 in the X-Y plane by driving
25 table 34.
Brass or copper wire 4, round in section and pulled

from wire storage reel 40, is fed to wire forming device .

50 through a pulley unit 41 and a guide roller 42. The



are preferably arrayed so as to travel linearly between t he

I ntersection of the curved edge and the straight _ edge of the wre
form ng devi ce. Furthernore, a neans for preventing tw sting
of the 20 . wire electrode is prefermbly provided between the guide

and the wire forning device. According to the present

i nvention, apuglegtunttl4l imparts ah Sapyaraerissehibvakd neetfoardef @n machi ni ng
a wor kpi ece by el ectrical discharge and inparting to the

wor kpi ece a the wire 4 cimvevder dfd |prevehta shackingss wfoftihec wigendcted to

t he curved profile includes a step in which a concave

channel is fbehWgennthewibley agritodkl iand Hhewigle forming degiicect i on
thereof, a step in which a guide is provided, -

- 5- 50t he guide being formed with a curved shape conpl ementary
to tpe curved profjle and Eo:?r%{r?éggetvfg esal\f“wchr}.c%oqnse%toséitioned on

the table 34, forms a concave channel in the axial
direction of the wire 4. As is shown in FIG. 2A, the
wire forming device 50 may include a pair of forming
rollers 53 and 54 which rotate synchronously with a

10 speed control motor. The wire 4 is fed from an intake
opening 51 through a guide roller 52, and passes between
a roller pair 53 and 54. The roller pair 53 and 54 form
a U-shape in the section of the wire 4 by cold rolling,
while at the same time feeding the wire 4 upward toward

15 an output hole 55. The wire travel spéed is controlled
by the rotation of the roller pair 53 and 54. As is best
shown in FIG. 2B, a convex portion 56 is formed along
the perimeter of the roller 54; while at the same time a
U-shaped concave channel 55, which complements the

20 concave portion 56, is formed..

The wire 4, which has been fed from wire forming

device 50, is transported to combination guide/electrpde
60 via an intermediate guide 43, which is mounted on the
stand 35. As illustrated_in FiG. 3, the intermediate

25 guide 43 which is made up of a pair of blocks 44 and 45,
is provided in order to prevent twisting of the wire 4
between the wire forming device 50 and the guide 60.

Protuberance 44a, which has approximately the same form



to the curved edge, a step in which the concave channel in the
wre electrode is caused to fit the curved edge 5 and strai ght
edge, and the wire electrode is caused to _ travel along the guide.
edge, a step in which power is -g-supplied to a machining gap fornmed
bet weert t he wor kpi ece and the wire electrode, and a step in which

ei ther the as concavasik@iee 55 ihequide 935 Gausedmbl BRVBio8Re rel ative
10 to the other. Brief Description of FIigures

FIG 1 is a4s¢henile slepilid igdmeoftinke plRcibdrédlce 45a, haviflgscharge
machi ne of the present invention. FIG2A is ais a schematic
depi cti on ofapproximaEtellp the sarfeorshayge des/ipzbtdm@imhed B8 EhG 1.
FIG 2B is a sectional diagramof a pair of formng rollers as
depicted in ¥Hdep/H4, is formed in HIa@k 4% Shecpsjecbfveldckgr am of an
I ntermedi ary guide as depicted in FIG 1. 20 FIG 4A
is a>side vidnd ofS tare enkingsiin eidh a way that Bl G-shaped gap is
formed by indentation 44a and protuberance 45a through
which the wire 4 can pass. Preferably, a material such
as titanium nitride, which increases wear resistance and
decreases sliding resisﬁance, is coated onto the
10 surfaces on which the wire 4 slides.
As shown in FIG. 4A, the guide 60 has an edge 61,
with a profile complementary to the punch fillet to be
formed, and an edge 62, which is connected to edge 61
and has a straight profile. The guide 60, intermediate
15 guide 43, and the pair of forming rollers 53 and 54 are
arrayed so as to travel linearly between the
intersection of edges 61 and 62 and the roller pair 53
and 54. Preferably, the guide 60 is provided in
proximity to the wire forming device 50, in order to
20 prevent twisting and_tQ reduce the sliding resistance of
the wire 4 between the guide 60 and the wire forming
device 50. As is best shown in FIG. 4B, the guide 60 is
formed as a thin plate. For example, when a wire
electrode having a diameter of 0.6 mm is used, the guide
25 60 may have a thickness of 0.3 mm. The guide 60.is
preferably made of a sintered alloy or hardened steel

material such as spring steel having good hardness and

conductivity. Since the wire 4 is fed by rotation of the



FIG 4B is a front view of the guide depicted in FIG 1

FIGS. 5A, 5B, 5C, 5D, and 5E are sections of the 25 gui de edge al ong
section lines X-Xin FIG 4A FIG 6 is a perspective o
drawi ng which illustrates anotdrer enbodi ment of a guide according
to the present i nventi on.

- 6- formingFrGlleri padr shidmamd M agitnofnet awvesdamnao

el ectrical discharge nachine. FIGS. 8A and 8B are schematic

depi cti ons oPPPR¥ excessive puhtingofdece orpethe wihre 4, arfeferred

Enbodi ment of the |nvention ) An el ectrical discharge nmachine

accor di ng t odigEortion of guideneOihvchrrdpreventedirated in FIG 1

[ des a ase, 30, colum 31 which stands straight on top of
!{Egl u As ?.s shown fn FIGS. 5A, 5B, 5C, 5D and SE,g the P

5 edge of the combined guide/electrode 60 has a cross
section which is complementary to the concave channel
formed on the wire 4, so that the wire 4 will be
reliably guided along the edge of the guide 60. At least
the edge of the guide 60, which fits inside the concave

10 channel in the wire 4, should be protected from wear
caused by electrical discharge during machining.

Furthermore, the wire 4 is fed to a tension
applying device 46, which applies an appropriate tension
to the wire 4 so that the traveling wire 4 will be

15 reliably guided along the edge of the guide 60. The
tension imparting device 46 comprises, for example, a
capstan and a pinch roller. Also, the wire 4, as it is
fed to a wire recovery device 49 such as a take up
roller or a bucket, may pass though multiple guide

20 rollers 47 and a pulley unit 48.

The eledtrical discharge machine includes,
moreover, a power supply 70, one terminal of which is
connected through the chuck 33 to the workpiece 3, and
the other terminal of which is connected through

25 mounting hardware 36 to the guide 60. During machining,
a stream of power pulses from a power supply 70 is
applied to the “machining gap,” i.e., between the

workpiece 3 and the guide 60 and between the workpiece 3



base ‘30, and a head 32, which is rotatable around a 10 ~vertical axis
.attached to a colum 31. A rod-shaped wor kpi ece 3 is held
vertically in a chuck 33, which is attached to head 32. The head -
32 is able to nove in a hori zamg-al plane X-Y, and to rotate about
an axis W which is perpendicular to that plane. A stand 35, which
15 | s antd acieeovitne & ,t athlide34t thenrsankedimg ofieleotbise
30. A conbination guide/electrode 60, in which is forned with an
edge havi ng flyidfhdwinghiaclhiigh cesplstaacear puth as water, ibe concave form
of the punch f|IIet to be fornmed, and Is attached to the stand 35
so as to presmnlied £o Xhe machigingcorpnipeppdati tal @eolothée X-Y pl ane by
means of an electrlcally conductive holder 36. In the illustrated
enbodi nent, f¥ReEERdS AR tél%@é’@ﬁ-@?&t apd te gemgweswachining i the X-Y
| ane, but gui de 6Q co d al so be relative to workpiece 3
Pn the X-Y gYaa?ﬁee'b rtlrtl FJanpsr, t n?‘e ﬁ&lﬁfié §8, which has a large,ss or

copper wire re_storage reel

40 s féd t dﬁﬁalguj sectg&%cggq re 2 functlonsfas am%eede

capable of feeding a large amount of power to the
traveling wire 4. Machining power is supplied to the
wire 4 in the immediéte vicinity of the machining gap

10 formed between the workpiece 3 and the wire 4, and
therefore when compared to the conventional electrical
discharge machine shown in FIG. 7, its power losses are
smaller. Either the workpiece 3 or the guide 60 is moved
relative to the other within the X-Y plane, and a

15 profile containing an arced portion and a straight
portion is imparted to the workpiece 3.

The guide 60 is not necessarily limitea to the
embodiment shown in FIG 4A. FIG. 6 illustrates another
embodiment of a guide 63, which is formed with an

20 opening 64 having which is essentially similar in
contour to the profile of the guide 63. Except for the
opening 64, the guide 63 is identical to the guide 60.
The long narrow edge 65 of the guide 63 will be
acceptable if it can resist the tension on the wire 4

25 and the electrical discharge voltage at the machining
gap, and maintains its profile. For example, when a wire
4 having a diameter of 0.6 mm is used, the edge of the

guide 64 will preferably have a width of about 0.4 - 1.0



50 through a pulley unit 41 and a guide roller 42. The

-7- pulley unit 41 inparts an appropriate braking force on

the wire 4 in order to prevent slackness of the wire 4 bet ween
the pulley unit 41 and the wire form ngigevice 50. 5

‘The wire form ng device 50, which is positioned on the table 34,
fornms a conceme Whm&nmﬁuppiyingzpowﬂr through theéi gaddeoB3otot hewi re 4. As
is showmn in FIG 2A, the wire formng device 50 may include a
pair of fornvige 4 as it travels alkxthqrmhes4dge of theageidgnéhorodsly with
a 10 speed control motor. The wire 4 is fed from an intake

openi ng 51 tHReRANAre Ay sforkpieneal Ipdssaovied: wedative to thea roller
pair 53 and 54 The roller, pair 53 and 54 form a U-shape in the
section of t#&9%i%% W%ﬁ‘b’éf% &%l 13 Rprtion 3a is fhusecut fremsife tine

feedéng t he V\;\érr}g 1eu§v§ard t owar d

The object of the present invenﬁion should not be
limited to exact implementations of the formé disclosed.
The fact that a number of improvements and variations
- are possible should be clear in light of the
10 explanations above. The above embodiments were selected
for the purpose of explaining the nature and practical
application of the invention. The scope of the invention

is to be defined in the appended claims.



15 an out put hole 55. The wire travel speed is controlled by

the rotation of the roller pair 53 and 54. As is best ~ shown in
FIG 2B, a convex portion 56 is forned al ong the perineter of the.
roller 54; while at the sane tine a -12- U- shaped concave channel 55,
whi ch conpl ements the 20 concave portion 56, is formed. _

The wire 4, which has been fed from wiglaife m ng ~ device 50, is
transported to conbination guide/electrode 60 via an internediate
gui de 43, which is nmounted on the stand 35. As illustrated in
FIG 3, the internediate 25 gui de 43 which is nade up of a pair of

bl ocks 44 and 45, 1. An eleptrpceli dédcharge deachingrehvich madlsines of the
wire 4 bet ween the wire form ng device 50 and the gui de 60.

Pr ot #oer ance MX¥PTKRHECR kiseappEsiraat digchavgeanand ocimparts a

|55 in_roller 53, is formed on bl ock
as C%ncave C%%Q%%d %rofgle and a straight profile connected to the

4 curved profile, the electrical discharge machine

5 comprises: |

6 a wire electrode;

7 a Wire forming device which forms a concave

8 channel in the axial direction of the wire electrode;

9 a guide having a straight edge and a curved edge formed
10 therein, wherein the straight edge, being complimentary
11 with the straight profile ﬁhich joins with the curved
12 profile, said straight edge and curved edge being sized
13 to fit into the concave channel of the wire electrode;
14 means for transporting the wire electrode
15 along the straight edge and the curved edge of the
16 ~ guide; and:

17 a power supply for supplying power to a machining
18 gap formed between the workpiece and the wire electrode.

1 2. The electricél discharge machine déviée

2 aécording to Claim 1, in which the guide is conductive,

3 and power from the power supply is fed to the wire

4 electrode through the guide.

1 : 3. The electrical discharge machine device

2 according to.claim 1, in which the guide and the wire

3 forming device are arrayed so that the wire electrode

4 travels linearly along the path defined by the curved

-

AN R



44, while at the same tine pr ot uberance 45a, having approxi mately

t he sane shape as protuberance 56 in roller 54, is formed in
bl ock 45. The pair of blocks 44 5 and 45 are conbined in such a way
that a U-shaped gap is formedidy indentati on 44a and protuberance
45a t hr ough which the wire 4 can pass. Preferably, a materi al
suchs edgé@s dnd atheinpirdighie edyal ehd thecasies Feamihngsdetvraoee and
decreases sliding resistance, i's coated onto the 10 surfaces on
which the wire 4 &!i dethe electrical dischargeowachinEl Gevdée t he gui de 60
" has an edge 61, . W th a profile conplementary to the punch fillet

to b2 acco¥dimedo aglkhian ledfarmdhervsoopriisingnmeanedfoy edge 61
and has a straight profile. The guide 60, internediate 15 gui de 43,
and 3he pai rPeeVeRk G EYIEias &3 thed wWeegedectrode mouskedyed so as to
travel linearly between the I.ntersection of edges 61 and 62 and
the %ol l er pegtwesn the guide apd dhe prigie fegming HdevdGrde 60 is provided
in proximty to the wire form device_ [0, i.n grder to 20
prevint twisting Snd (ERT RRRSEHHRAL GGG HEs Mechice gFvice

2 according to Claim 1, further comprising means for

3 rotating the workpiece.

1 6. A method of electrical discharge machining

2 while imparting in a workpiece a curved profile and a

3 linear profile connected to the curved profile using a

4 wire electrode, comprising:

5 : forming a concave channel in the axial

6 direction of the wire electrode;

7 providing a guide, having a curved edge which

8 is complementary to the curved profile, and a straight

9 edge connected to the curved profile;

10 fitting the concave channel of the wire

11 eleétrode to the curved edge and the straight edge, and

12 . causing the wire electrode to travel along the guide

13 edge;.

14 providing power to the machining gap formed

15 between the workpiece and the wire electrode, and;

16 moving either the workpiece or the guide relative to the

17 other.

* [+ L M S *



Lhe‘@ﬁré 4 between the guide 60 and the wire formng devi ce 50.

As is best shown in FIG 4B, the guide 60 is formed as a thin
pl ate. For exanple, when a wire el ectrode having a di aneter of
0.6 Mmis used, the guide 25 6Qigay have a thickness of 0.3 mm The
gui de 60 i S preferably made of a sintered alloy or hardened stee

mat eri al such as spring steel having good hardness and
conductivity. Since the wire 4 is fed by rotation of the
- 9- Sumimairyd Ng roller pair 53 and 54, it is not necessary to
apply excessive pulling force to the wire 4, and di stortion of
gui de 60 is thusAwm elegtedcal discharge machininsg séhewice wiBldlS. 5A, 5B, 5C,
5D and 5E, the 5 edge of the conbined guide/electrode 60 has a
Cross machigest rowowkptace sbyoapeéehrical ydigchirge arshvienpsirimel
formed on the wire 4, so that the wire 4 wll be
to the workpiece a curved profile and a straight profile
connected to the curved profile, includes a wire
electrode and a wire forming device, which forms a
concave channel in the axial direction of that wire
electrode. A conductive wire guide is providéd, on which
is formed a curved edge and a straight edge which
connects to that curved edge. The wire electrode is fit
onto the curved edge and the straight edge, and caused
to travel along the wire guide edge. The wire guide is
connected to the power supply, and also functions as a
feeder to feed power to the traveling wire electrode.
Preferably, the wire guide and wire guide forming device
are arrayed so that the wire guide travels a straight

line between the intersection of the curved edge with

the straight edge and the wire forming device.



reliably guided along the edge of the guide 60. At |east t he edge
of the guide 60, which fits inside the concave 10 channel in the
wire 4, should be protected from wear caused by electrica

di scharge duyring machi ni ng. Furthernore, the wire 4 is fed
to a tension appl yi ng device 46, which applies an appropriate

t ensi on to the wwre 4 so that #?Z traveling wire 4 wll be 15
reliably guided along the edge of the gutd 60 The t ensi on

i nparting device 46 conprises, for exanple, capstan and a pinch
roller. Also, the wire 4, as it is fed to-a wire recovery device
49 such as a take up roller or a bucket, may pass though nultiple
gui de 20 rollers 47 and a pulley unit 48. The

el ectrical  di scharge machi ne incl udes, nor eover, a power supply
70, one term nal Iﬂ:ph s connected through the chuck 33 to the
wor kpi ece 3, and e other term nal of which is connected through
25 " mounting hardware 36 to the guide 60. During machining, a

stream of power pul ses froma power supply 1U—T§"
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applied to the "machining gap,"” i.e., between the wor kpi ece 3 and
the gui de 60 and between the workpiece 3
-10- and the wire 4, while at the same tine a dielectric
fluid having a high resistance, such as water, is supplied to the
machi ni'ng gap in order to cool the 2 el ectrode and the workpi ece
and to renove nachini ng 5 wast e. /K this. manner, the guide 60, which
has a | arge contact surface with the wire 4, functions as a
f eeder capabl e of feeding a | arge anmount of power to the
traveling wire 4. Machining power is supplied to the wire 4in
the immediate vicinity of the machining gap 10 formed between the
wor kpi ece 3 and the wire 4, and t heref ore when conpared to the
conventional electrical . : di scharge nmachine shown in FIG 7, its
ower | osses are smal | e, EL{ he he wor kpi ece 3 or the guide 60
!Os' nmoved %'IFC! . Q.A P . )

FIG.2B
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relative to the other wwthin the X-Y plane, and a 15 profile

contai ning an arced portion and a straight portion is inparted to
t he wor kpi ece 3. - The guide 60 is not necessarily limted to
t he . - enbodi ment shown in FIG4A FIG 6 illustrates another

enbodi nent of a guide 63, which is formed4fth an 20 openi ng 64

havi ng which is essentially simlar in contour to the profile of
the guide 63. Except for the opening 64, the guide 63 is
identical to the guide 60. E‘Uﬁéon narrow edge 65 of the guide
63 wll be acceptable if if'c reshst the tension on the wire 4
25 and the electrical discharge voltage at the nmachining

gap, and maintains its profile. For exanple, when a wire 4 havi ng
a dianeter of 0.6 mmis used, the edge the 43 guide 64 will
preferably have a width of about 0.4 - -

4
45a 44
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mm Wil e supplying power through the guide 63 to the wire 4 as

it travels along the edge of the guide 63, and the square

col umar wor kpiece 3 is noved relative to the edge of the guide
64, a portion 3a is thus cut fromthe 5 wor kpi ece 3.

The object of the present invention should not be limted to
exact inplenentations of the forns disclogﬁp7 The fact that a
nunber of inprovenments and vari ations are possi bl e should
be clear in light of the 10 expl anati ons above. The above

enbodi nents were sel ected for the purpose of explaining the
nature and practi cal application of the invention. The scope of
the invention is to be defined in the appended cl ai ns.
-12- -Cl ai s
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1 1. An electrical discharge machi ne whi ch nmachi nes 2 a

wor kpi ece by electrical discharges and inparts a 3 curved profile
and a straight profile connected to the 4 curved profile, the
el ectrical discharge machine 5 conprises: 6 a
wire electrode; 7 a mnr form ng device which forns a
concave 8 channel in the axial d| gbtlon of the wire el ectrode; 9
a guide having a strai ght edge and a curved edge forned 10 t herei n,
wherein the straight edge, being coanpg?Cgar with the straight
profile which joins with the curved ¥éroflle said straight edge
and curved edge being sized 13 to fit into the concave channel of
the wire el ectrode; 14 means for transporting the wire
el ectrode 15 al ong the sér ai edge and the curved edge of the
16 gui de; and: 17 A § wer supply for supplying power to a
machi ning 18 gap forme t he Xwr kpi ece and the wire el ectrode.
1 2. The el e i cal |disc ge machi ne devi ce

v Y 3




2 “»« according to Caim1l, in which the guide is conductive, 3

and power fromthe power supply'is fed to the wire 4 el ectrode
through the guide. 1 ' 3. The el ectrical discharge nachi ne
device 2 . according to.claiml1, in which the guide and the wire 3
form g device are arrayed so that the wire electrode 4 travel s
linearly along the path defined by the c i ed

-13- 5 edge, and the straight edge’"and the wire form ng device. 1
4, The el ectrical discharge machi ne device 2 according to claim1,
further conprising neans for 3 preventing twi sting of the wire

el ectrode nounted 4 bet ween the guide and the wire form ng devi ce.
1 5. The el ectrical discharge nmachi ne device 2

according to Claim1l, further conprising neans for 3 rotating the
wor kpi ece. :

FIG.7
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1 .. 6. A nmethod of electrical discharge machining 2 whi | e
inparting in a workpiece a curved profile and a 3 linear profile
connected to.the curved profile using a 4 wire el ectrode,
conprising. 5 form ng a concave channel in the axial 6
direction of the wire electrode; 7 provi di ng a gui de,
havi ng a curved edge which 8 is cppplenmentary to the curved profile,
and a straight 9 edge connected to the curved profile; 10

fitting the concave channel of the wre 11 el ectrode to the curved
edge and the straight edge, and 12 causing the wire electrode to
travel along the guide 13 edge; 14 provi di ng power
to the machining gap forned 15 bet ween the workpi ece and the wire

el ectrode, and; 16 - novi ng either the workpiece or the guide relative
to the 17 ot her.

FIG.8A FIG.8B
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