W RE- CUTTI NG ELECTROERCSI ON MACHI NI NG METHOD The present invention rel th
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-kpi ece across a cutting zone whi'T"é6Deing dlsiﬁ£ éfed

wor kpi ece transversely -to the axis therébb

re-cutting, a thin continuous wire or filanentary

tal ly of a thickness of 0.-05to 0.5 mm is continuously
supply side to a takeup side through a cutting zone

iece 15 is p03|t|oned and into which a cutting |iquid,
illed water or a'liquid mediumof dielectric and/or

lat ure, is supplied. The wire el ectrode is continuously

Nt |y between a pair of.guide nenbers to define a |inear or
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recisely in a predeterm ned nmachining relationship with the
sed axially thereby. An electrical machining current,
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material renoval proceeds, the workpiece is

weth a continuous wire electrode axially advanced to linearly
traverse the workpiece across a cutting zone while being dis-
placed relative to the workpiece transversely to the axis

thereof.

In electroerosion wire-cutting, a thin continuocus wire

or filamentary electrode, typically of a thickness of 0.05
to 0.5 mm, is cohtinuouSly-advancéd from a supply side to
a‘takeup side through a cutting zone in.which a workpiece
is pqsitioned and'intO'which a cutting liquid, typically dis-
tilled water or a liquid medium of dielectric and/or electro-
lytic nature, is suppIieg. The wire electrode is continuously
advn;ed conveniently betﬁeén a pair of .guide mémbers to define
a linear or straigﬁt and continuously traveling wire stretch
therebetween for positioning it precisély in a predetermined
machinihg relationship'wiih the wofkpiece traversed axially
thereby. An eledtrical.machining éurrent, advantageously

in the form of a succession of time-spaced and precisely ad-




to ¥hellinear traveling-wire stretch transversely to the axis thereof,
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the wire electrode.is effeeted typically by traction drive
rollers disposed at a location between the guide member on

the downstream side and the wire takeup means. A desired

tension is established in the travelihg_wire bridged between
the guide members typically by providing brake means at a
location between the guide member on the upstream side and
the wire supply means.

The path along which the workpiece ie displaced relative
to the linear traveling—wire stretch tfansversely to the axis
thereof is definedfempirically so that the resulting machined
with the desired pattern of cut.

The tolerance or difference

in size between the machined contour and the envelope line

|lof the passage of the machiniﬁg-wire electrode (adjacent to

the machined contour) is commonly called "overcut" and corre-

sponds to the size of the machining gap formed between the

the wire electrode is-effected typically by
rollers disposed at a | ocation between the guide nmenber on

| ocati on between the guide
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step W re-cuttfng process.

In this process, the first step 10 s used%iéjg;)

~ rough-cut a workpiece by displacing the wire elec- trode relative to the
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tour. The second step is used to renove the deviation
contour and the desired contour by displacing the 15
ve to the workpiece alongg.a path shifted in the plane
the first-step path by a finish-cut distance. In the
r distance together with the rough size path in the
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is used to rough-cut a workpiece by displacing the wire elec-

|

trode relative to the workpiece along a path corresponding

flto the desired contour but sized to yield a rough-cut contour.

The second step is used to remove the deviation between the
rpugﬁ-cut cdntour and thé desired contour by displ#éing the
wire electrodé nélative to the workpiécé alohg a path shifted
';n'the plane of displaceﬁent from the firSt-step path by a
finish-cut distance. In the p:ior art, this latter distance
together with the rough size path in the first éteﬁ has been
solely dé;erminedémpiricalxyz It has beenthe commoh.practice
in thé art to choosé.the finish-stép cut.size roughly equal
to thg overcut in the first, rough-cutting step.

Thé.present inventor has now discovered that in such

a two- or multi-step Qire—cutting operation a.certain problem

|arises due to pecdliar dynamic characteristics of the wire

electrode in electroerosivély cutting along the previously 
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on the—wre 15 el ectrode with respect to the ‘directiomn of
produces additionally a wire deflection force which tends to
electrode in a direction away fromthe work- piece contour.
ut and may give rise to ap _undue finishing inaccuracy. It hasw
t this additional 20 wre deflection force develops in spite
ble external tension applied to the linear wire stretch

cross the cutting zone and increases with the in-
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pressure of gaées producéd. and accordingly tends to force

the advancing wire électrode back or in the direction opposed
to the direction of advahée in ihe ordinary-or.rough—cutting
6peration. In fﬁe finish-cdtting step, fhe wire electrode
must be advéncing semi-tangehfiaizy along the rough-cut con-
tour and there develops an unbalance in the machining pressure-

on one and the other semi-circular surface sides on the wire

electrode with respect to the direction of advance, which

produces additionally a wire deflection force which tends

to force the wire electrode in a direction away from the work-
piece-contdur being finish-cut and may give rise to an undue

finishing inaccuracy. It has been found that.this additional

wire deflection force develops in spite of a considerable

external tension applied to the linear wire stretch. bridged and '§
traveling across the cutting zpne'and increases with the in- 2

crease in the thickness of the workpiece. Thus, when the

trajeétory of displacement of_the wire electrode in the finish-

ing step is a path simply shifted from that in the roughing
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met hod of el ectroerosively mﬁre#cutting a wor kpi ece 15 to forma aeszééé::}
contour therein with an increased precision and efficiency over the pri

art. Furthernore, the invention seeks to provide an inproved two- or

mul ti pl e- step el eéctroerosive wire-cutting nethod wherein the dependency of _
the 20  "cutting accuracy in the finishing step-on the t hi ckness of a

wor kpi ece is effectively overcone. These and other objectives are attained
i accordance with the present invention by a nethod of cutting a workpiece
to forma desired contour therein 25 with a continuous wire el ectrode
axi ally advanced to -6- linearly traverse the workpiece across a cutting
zone and al so displaced relative to the workpi ece transversely to the axi s
of the wire electrode, which nmethod conprises the steps of: (a)

el ectroerosively 5 stepughacdisianget fef imedk poegtalywhn | ®heef f ecting the
transverse rel ative disglacenent bet ween the wire el ectrode and the

wor kpi ece al ong a fi CORVHHHEQBRL $ARILACHhRRSLs, PR TR hFeEE ke dBE r ed

contour and defined 4@y wea%ﬁl&r{egugha%tsfﬁ@@t Wiskthg pribididn overcut a
in the workpiece; and (D) electroerosively finish-cutting the workpiece

while effecting the toabdwartsberaitatined. diThel peeiEnh bftthkecnitdie wire
el ectrode and the workpi ece al ong a secondfgredeternlned path shifted. by a

‘distance 15 d2fi nE4eStARdeamRy AVep By A Tdp EarspBAY fheR &Rt revshy
¢ wire trajectory in the finishing step so that the

ﬁachined contour in the workpieée is deviated 1érgely
from the desired contour.
The present invention therefore seéks to
10 - provide.an electroerosion method of wire-cutting
‘whereby a contour as precisely as desired and with a
requisite surface finish is formed in a workpiece:
The invention also seeks to provide.a.
method 6f electroerosively wire-cutting a workpiece
15 - to form a desired contour therein with an increased
precisidn and efficiency over the prior art.
Furthermore, the invention seeks to provide
an improved two~ or multiple-step electroerosive 
'wire-cutting method wherein the dependehcy of the
- 20 cutting accuracy in the finishing step on the
| | thickness of a workpiece is effectively overcome.
o - These and other objectives are attained in
accordance with thé present invention by-a methdd of
.cutting e workpiece to form a desired cdntdur therein

25 with a continuous wire electrode axially advanced to



orti onal

to the thickness of the workpiece, thereby generating a

fréMthe first predetermned path where n is 'a value essentiaily
sh-cut contour coinciding with the desired contour in the 20

workpi ece. These and ot her features and advantages 'of the present invention
wi |l becone nore readily apparent fromthe follow ng description of certain

enbodi nents of the principles thereof, reference 25 bei ng made to the
acconpanying drawing in which: FIG 1 is a schematic view essentially in
matically illustrating an apparatus for carryi ng out
FIG 2 is a planview diagrammatically

section di agram
t he met hod of the invention;
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illustrating a workpi ece prelimnaréry machined in a rough-cutting step and

5 to be secondarjly machined in a finish-cuttin
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cont i nuousl yt hrough a cutt-.ing'zone’dengid bet ween a pair of guide nmeans
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electrode and the workpiece along a first
predetermined path corresponding to the desired

contour and defined to generate a rough-cut contour

- with an overcut & in the workpiece; and (b)

electroerosively finish-cutting the workpiece while
effecting the_trahsverse relative displacement
between the wire electrode and the workpiece along a

second predetermined path shifted by a distance

.defined substantially by an expression: nxe uniformly

from the first predetermined path where n is a value

essentially proportional to the thickness of the

wbrkpiece, thereby generéting a finish-cut contour
coinciding'with the desired contour in the
workpiece;

These and other features and advantages of
the'preéent invention will become more readily
apparent ffom the following description of certain
embodiments of the principles thereof, reference
béing made to the accompanying drawihg in which:

PIG. 1 is a schematic view essentially in
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path to change'the direction of’ advance of the wire electrode 1 fromth

supply side 2 to t
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glecond not or

j ing zone defined betweeh a pair of guide means 4 and 5.

1} between the wire electrode 1 and the workpiece 6.

(L&
he cutting zone and fromthe latter 20 to the takeup
In the cutting zone, a machining liquid is supplied
(not shown) to flood the machining gap.forned between t-he
nd the workpiece 6. An EDM (el ectrical discharge

upply 11 has a pair “of output ternminals

cted to the wire electrode 1 and to the workpiece 6,

pply a succession of electrical nachining pul ses across
filled. wt b chi ni g c er,0si

SR Re by ksssab Re Er dsPpbPiad By eh o B OTEAS niEhYs
ngr tiia qh{,y@tia,y,s,t em for displacing the workpi.ece 6

re electrode 1 10 transversely to the axis thereof or
cl udesFacti 2 sts mopdan 8iéwribgeanmas iché lywoikivstiiret In@laong

9 for feeding the worktable 7 al ong the
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T i e

slxecelmhwexea frRRnAB6A] ey gui de nmeans 4 and 5 and at
es of the workpiece 6, respectively. The
FIG. 3 is an enlarged diagrammatic view of a portion

of the arrangement of FIG. 2.

Referring to FIG. 1, an.electrical-dischargg wire-cutting
arrangement includes a wire electrode 1 axially advanced from
a supply reel 2 to a takeup reel 3 continuouslythrough a cutt-
A
workpiece 6 is disposed in the cuttlng zone and traversed
by a linear stretch of the wire electrode 1 tightly bridged and_
continuously traveling across the guide means 4 and 5. Further
wire guide members 14 and 15 are provided in the wire travel
path -to change the direction of advance of the wire electrode 1
ffom the supply side 2 to the cutting zone and from the latter
to tge takeup side 3, respectively. '

‘In the ¢utting zone, a machining liquid is supplied
from nozzle means (nét shown) to flood.the macﬁining gap formed

An EDM

(electrical discharge machining) power supply 11 has a pair




vibrators 12 and 13 are energi zed by hi gh-frequency power supply freans (not
: ) of a frequency or frequencies not .l ower than 100 Hz and, preferably
en 1 and 50 kHz to inpart to the traveling wire 25 1 stretch
en the guide neans 4 and 5, vibrations of an anplitude between I" and
50 mcrons and, preferably between 1 and 10 microns. By virtue of the

vibrator arrangenent, any arc discharge or short- circuiting condition cany
i mmedi at el y upon 30 devel opnent, be extingui shed mechani cally and the

contact friction over the guide neans 4 and 5 can markedly be reduced.
Further, the renoval of machining products and gases produced in the
machi ni ng gap which tend to disturb +##e machining stability is facilitated

S with the rgsuhkphdaleraifRY JReb UGyl SomitbUES thiet h a

‘stabilityw thout_break of the wire electrode land with an increased
renoval rate. THE \#B?g&l%gni %\?dg t|°n‘5§?twe° ?‘gé‘e%enés’or both of the loca- tions

shown to the WesPeet&¥eliodEC 12p1Ya2dfrerespdnn 195 9doefrical) to the axi s
t her eof so t hataghintinguplisensgaaEsl the arachininpzap fhlledr eithan two nodes

and antingdes ge hQeREniry RIQYIAIEY LieddlRepbsfieky! FaYAld NY between the two
.gui de nenbers 4 and ?POS' honed at, ogpé;sme sidés wth respect to the

wor kpi ece 6. 1@pterial irep, 9iYﬁ§5ﬁ18ﬁ_ re preferably inparted at the two
| oca- tions shown, whicireawerkpiresi felqiaseuretpaounted tave awor kpi ece 6, to~
the wire el ectvard@abledr andntie diri®et syutew 805 \Esptabing hReaxi s thereof so

that they are unghikERSL18Re A the wire electrode 1

10 transversely_to the axis thereof or in an X-Y plane
includes a first motor 8 for feeding the worktable 7
along the X-axis and a second motor 9 for feeding the
worktable 7 along the Y-axis, the motors 8 and 9
being driven by electrical signals furnished by a

15 numerical controller 10. _

' - In addition or optionally, a pair of
vibrator units 12 and 13 are provided in contact with
or in close proximity to the wire electrode 1 between
the machining guide means 4 and 5 and at opposite'

20 - gides of the workpiece 6, fgspectively. The
vibrators 12 and 1% are energized by high-frequency:
power supply means (not shown) of a frequency or
frequencies not lower than 100 Hg and, preferably
between 1 and 50 kHz to impart to the traveling wire

25 1 stretch between the guide means 4 and 5, vibrations
of aniamplitude between 1 and 50 microns and, '
preferably between 1 and 10 microns. By virtue of
the vibrator arrangement, any arc discharge or short-
circuiting condition can, immediately upon

30 development, be extinguished

w



another to.create a conposite undul ating oscillatory notion 20 with
than two nodes and antinodes or |loops in the wire 1 traveling:between tNhe—+"
two guide nenbers 4 and 5 positioned at opposte sides with respect to the
wor kpiece and each gutside of each location at which the vibration is .
applied. By inpartifpg a vibration to the traveling wire el ectrode 25 1 at
one or preferably bpth sides of the workpi ec®6 through ...... e .

%30- whith it is pagsed in a traveling-wire el ectroerosion system it has
been found,that an jjnprovenent in the renoval rate is attained,.this being

especial ly noti ceablig, whe AARPLES SheOloMlieRh LN ShRESRALe, IPGRLNET

Thus, an intensifief i hg action appears to be generate e

cutting zone to faclila kates rpoMatkaf1ynBehidmrdepl Oduittiet Negref FOMAvAL 8f
chi ps and gases and}} of even nore inportance, a highly effect- ive

di spersive. producti jmaghising esofivetsdiapdhgaspss produded dut thngazbheing/erpt he
entire workpiece th clﬁgess i s, assuyed S favorabll}/ restraini nﬂ t he -
) ¥ 8

. 10 h
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wire electrode 1 4rayakh-thd'Felh1t Mhat! EBfady mALFh {rf3e 1 WOL bt 18GEa 61 chE
Vibrations inpartedjlat the two opposite locations with respect to tlhe

wor kpi ece 6 are prefletablyiof wdthéer drealkége offr theenigieesleaipivdehitaral bes
or the. periodic Vajjiation in arrglitude of a wave that is the
Ssuperinposition of {{if® dBFFEASeSpATifYAY RS si npl.e har moni ¢ waves of the

different frequencigs is prodUGeHatibdherl! ARkt M LReCLEHRIEs lne THbSa-
arrange- nent is adylantageous to facilitate and enhance the renoval

tions shown to the wire electrode 1 in a direction transverse
10. to the axis thereéf so that an undulating. oscillatory motion
.with more than_two nodes and antinodes or loops is provided
in the wire 1 traveling between the two guide members 4 and

5 pbsitioned-at opposité-sidgs with.resﬁeét to the workpiece
5,:' . _

15 B The vibrations-are preférably imparted'at the two loca-
tions shown, which are opposife with.respect to the workpiece.
é, to the wire electrode 1 each in a direction transverée_

t§ the axis thereof so that they'are superimposed upon one
anofher to create a compésite,undulating oscillatory motion

26 with mﬁre than two nodés and antinodes or loops iq the wire
1.tbaye;ing betweeh the two guide members 4 and 5 positioned
at qbposte éides with respect to the workpiece and each outside
of each location at which_tbe vibration 1s'applied.

By imparting a vibration to the traveiing wire electrode

25 {11 at one or preferably both sides of the workpiece & through




20 -of machining chips and other gap products while suppressing the
erature rise of the workpiece 6 being cut. The two vibration neans 12
éhU 13 are preferably in some cases positioned at their respective
| ogations so as to provide the respective vibrations in directions
ransvigrse 25 to each other, viz., for exanple, one in the direction of
X-axi sjland the other in the direction of Y-axis, the axes al ong whi-ch the -
wor kpi gce 6 is displaced relativl®to the travel- ing wire el ectrode 1 by
renmenti oned drive nmeans e.g. a nunerically controlled drive nmeans. 5
Each off the vibrator nmeans 12, 13 is preferably in cont- act with a guide
menber ||4midnf 0 theagkegtirodettavndngayike eadc et QGids@BRINRItem, OF @ sonic
or ultfasonic vibrator. Each vibrator neans nay. be a magnetostrictive or
pi ezoe eidi hias lvédmr doend e wnbimarovemdrt dmd the remevied catmected for
ener gi on with respective _resonant circuits gnot shown) each

connecf étf &GFB%‘"’('héhlirﬁc?ﬁ’Tﬂgnﬁs@%‘ﬁal,&yc‘a?fijfcﬁla%?s‘(‘?ﬁ VRBEPIATERN) i s

pref er goley JPLAYAAR enl B PRRS AL GRadinbhS ARRAT ALY Sinde@sifpqPNd tO the
machi niing gap condition to cause a paranmeter of the Vibrations to be 15
nodi $1 cbdmpingsmnsm tppé¢drss gapbstigneratddenvithe atwrtimgaasnel2 and 13 are

prefer arrahggd to be cool ed Ey a coolant fluid, Inthe use of the -
appar afji® ferdlhtrin APAGYEY Gdi BRFINEdy RRPMFFSuLIeT SO i &cfto the wite

el ect 1 §tlgh b aDink! Q1028 td¥ VSR ddie e iRethene g yiUaLor end of

each V|brator arrangenent conmes in contact wmth the wré 1 or by flowng in
contact'ﬂvdIaieberéxniypobdmnuﬂ@nvobrsuQnesstw&fuﬂschhegéﬁﬁﬂn the

cutting zone over the entire workpiece thickness is aseured,
10 'thus favorably réstfaining.the dischafges from being concentrat-
ed on a single point or regien'of the wire eiectrode 1 travers-
ing or traveling through the workpiece 6. |

The vibrations imparted at the two opp051te locations
lwith respect to the workpiece 6 are preferably of dlfferent
15 frequencies such that a beat or the. periodlc Varlatlon in
amplitude of a wave that is the superimp051tion of the corre-
sponding two 51mple harmonic waves of the different frequencies
'is produced in the traveling.wire eleetfode 1. This arrange-
ment.is advantageous te_facilitate and enhance the removal
20 of machining chips and etner gap:products while suppressing
the temperature rise.of'tﬁe workpieee s'being cut.

'The two vibration means 12 and 13 are preferabl& in
some cases positioned at their‘respective locations so as
to previde_the respective vibrations in directions transverse

25 to each other, viz., for example, one in the direction of




generated at the vibrating body-is sufficiently dissipated to avoid a

detrinental heating

desirable to keep the plane of the wire

of the wire electrode 1. 25 It is generall

vibration in coincidence with

the ditection of ‘adffance in the relative transverse displ.acenent of the

wor kpi ece 6 to the

xially traveling wire electrode 1. The wire-vibration

ary angenent descri b@ld can, as describ- ed beTbW, be advant ageousl y enpl oyed

iw a doubl e- or
finish- cutting,

mul

i -step electrical machining operation including a

reflorm ng or secondary-cutting step to which a workpiece 6

rough-cut in the pr¢ix-akpairandctihé i oxhest &p tre Sub¢eticadof of faxnisshthenaxes

machi ned surface co
probl em inherent to
difficult to maintai
finish-cutting oper

away fromthe previ

finish-cut devel ops
di scharges and the ¢
fhe gap region. Thi
fromthe directed pdg
devi at ed. 20

@peration conpri sing

present invention ig
formed therethrough.
drilling is first se
t hreaded t hr oughyphe

15

20

25

our with due precision and 10 - surface finish. The
alions ofeicht ton Workphecs folst biPliaced sradbativeptq the travel-

a desired cutting,.depth _precisel. nstant. ln the
1o, §57 TPaftidq Boaf B sPpER R kS0 0T acd B 18,
himé PLEGEN1GUboriid 08d drilvehReamy.kpi ece 6 being 15

at all tines due to a pressure caused by the machining
pconpoBath gdstie aripaationgernstid. Adchs rAnederaiy dni eont-
s force caus the wir to be bent and tonoveaway
et v Bh % GOt e PREF con 1 QT dBIR A LFGE SRS Saffd MHe e
A%efe@zﬁétmaaﬂwtia_ BkGS. soh1N8r 211 1@ abbAVEN1Ba Ve € ERM
roughi ng and finishing steps in accordance with the
vdesarobatkansAnay iblep eenagr@ thavring izestargiienge barteriba
At a predeterm ned.l ocation by nechanical or E

v imnetpe- 2Ghe BITEIOFE 2 Anfnid Bavebe) Stiesded

zation with respective resonant circuits (not shown) each

DM
lfqrsenergi-

connected across the machining gap.

A control system (not shown) is preferably provided,
in operation of thé apﬁaratus,'to respond to the maéhining
gap éonditioﬁlto éaﬁse-a parémeter of the vibrations to be
modified in reéponse to the gap sfaté. The vibrator means
12 énd 13 are prefgrably arrahged to be éooled by a coolant
lr1uia. | .

' In the use of the apparatus, the machining liquid\is
advantageouﬁly'supplied to the wire.electrodé 1 by flowing
through the location wheré.the vibrator end of éach vibrator
arrangement comes in contact wifh the wire 1 or-by flowing

in contact with the body of each vibrator so that the heat

' generated at the vibrating body is sufficiently dissipated

to avoid é detrimental heating of the wire electrode 1.

It is generally desirable to keep the plane of the wire




machi ni ng- 1 ifjqui d circula- tion unit (4wt shown)
machi ni ng |ifqui d through the nozzles into the region of the workpiece 6 so;;

bore 6a and the wire drive nechani sm (not shown)
fly advance the wire electrode 1 in the direction of

actuated’to
arrow and to
 fromthe supply reel 2 onto the takeup reel 3 via guides 14
re 6a and guides 5 and 15 under a predeternined tension. A
I's operated to supply t he

i's

t hat the ma¢hi ning gap is flooded uniformy therewi th. The EDM power supp

1l ‘is turne
gap between
effecting sy
mediumto rd
oper at-i on, t
“manner al red
-desired cont
whose out put
t he wor kt ab

the traveling wire electrode 1 and the workpiece 6,

ﬂ'%r%?i@vplqry cB18UEEERS RDu0fendOuir&d@ChT £ AlavRHE S 8% ?ﬁr OSE the
er eby

Ces Sk Y et e iran see rdies dhay esnbat e ithe hesridphieoeigh dohe i qui d
ove material fromthe workpiece 6. In the course of cutting
ey i at b Sreyebing ¥4rae$iesdroperated 15 to function in the

iy desgpl bmee-el&tae&%kem m‘éHEt&J&r%‘éé‘ g r,rgépcP”I%“Fg&? toa

pur 1's prog dvance 1 n the nunerica COﬂtFO

& Weabs, acree aapahtaagtotuely hénglioy¥e 1Pta0bsuS AN rInd 1 1di 80 ace
57 so that the wor kpi ece 6 20 carried thereby noves al ong

t he progranme

course of the

wire elec- t
t he position

rectilinearlj

10

15

20

)

el grdrhicaklmachieingd qﬂwaﬁ@wéln'phgdwg @ €ieidhrodetding,n the
rough-cutt - as seen fromFI G 2,

RRfeT
péu%thb-@u{?rﬁf %@egréfﬁﬁhagg Qﬁrt?ngasﬁerb tResEected g0 €CE 6

ong the shortest distance
finish the machined surface contour with due precision and

t he

surface finish. The problem inherent to this operation is
the'féct thaﬁ it is extremely_diffiéﬁlt fo maintain a desired
qutting depth precisely constant. In the finish—éutting opera-
tion, a forcé tending to force.the'wire electrode 1 away from
.the previouslj rougﬁ—cuﬁ contour in the-wérkpiece 6 being
finish;cut develops at all times due to a pressure caused
by the maéhining d;scharges_and the decomposed gases expanding
1h.fhe.machining 11qhid'in thé géb.region. This fbrce causes
the wire 1 to be bent and tomoveéway;jfom the directed\posi-
tion so_that the cutting depth may variably be deviated.
Refer}ing now to FIGS. 1 and 2, a tfaveliné-wire EDM
operation cémprising rough;ng.and finisﬂing steps in accordance
with'éhé present invention is déscribed. A workpiece & having
a étafting bore 6a formed therethrough at a predetermined
location by mechanical or EDM drilling is first set on the

worktable 7. The wire electrode 1 is threaded through the

feed displacenent, :
1He s sreéPg‘P?Ve'cf’Btf'ﬁ% E\%ﬁf’kf)‘? dfdeB a Markpiegs &ncing from

A



-14- a point on the programed rough-cutting contour,

| atter

seen ffromFl G "3,

_electrode and g is
overcut a Wen the
of/ t he machi ned or
of the path is sepg
outer edge of the (
After the above ro(

d

be forned with a fuf

i ne, by the succesg
smal l er than the pr
20 perfornmed at

amount of materi al

surface. In accorfdg
finishing step is g
t he roughing step

val ue, preferably,
of the workpiece 6
step. In

10

15

20

25

path as indicated by the arrows back to that point.
width L forned during this rough-contouring operation is,

then follow ng t
The cutting
as better 5
efined by 2 (r+g) where r is the radius of the wire
[ he machi ni ng gap spaci ng Ich may be equivalent to
Wire 1 returns to the initidl point, the core portion 61
rough-cut 10 wor kpi ece 6 surrounded by the inner edge
rated fromthe remai nder thereof 62 surrounding the
phdreartd andstiiel wiragirtive merginison{roit eHowo)y KR @6€uated
jhing step is 15 acconpl i shed, the workpiece 62 is to
‘f%eﬁfx%&f-y odvenge dEhe d'ril‘ﬂe‘b]ter? tI‘°d? ndiicathel diyrechdobrodken
i) 00 S s tt|n mndth 1 is general

=V| ous a{:‘h’t p‘\’/\n t&aﬂsﬁ d’ ﬁm‘? ﬁ‘esﬁu%"gl {859'£ °¢‘c§ﬁe¥%‘l ly.
htd1ediipere8Utd Vg gai&sarid Sef 4, abhy virkhsd dHNTVMRs 5 ang
enoval to finish the preV|oust machi ned cont our and

nt® widem ermrqﬁeésemnam\tensiqm A heactuntngel fmatih ¢irduhe-

t ed ot f th it th
bt hntt Todt ShEPRE (8 cperareis thriing 16: EB° maanig a' K

m%m:egﬁpou@{s &ﬁetmmspimr&bowh&o khe,d hﬁogiéyf

so that the depth 1 is renoved in the finis
so that the machining gap is flooded uniformly therewith.

ing
The
EDM power supply 11 is turned on to apply a succession of
electricel pulses_acrcss_the gap between the traveling wire
electrode 1 and the workpiece 6, thereby effecting successive
machining discharges between them through the liquid medium

to remove material from the'workpiece 6. In the course of
cufting operation, the vibrators 12 and 13 may be operated

to function in the manner already described

- A predetermined cutting path corresponding to a desired
contour is programmed in advance in the numerical controller-
i0 whose output 31gnals are applied to the drive motors 8

and 9 to displace the worktable 7 so that the workpiece 6
carried thereby moves along the programmed path relative to the
travel;ng wire electrodeil. In the course of the rough—cutt-
ing feed displacement, as seen from FIG. 2, the wire elec-
trode 1 moveS'relative to the_workpiece 6, first advancing
from the position of the preformed starting bore ég in- the

workpiece 6 rectilineariy along the shortest distance to

" drman




- other words, it is. essential in accordance with the principles of
present invention that the trajectory of the wire electrode 1 displaced
sversely relative to the workpiece 6 in the finishing step be shifted
he di stance not fromthe 35 trajectory of the wire el ectrode

di spl aced in tHhe -15- roughing step. The values a and n are defined in
conjunction with the radius of the wire electrode r to achieve the mﬁdths.;g
{err] and[err],. hence [err] in defining-the first programmed cutting path
to be traveled by 5 the center axis of the wire electrode 1 in the

roughi ng step. Then the contouring j-1e4q_d applied during the finishing step
by the nunerical controller 10 is,_as indicated by the broken line, an

enl arged feed® POEPReRP Hiret BECEIGANET oiPush-c Wb in&dEAnouruhiEReR i s 10 equal
ton, to theqllevimgissheclgttaaupethegpdniicated dyethoutaraowdi ch results from
L he, rgu]g_hi ng bﬁ&p'ﬁb&@ty\@binﬁPCQEEe&xﬁﬁh@ &mﬂh@créiml machi nit ng anfl i's
ere define e [ dj s r ough- contour at any
poi nt ther'eonéj‘%%tns 1.'}giné(; rtgﬁg&géa%%ggfﬁoé)\%%}ég%@&ngsbféhg%ee%géelr.lter axis of the
wire el ebtrodteatedsor HGr a8 Lkefined hy I(§+%fEé@Plr8d§.lsA§hW Il readily be
seen, it is hediical ¢ thepenckerdleotrode andzg if thhemasdhingng gap g, but

further on thg OlRek: RRmBER ARG BeSegditA188t LI 04freut AL Ure of machini ng

product s i n the e, AWING Wil g™l 1410 (R0 o IE0.Y) 53t 1 ons as descri bed

_ core portion 61 of the machined or rough-cut
10  workpiece 6 surrounded by the inner edge of the path
: - .is separated from the remainder thereof 62
surrounding the outer edge of the path and
constituting the rough-contoured workpiece.
. After the above roughing step is
15 . accomplished,. the workpie@e 62 is to be formed with a
further cut of a width or depth 1, indicated by the
broken line, by the succeeding finish-outting step.
The width 1 is generally smaller than the previous
out width I and the finishing step is generally.
20 . performed at a faster cutting rate and desirably with
' ) ?a minimum amount of material removdi to finish the
~previously machined contour and surface. 1In
accordance with the present invention, the cutting
path in the finishing step is shifted by a distance
25 ne from the cutting path in the roughing step where &
is the overcut in the roughing step and n is a value,
preferably, an integer, essentially proportional to
the thickness t of the workpiece 6 (FIG. 1) so that
the depth 1 is removed in the finishing step. -In
30. other words, it is essential in accordance with the
principles of the ﬁresent invention that the
‘trajectory of the wire electrode 1 displaced
transversely relative to the workpiece 6 in the
finishing step be shifted by the distance n® from the
35 trajectory of the wire electrode dispiaced in the



|_rrparted'to the wire electrode, *still further on the anpl i tude of the
vi brations. At any event, the overcut [err] can be determned in settinrg”
and 25  preparatory to, the roughing . -16- step. Exanple In detern1n|ng
the trajectory of 'a wire electrode 1 (e.g. a copper wire.of a dianmeter of
0. 2nm .and-heénce the programm 5 abl e path of a workpiece (e.g. carbon
steel) previously rough- cut with an overcut a and displaced relative to
t\be center axis of the wire electrode 1 in the finishing step, the values n
and [err]=na are set., for exanple, as follows: Wrkpiece thickness n
[err] [err] [err]. [err] [err] [err] [err]

[err] -17- It has been found that -for theqgarying val ues of the

wor kpi ece thickness, the thickness of the finish-cut layer is uniformy
constant, hence the firoughingitsteng piecvalwss aandamalayeh‘il@ﬁnedm ratio 5

of renoval rate in rou hing and finishin
é%n ughtlon w1€h the gaé us o§ the wire electrode r

| to achieve the widths 5 and 4, hence =+ 2 =+4in defining
- o _ | the fifst programmed cutting path to be traveled by
5  the center axis of the wire electrode 1 in the
roughing step. ‘Then the contouring feed applied
during the finishing step by the numerical controller
10 is, as indicated by the broken line, an enlarged
feed defined by the addition of the width 1, which is
10 - equal to n , to the previous rough-cutting path.

o The overcut @ which results from the
roughing step is a well-accepted term in electrical
machining and is here defined by the mipimum distance

'between the rough-cut contour at any point thereon
E 'i5 . - and the'path of ﬁisplaeement of the center axis of
| ~the wire electrode less the radius of the wire
electrode. As will readily be seen, it is ba81cally
dependent on the size of the machining gap g, but
further on the other gap parameters such as the
- f 20 nature of machining products in'the gap during wire-
. cutting and, when vibrations as described before are
_1mparted to the wire electrode, still further on “the
. amplitude of the v1brations. A% any event, the
overcut ¢ can be determined in setting, and.

25 . preparatory to, the roughing

[ A SR S e e e e e =



Cam——

‘shift [err]

-t oget her and

.step. There

depend on 't hg
the wire ele
trajectory of
nmeans 12 and
programed 1%

A he value [err] is deternined by paraneters of machining ‘pul ses, and
el and wor kpi ece materials and,
N

to this extent only, the value 1 may
se paraneters and materials. 10

13 herei nbefore described?®tn this case, no change in the

may .be requi i
m crons. 20
vi brati ons

the directio
W re-cutting
encountered i

wor kpi ece to
el ectrode ®hi

08S not exceed preferably 1 to 5 mcrons and at nost 10
step. The vibrators 12 and 13 are preferably coupl ed
riented so that the direction of the plane of the conposite
ch.result is maintained to-be essentially perpendicular to
of advance of the-w reExdradierode | in the 25 fi ni shing

5 't hus _provided an inproved %Iectrﬁﬁ{osion net ho

n desi FBAAEETOBINE hg REPKGAOEE, “twft & _
F]%J;Jr%%ggggxg%r;ég&tf a diddeRbMod 0.2mm) and n@REOHOGheOL St dnnDg @
Cib T pazhpsLdetwerkpime (i gkegboanskeed ) previously rough-

cut with an overcut a and displaced relative to the center axis
of the wire electro-de 1 in the finishing step, the values n and

¢=na are set, for example, as fo_llows:

Workpiece '

: n )
thickness
. 20™™® 1 a

40™M® 2 2q

go™® _ 4 : 4a

et b et b bemani i ma er -

The trajectory of
jtrode 1 in the finishing step may be shifted by [err] fromthe
the wire electrode in the roughing step by using the vibrator

f
-8 TR nge Thd e pfobl ens

final contour therein with a conti nuous wire 5

e

cutting path fromthe roughing step to the finishing stepaﬁ
ed when the anplitude of the vibrations which then defines the

1



arranged to be‘axially advanced to I'i nearl y traverse the workpi ece ac
cutting zone and al so displaced relative to the workpiece transversel
the axis of the wire electrode, said nethod 10 conprising the step
(a) electroerosively rough- cutting said workpiece while-effecting the
transverse- rel ati've di spl acenent between said wire electrode and said"
wor kpi ece' along a first predeterm ned path corresponding to said desired
nal contour and. 15 prescribed to generate a desired rough-cut contour
with an overcut [err] in said workpiece; and (h) electro- erosively
finish-cutting said rough-cut wor kpi ece whi | e7effecti ng the transverse
rel ative di splacenent between said wre el ect rode and sai d workpi ece al ong
20 a second predeterm ned pdtthbafiteand feprintdatdfen e prdeBer ni ned
path substantial ly unifaimebyobythe sostmeece tlefdkneds bythehehpslacisst of err ]

where n is a value SUbﬁiea&fih?ét{%uJ%rQMxi '1@“%11‘0%& %&d&%ﬁk@e%n@ the
wor kpi ece traversed byt

ctr ge eratl ng a
finish-cut contour coi anncuWiFﬁ g%ﬁ% gggl?ﬁde eirg\ﬂl n @1 ‘rgkpl ece.
2. ~ The net Bod deﬁ |rﬁ§l"ﬂq retai B rongbies r@nﬁ fsm@hmateigé‘«hen -19- 3.
The nmet hod defined in Q4ai nThe oral@kage M2 debermwinedsby cpariamstey edet er m ned

pat h is preprogramed ﬁébh%nﬁ]ﬂémﬂdlﬁ% elolr L FI N ea[nda%%l%%dmé{‘ééleaﬁsd“ ve
system for effecti ng saldd %ra&svers

is ex%ent only, the value 1 may depend on
these parameters and materlals. :

10 : ‘The traJectory of the wire electrode 1 in
the finishing step may be shifted by {=na from the
trajectory of the wire electrode in the roughing step
by using the vibrator means 12 and 13 hereinbefore

_ :f described. In this ease, no change in the programmed
. 15 - cutting path from the roughing step to the finishing

' -step may be required when the amplitude of the
vibrations which then defines the shift {=n& does not
‘exceed preferably 1 to 5 microns and at most 10

~microns. ' :

20 - . The vibrators-12 and 13 are preferably

' “coupled together and oriented so that the direction
of the plane of the composite vibrations which result
is maintained to be essentially perpendicular to the

. direction of advance of the wire electrode 1 in the
25  finishing step. N
There is thus provided an improved
electroerosion method of wire-cutting a desired
contour in a workpiece, which overcomes the problems
encountered in the prior art.

-



| ative di spl acement between said wire el ectrode and sai d workpi ece
cuting the step (a) on the basis of said desired contour and said
d overcut [err], and said second predeternlﬂgd,pa%h—rs‘ﬁféﬁfabranned

gL

i n—Said nuneri cal controller on the 10 basi s of sa| ter:m ned
"path and adding thereto information representing t r] for
~executing the step (b). 4. The net hod defin al

nn } or daim2, .

further conprising the Step of inparting vibrations 15 to said wire -

el ectrode transversely to the axis thereof in said cutting zone in step

 (b), the vibration bei ng of an anplitudggessentially equal to [err] thereby
I n effect shlftlng said first predet.erm ned path of the step (a) by the

di stance 20 ally [err] to produce in effect said second

predet erni ned patlh of .t he Asmephqd)ef sutting a wortkpipee Hid fdetizned in Caim

4, wherein said %@Bkkwdﬁnafl Yok cairi ORErdin @1 tHTRS koA dintous Onsre 6.

The method def | ned 9 01 @Bl OesabPhde i ned UREK AL ARy T AL o0 are

inparted to said ectro e 1n |s orlented so as to be
mai nt ai ned essent%"dlapﬁ-e‘beF%é’ﬁdP&ﬁ]ély F‘?)Vﬁ"r?é‘ dF? ePBRt O TAYG S e of the
wire el ectrode refmd woekpieceabdrowy lepeeteing zon@@Gnd7also A et hod of

el ectroerosively glhibBga oMkl 6L the Fapiacslagianededdenal teont our
thereln the axis of the wire electrode, said method -

10 comprising the steps of: (a) electroerosively rough- '
cutting saidiwérkpiece'while effecting the transverse
relative displacement between said wire electrode and
said workpiece along a first predetermined path
corresponding to said desired final contour and

1% ‘prescribed to generate a desired rough-cut contour

" with an ovércut &« in said workpiece; and (b) electro-

erosively finish-cutting said rough-cut workpiece
while effecting the transverse relative diéplacement
between said wire electrode and said workpiece along

20 a second predetermined path shifted from said first

' predefermined path substantially uniformly by a

distance defined by the product no where n is a
value substantially proportional to the thickness of
the workpiéce.fraversed by_the wire electrode,

25 thereby generating a finish-cut contour coinciding
with said desired contour in said workpiece.
2. The method defined in Claim 1 wherein n is
-an integer.

|
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with an axially* continuously renewed el ectrode wire 5 havi ng a
predeterm ned thickness wherein the electrode wire is axially advanced )
continuously from supply nmeans on to takeup nmeans throug e wor kpi ece

a cutting zone while the wor kpi ece is displaced relative.to the advancing
electrode\/\nretransversely 10 to the axis thereof, lﬁ MI
conprises. the steps of: (a) el ectroerosively rough- cuttl n l“m””m
Wai | e effecting the transverse relative di spl/acenent so that the ‘tréjettory
of the electrode wire closer to said desired final contour follows a first

15 .predeterni ned path spaced by an overcut ubstantial ly uniformy from:
a rough-cut contour desired in the workpiece; grlor to step (a),
det ermi ning said overcirt from HREhPAFIRE deRimed éﬁs 1oimpd erpil®idd2in step

(a) and determ ni ng safheredngsridFirst quiedebetmimedspatis iso be spaced
substantial l'y uni formp@efpﬁ»eg}med desd rrﬁ’ﬂef-ié@. ceﬁewnrerbxséodila%@nce
defined by an expressi.on (g+§.) & wff% #é AN i nt ege ve%
subsequent to step (a), roer 8EPVe i B s> (’fﬂ?t?%g 551”&{3 o] §h cut 25
wor kpi ece whi |l e eff ect#eﬂg ihe %8@&%9@%&5@ petygen, sald sfirgcehesfirode anht t he
trajectory of the el ecdgiddeorkpimcel fsrerexeousigl tthesstead (B) nad thent our
foll ows a second predesa%rim afdsamat hegﬂréaeéeefaimn&@mt @egf¥bgSubstantial Iy
uniformy spaced by a c{{ a@df o {]‘{ 0.3 \ﬁﬁ# eﬁt $ edet er m ned
path. 8. The er i rﬁ‘ed &°4 Fr‘hp & %T“H‘"l R¢¥hdS(a) and
(c), the axis of the SRRAPFPETRNEGI énl%aidl spreticalr eprliniodder oon FBewor kpi ece
al ong respecti ve 1fat hsbastisc ht agsdi ds fbsd B nirieabtaruinied opalhy aspacazd ngr om
thereto information representing the expression n&
for executing the step (b).
4. The method defined in Claim 1 or Claim 2,
further comprising the step of imparting vibrations
15 " to said wire electrode transversely to the axis
thereof in said cutting zone in step (b), the
vibration being of an amplitude essentially equal to
" n& thereby in effect shifting said first
predetermined path of the step (a) by the distance
20 'essentially n& to produce in effect said second
S predetermined path of the step (b).
U5 The method defined in Claim 4, wherein said
amplitude of vibrations is at most 10 microns.
6. The method defined in Claim 4 or Claim 5
25 where1n said vibrations are imparted to said wire
electrode in a plane which is oriented so as ta be
maintained essentially perpendicular to the direction
5 of advance of the wire electrode relative to said
' workpiece.

Rl X T




one anot her by said distance [err]. - 20A- 9. The met hod

dfibd in Claim7 wherein in steps (a) and (c), Wgrode
W Kg'f s displaced relative to the workpiece al ong Ive 5 t hs

whi ch: are substantially coincident with one another \ \ awa_
vibration is inparted to said electrode wire transv \\\\\\“ S

thereof at least in-said cutting zone, said vibrati el ng of an. anplitude-
substantially equal to said distance 10 [err], thereby permtting said
‘trajectory of the electrode wire to follow said second predeterm ned path

in step (b).. 10. "~ The nethod defiped in Caim9 wherein said

anpl i tude of vibration ranges between - and 50 15 m crons. 11. The

met hod defined iTn O aim? RAERY 9fi alegtagsroadveddeyiehinghe axis of the
el ectrode wire-iwridpsptacadronst af ideeital tthaanardagbeEsRIreng respecti ve
S paths which are GURSLAMAGhLY Galinhoeily WehlydS180croacaPplder and in
steps (a) apd ( vi brations’ are i fed to sald electrode wre
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sai d second predeterm ne a in step (c i
T - Telative to the advancing electrode wire transversely
10 to'the axis thereof, which method comprises the steps
of: (a)‘éleqtroerosively rough-cutting the workpiece
‘while effecting the transverse relative displacement
so that the trajectory of the electrode wire closer
to said desired final contour follows a first
15 predetermined path spaced by an overcut
substantially uniformly from a rough-cut contour
desired in the workpiece; (b) prior to step (a),
determining said overcut from machining conditions to
be employed in step (a) and determining said rough-
20 cut coﬁtour so as to be spaced substantially
uniformly from said desired final contour by a
_ distance defined by an expression (§f1)5& where n is
‘an integer; and (c) subsequent to step (a),
electroerosively finish-cutting said rough-cut
25 workpiece while effecting the transverse relative-
displacement so that the trajectory of the electrode
wire closer to said desired final contour follows a
second predetérmined path corresponding thereto and R ;
substantially unifofmly spaced by a distance EEE fron ' f
30 . said first predetermined path. '
8. . The method defined in Claim 7 wherein in
steps (a) and (c), the axis of the electrode wire is
-displaced relative to the workpiece along respective
paths which are substantially uniformly spaced from
35 ° one another by said distance nd\.



whi ch is spaced substantially untforimy by said distance [err] from
first predeterm ned path in 30 step (a). 12. A met hod of cut
workﬁ?éfb to forma desired contour therein with a contin

el ectrotde, -the-fret hod bei ng substantially as hereinbefore d
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g, The method defined in Claim 7 wherein in

‘steps (a) and -(¢), the axis of the electrode wire is

displaced relative to the workpiece along respective
paths which are substantially coincident with one
another and in step (c¢) a vibration is imparted to
said electrode wire transversely to the axis thereof
at least in said cutting zone, said vibratién being

-of an amplitude substantially equal to said distance

net, thereby permitting said trajectory of the
electrode wire to follow said second predetermined
path in step (b)..

10. 'The method defined in Claim 9 wherein said
émplitude of vibration ranges between 1 and 50
microns. '

1. The method defined in Claim 7 wherein in
steps (a) and (c) the axis of the electrode wire is
displaced relative to the workpiece along respective
paths which are substantially coincident with one
another and in steps (a) and (c) vibrations are
imparted to said electrode wire transversely to the
axis thereof at least in said cutting zone, the
vibration in step (c) being greater in amplitude than
the vibration in step (a) by a difference which is
substantially equal to said distance nol, therebdy
permitting said trajectory of the electrode wire to
follow said second predetermined path in-étep_(c)
which is spaced substantially uniformly by said
distance no from said first predetermined path in
step (a).

12. A method of cutting a workpiece to form a
desired contour therein with a continuous wire
electrode, the method being substantially as
hereinbeforé described with reference %o the
accompanying diagrammatic drawings.

This dooument 13 pot the anthentic text of the granted patent. It is a photocopy of a
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