
1                  EP 0 219 587 B1                   2 Description
merical controller or other computer which can be connected to an X-Y table
upon which the work- The present invention relates to electroerosion
piece is mounted. Of course, the head through machines.
which the electrode passes may be provedwith an Travelling-wire
electroerosion  machines, fre-   5   X-Y controller to dertermine this
path, if desired, as quency abbreviated TW-EDM  machines (in the         an
alternative or in addition. The later X-Y control- case of electric
discharge machining), are machine  ler may be used to controlledly incline
the electrode tools in which an elongated electrode is displaced  with a
predetermined or varying angles relative to ly continuously along a
generally rectilin-          the workpiece surfaces so that a tapered or
three- eat path along the length of the machining stretch of   10
dimensional cut contour may be formed in the work- the electrode between a
pair of wire guides from an             piece. electrode supply system to
an electrode takeup sys-        In the more common construction, the
workpiece tem.                                                is fed into
this electrode ath and, as a result, a cut The term "electroerosion" is
generically to    is formed in the workpiece so that it can be said that
describe electrical  machining using such an elec-  15   a cutting path is
formed through the workpiece trode and a machining liquid which is
introduced into    which is the path of the wire in the workpiece. Thus,
the region at which the electrode is juxtaposed with     there is a
relative displacement of the workpiece the workpiece, inter alia to sweep
the machining         and the electrode in a direction perpendicular or
zone free from machining detritus, i.e. material re-   transverse to the
travel direction of the wire. moved from the conductive workpiece.
20       A portion of the travelling wire will confront work- In EDM, the
machine liquid is generally a dielec-   piece material over the thickness
of the workpiece tric e.g. water of low conductivity and the machining  in
the region at which this material is to be eroded. is effected  by
impressing  discharge electrical       This zone of the workpiece at the
leading end of the pulses across the electrode and the workpiece so
kerf or machining slot formed by the wire is the ma- that discharges
develop in the gap between the    25   chining front and, depending upon
the direction in workpiece and the electrode to remove material at    which
the machining front is oriented with respect to least preferentially from
the workpiece.             the axis of the wire,  traveling-wire electrode
will There are other types of electroerosion which uti-    be considered to
have a machining face juxtaposed lise, for example, electrochemical
solubilization of     with the machining front and, in most electroerosion
workpiece charge machining (ECM) or a combina-    30     operations, the
apparatus will be provided with con- tion of electrochemical and discharge
machining    trol means for maintaining the gap between the ma- (ECDM) in
which the liquid can have a more conduc-   chining face and the machining
front substantially tive character.
constant. In practically all cases, the electrical energy uti-   it has now
been discovered that, when a nozzle lised in the machining process is
supplied to the   35   through which a travelling-wire electroerosion elec-
machining zone in the form of discrete electrical     trode passes is
biased floatingly against a surface pulses.
of the workpiece and is formed with a discharge The term "wire" is used
herein to describe the ma-  passage for the machining liquid which is
inclined in chining electrode and should also be understood to      the
diretion in which the electrode is fed into or out encompass elongated
members generally and thus   40   of the workpiece during the machining
operation, wires of various cross-sectional configurations as    there Is a
significantly enhanced stability of the ma- well as tapes, ribbons or the
like. The electrode, of  chining operation, with improved precision and
less couse, should be conductive and the thckness of     tendency toward
destabilization of the machining op- the electrode should be between 0.05
mm and 0.5     eration even where relatively large workpiece thick- mm.
45   nesses are subject to be encountered. In the published Europatant
application EP-A 0   Specifically, means is provided in conjunction 142
034, there is described a travelling-wire elec-  with such a nozzle for
continuously reorienting the troerosion machine with double-floating nozzle
as-   nozzle to maintain the aforementioned passage so semblies.
that it is directed in the electrode-feed direction and The floating-nozzle
assembly can serve to deliv-   50  specifically against the surfaces of the
electrode er the machining liquid to the machining zone and   which are
turned away from the machining front of can be traversed by the machining
electrode or wire  the workpiece. and in that system, the flow of the
machining liquid is  According to an embodiment of the present inven-
axial, i.e. parallel to the axial travel of the tool elec-  35  tion there
is provided an electroerosion machine trode
comprising  an  elongate electrode  supported in a The floating
fluid-delivery nozzles of that system  substantially linear machining
stretch between a are axially movable so that, for example, they may  pair
of guides located on opposite sides of a work- be urged toward engagement
with the workpiece to    piece site, a movable nozzle member through which
constrict the zone at which the liquid may flow away   said electrode
extends, said nozze  member being from the face with which this nozzle is
juxtaposed.   60   coupled to a source of machining liquid to provide a In
a traveling-wire electroerosion machine, the        stream of machining
liquid to a workpiece at a posi- path of the cut in the workpiece in a
direction sub-  tion where it is being eroded by the electrode, and
stantially perpendicular to the direction of move-   means for urging the
nozzle member towards the ment of the electrode along its travel path, is
cus-  workpiece, characterised in that said nozzle mem- tomarily determined
by a program controlled by a nu-   65    ber includes a flow discharge
passage having an ax- 2 
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axis of the electrode, and a forma-  wire emerges should be provided with
such a swivel- tion which is arranged to ride on the surface of the  ling
member having an inclined discharge passage. workpiece in a caster-like
manner to rotate the noz-  According to the invention, therefore, the elec-
zle member in accordance with any change in direc-  troerosion machine can
comprise a pair of fluid- tion of the displacement of the electrode
relative to   5   delivery assemblies disposed at pposite sides of a the
workpiece whereby to direct the stream so that  conductive workpiece and
adapted to define a a component thereof is maintained directed general-
straight-line travel path thereacross for a continu- ly in the direction of
movement of the electrode, rel-    ous machining electrode, also referred
to as a trav- ative to the workpiece.                              elling
wire or wire-like electrode, and to discharge a According to an alternative
embodiment the   10   machining fluid medium along the electrode into a
present invention there is further provided an elec-    cutting zone in the
workpiece. troerosion machine comprising: a travelling-wire         The
machine also will include drive means for ef- electrode, a pair of fluid
delivery assemblies mount-    fecting  relative displacement between the
assem- ed on opposite sides of a conductive workpiece to     blies and the
workpiece along a predetermined feed- guide the electrode along a straight
line there-  15   path to form  corresponding contour in the work- across
end for discharging a machining fluid medium    piece. along said electrode
and into a cutting zone in the       At least one of these assemblies can
comprise a workpiece; and drive means for effecting relative       hollow
base member formed with an inner fluid pas- displacement between said
assemblies and the work-      sage around the electrode for receiving the
machin- piece along a predetermined  path to form a cor-   20  ing uid
through fluid-inlet means, and a fluid-outlet responding contour in the
workpiece, at least one of   member suppoted by the base member and rotat-
said assemblies comporising: a hollow base member     able about the
electrode travel path. This outlet defining an inner fluid passage about
the elecrode    member is formed with a fluid discharge orifice tra- for
receiving the machining fluid through fluid inlet    versed by the
electrode and communicating with the means; and a nozzle member movably
supported by  25  fluid passage of the base member. said base member and
having a fluid discharge pas-      The axis of the discharge orifice is
inclined at the sage surrouding the electrode characterised in
aforementioned angle to the wire travel path and that the fluid discharge
passage has its axis inclined        means are provided to rotate the fluid
outlet member to the axis of the electrode and in that the nozzle    to
position the discharge orifice adjacent the cutting member includes
projection means cooperating with  30   zone so that it directs its outflow
against the afore- said workpiece to orientate the axis of the outlet
mentioned cutting front or behind the electrode with passage in response to
changes in the cutting direc-  respect to the direction in which the
electrode ad tion of said electrode so as to have a component in
vances through the workpiece to form the contour. the direction of a
cutting front of the electrode.    Means can also be provided to urge the
outlet mem- Swivel means, preferably in the form of at least  35  ber
against the corresponding face or the work- one ball, acting like a caster,
and which is offset  piece with which the respective assembly is juxta-
from this axis, can engage the workpiece and pref-  .    posed. erably can
ride in the kerf or slot to ensure that the  Electroerosion machines
embodying the inven- passage will always be trained against the machining
tion, will now be described, by way of example with front and into the
machining zone.             40  reference to the accompanying diagrammatic
draw- To allow free rotation of the nozzle so that it can  ings in which:
swivel in the manner described, the nozzle is pref- erably mounted by
bearings in its support and where    Fig. 1 is a diagrammatic side
elevational view of it is resiliently mounted in a floating manner, any  an
electroerosion machine illustrating principles of mounting springs can act
upon the nozzle via thrust  45  the present invention; bearings or the
like.                                  Fig. 2 is a detailed cross-section
of one of the According to a feature of the invention, the noz-  nozzle
assemblies in accordance with one embodi- zle structure formed with this
passage is rotatably  ment of the Invention; mounted on a tubular structure
through which the     Fig. 3 is an axial section illustrating another noz-
liquid is guided around a central sleeve traversed   50   zle assembly in
accordance with the principles of by the wire so that this directing
member, formed  this invention; and with the inclined passage, can ensure
the inclined    Fig. 4 is still another axial section showing an as- flow
of the machining liquid rather than an axial flow  sembly for discharging
machine fluid for a machine as is the case, for example, in the
aforementioned  as shown in Fig. 1. Europatent application.
55 Preferably, the angle inclined between the axis of   In Fig. 1 of the
drawing there is shown an eletro- the passage and the axis of the wire in
the direction   erosion machine, for example a TW-EDM machine, of flow of
the liquid can be between [err] and [err] and  for machining a cantilevered
workpiece 8 which is most preferably between [err] and 40.
connected by a bolt damp 11 and a support post 10 to The caster ball which
Is preferably used can be   60   a workpiece 9 capable of being driven
incrementally spring-loaded against the workpiece or can be com-   in two
mutually perpendicular directions by motors posed of an elastomenc or
elastic, or otherwise     9a and 9b and respective lead screws, one of
which frictional material and the nozzles above and below  has been shown
at 9c in Fig. 1, the motors being 



the workpiece can both be provided as swivelling    controlled by an NC
(numerical control) unit repre- members although at least the nozzle from
which the   65  senting any computer or programmable unit capable 3    5
EP O 219 587 B1                 6 of generating the desired cut contour in
the work-  damps a lug 31 of a supply conductor 30 from the piece.
EDM power supply to the brush 28. The other con- The tool post is
represented at 2 and rises from a  ductor from this power supply is affixed
to the damp base 1 upon which the table 9 is movably mounted in  11 and
hence completes the electrical circuit through the manner described and
carries, as has been   5   the workpiece 8. shown highly digrammatically, a
supply spool 13 of    The fluid outlet member in this nozzle is repre- the
travelling-wire electrode 3 which passes a ten-   sented at 35 and is
formed with an Inclined outlet sioning roller 14 and between a pair of
driven pinch   passage 41 communicating via a chamber 21 with an rollers
15, 16 whose drive can be coupled to the  inlet 45 in the hollow base
member and constituting drive of a pair of pinch rollers 25, 26 at the
takeup   10  fluid inlet means for the latter. side to maintian a
predetermined tension in the wire.  A coil spring 36 is braced against the
base 7 and A linear stretch of the travelling wire is estab-    bars upon a
washer 38 engaging a thrust bearing lished between a pair of guide rollers
23,23' and a    40 lying on one side of an annular flange of the out- wire
is deflected into this linear stretch by a deflec-   let member 35. Another
thrust bearing 40 on the low- tion roller 17.
15  er side of this flange is supported on another spring Over its linear
stretch, the wire passes through a  37 so that in effect the outlet member
35 floats ver- pair of nozzle assemblies straddling the workpiece  tically
while being biased by the dielectric fluid medi- and represented at 7 and
22, respectively, at least  um downwardly against the workpiece and being
one of these nozzle assemblies being provided with        free to rotate
within the base member 7. the swivel means illustrated in FIG. 2 although
pref-  20    To ensure that the passage 41 will always be erably both
nozzle assemblies are provided with   trained against the machining front F
and thus di- such swivel means (the upper nozzle assembly cor-   rect its
steam of liquid against the traveling wire at responding to FIG. 2 while
the lower nozzle assem-  an inclination with a force component in this
direc- bly corresponds to the structure of FIGS. 3 or 4).  tion, a caster
ball 42 is provided eccentrically with The principles described in the
aforementioned    25  respect to the axis of rotation of the member 35,
Europatent application, for urging at least the outlet  bears upon the
upper surface of the workpiece and member of each nozzle assembly in the
direction of  preferably rides in the slot machined therein and is the
workpiece surfaces 8a and 8b will, of course, al-  resiliently supported by
a coil spring 43 in the axial so be used. A roller 24 can seve to measure
the  direction. Naturally the diameter of the ball 42 utilization of the
wire electrode and can be used as   30  should be greater than the width
ofthe slot or kerf a control for the rate of feed thereof in the wire
machined n the workpiece. travel direction which is downwardly in FIG.1.
As can be seen from FIG. 2, therefore, during Referring now to FIG. 2, it
can be seen that the   the machhined operation which requires no specific
wire 3 passes through the workpiece 8 and forms a     description, the
machining liquid does not flow di- cut therein which is in the form of a
slot 8c lying be-  35  rectly axially along the wire but rather is always
di- hind the wire. The workpiece is fed in the direction  rected from
behind against the wire and braces the 46 which is perpendicular to the
wire travel direc-  wire hydraulically in the direction of the machining
ion as previously described and, because of the ki-  front F to prevent
oscillation of the wire during ma- netic energy of the machining operation
released in  chining operations even for large thickness work- the gap G
between the machining front F and the ma-  40   pieces and thereby Improve
the machining accura- chining surface S. of the wire, thre is tendency for
cy. the wire to bend away from the machining front as   In FIG. 3, the
lower nozzle assembly 22 is shown shown in dot-dash lines and hence for the
gap width  and can be seen to comprise a base member 47 into to be changed
which the liquid medium is fed through an Inlet which At lease part of the
Increased accuracy of the   45   has not been illustrated. A thrust bearing
50 rotat- machining operation is obtained, In accordance with  ably
supports the outlet member against the base the invention, by counteracting
the forces acting  member 47 and, of course, a spring suspension can upon
the wire away from the machining front F with  be provided here as well, or
some other floating ar- hudrodynamic and  hydrostatic forces in this direc-
rangement can be utilized. The member 48 sur- tion by training the flow of
the liquid medium against  50  rounds the tube 19b through which the wire
is fed as the wire in the direction of the machining front, i.e.  does the
outlet member 35 of FIG. 2 and is formed opposite to the arrow 46, at least
with a component  with an inclined passage 49 training the liquid not of
the velocity of flow of this liquid medium.   strictly axially along the
wire but always in the direc- In the construction shown in FIG. 2, the
upper  tion of the machining front as is clearly apparent nozzle assembly 7
comprises a hollow base member  55  from FIG. 3. The upper nozzle assembly
has not which is formed with a passage 7b through which the  been
illustrated here but only the obstruction 19 wire 3 passes into a chamber
7c supplied, if desired  against reverse flow of the liquid has been
indicat- with compressed air or some other fluid preventing  ed by
reference numeral. A diaphragm can be used backflow of the machining liquid
into this chamber  for this purposes although compressed air is pre-
through the wire guide opening 19 of the tube 19a tra-     60  ferred as
the reverse flow blocking medium. A simi- 



versed by the wire 3.                             lar blockage of reverse
flow through the tube 19B The chamber 7c receives a pair of rollers 18 and
can be ensured as well. 18a which position the wire, the roller 18 being
en-     The caster roller is here formed by the ball 51 gaged by a brush 28
in an electrically insulating     which is biased by a spring 53 against
the lower sur- sleeve 29 fitted into the base member 7. A bolt 32    65
face of the workpiece within the recess 52 in the    7                  EP
0 219 587 B1                 8 outlet member 48. The axial passage of tube
19B has  from the entrance to said flow discharge passage been represented
at 19' in FIG. 3.                 (41). FIG. 4 shows another lower nozzle
assembly 122     9. A machine according to any preceding claim in which the
outlet member 56 has the inclined pas-  characterised in that said passage
(41) has an axis sage 57 and a caster ball 59 in the manner previous-   5
inclined at an angle in the range of from 5 to [err] to ly described, and
is free to rotate via a thrust bear-  the axis of said electrode (3). ing
58 on the liquid supply member 55 through which  10. A machine according to
any preceding claim the tube 19B extends.
characterised by a second nozzle assembly (48) lo- In this embodiment, the
outlet from member 55 nar-  cated on an opposite side of the workpiece (8)
to the rows before opening into the chamber 57' which is  10
first-mentioned nozzle member (35), and being tra- upstream of the inclined
passage 57. Here again the  versed by said electrode (3), said second
nozzle outlet member swivels to follow the progress of the  member (48)
being coupled to a source of machining cut, keeping the liquid outflow
always directed   liquid to supply said machining liquid to the work-
against the side of the wire turned away from the  piece (8). machining
front F.                            15    11. A machine according to Claim
10 characterised in that said second nozzle member (48) defines a Claims
flow discharge passage (49) having an axis Inclined to the electrode (3),
and a formation (51) which is ar- 1. An electroerosion machine comprising
an elon-  ranged to ride on the surface of the workpiece (8) in gate
electrode (3) supported in a substantially linear  20   a caster-like
manner to turn the nozzle member as machining stretch between a pair of
guides located  the electrode progresses into the workpiece (8) so on
opposite sides of a workpiece site, a movable  that the stream of liquid
emerging from the passage nozzle member (35) through which said electrode
(3)  (49) has a component directed generally in the di- extends, said
nozzle member (35) being coupled to a  rection of displacement of the
electrode relative to source of machining liquid to provide a stream of  25
the workpiece (8). machining liquid to a workpiece (8) at a position    12.
A machine according to Claim 11, character- where it is being eroded by the
electrode (3), and  ised in that the or each said nozzle member (35, 48)
means for urging the nozzle member (35) towards   is floatingly supported
but is urged by the pressure the workpiece, characterised in that said
nozzle   of said machining liquid towards said workpiece (8). member (35)
includes a flow discharge passage (41)  30    13. An electroerosion machine
comprising: a trav- having an axis inclined to the axis of the electrode
elling-wire electrode (3), a pair of fluid delivery as- (3), and a
formation (42) which is arranged to ride  semblies (7, 22) mounted on
opposite sides of a con- on the surface of the workpiece (8) in a
caster-like  ductive workpiece (8) to guide the electrode along a manner to
rotate the nozzle member (35) in accor-  straight line thereacross and for
discharging a ma- dance with any change in direction of the displace-  35
chining fluid medium along said electrode (3) and into ment of the
electrode (3) relative to the workpiece  a cutting zone in the workpiece
(8); and drive means (8) whereby to direct the stream so that a compo-  for
effecting relative displacement between said as- nent thereof is maintained
directed generally in the  semblies (7, 22) and the workpiece (8) along a
prede- direction of movement of the electrode (3) relative   termined feed
path to form a corresponding contour to the workpiece (8).
40  in the workpiece (8), at least one of said assemblies 2. A machine
according to claim 1 characterised in  (7) comprising: a hollow base member
(34) defining that said nozzle (35) is rotatably mounted for rota-  an
inner fluid passage about the electrode (3) for tion about an axis
coinciding with the axis of said  receiving the machining fluid through
fluid inlet electrode (3).                                     means, and a
nozzle member (35) movably support- 3. A machine according to claim 1 or to
claim 2   45  ed by said base member (34) and having a fluid dis-
characterised in that said formation (42) comprises  charge passage (41)
surrounding the electrode (3) a roller located in a position offset from
the axis of  characterised in that the fluid discharge passage said
electrode.                                   (41) has its axis inclined to
the axis of the electrode 4. A machine according to claim 3 characterised
(3) and in that the nozzle member (35) includes pro- in that said roller
(42) is positioned and dimensioned   50  jecting means (44) cooperating
with said workpiece to engage partly in the cut in the workpiece pro-  (8)
to orientate the axis of the outlet passage (41) in duced by the electrode
(3).                       response to changes In the cutting direction of
said 5. A machine according to claim 3 or to claim 4,  electrode so as to
have a component in the direction characterised by means resiliently
mounting the roll-  of a cutting front of the electrode (3). er on the
nozzle (35) to urge the roller (42) towards  55  14. An electroerosion
machine according to Claim the workpiece.
13 characterised in that said projecting means (44) 6. A machine according
to any preceding claim   Includes a caster ball (44) adapted to ride along
a characterised by a thrust bearing supporting said  surface of said
workpiece (8). 



nozzle (35).                                         15. An electroerosion
machine according to claim 7. The machine according to claim 1 or to claim
2,  60  14, characterised by spring means (43) In said noz- characterised
in that said formation is a ball (44).  zle member (35) for resiliently
biasing said ball (44) 8. A machine according to any preceding claim
against said surface. characterised in that one said guide comprises a
16. An electroerosion machine according to claim tube (19) traversed by
said electrode (3) and extend-  15 characterised in that both of said
assemblies (7, ing Into the nozzle member (35) but lying spaced   65  22)
have a respective base member (34, 47) and 5    7                  EP 0 219
587 B1                 8 outlet member 48. The axial passage of tube 19B
has  from the entrance to said flow discharge passage been represented at
19 In FIG. 3.                  (41). FIG. 4 shows another lower nozzle
assembly 122     9. A machine according to any preceding claim in which the
outlet member 56 has the inclined pas-  characterised in that said passage
(41) has an axis sage 57 and a caster ball 59 in the manner previous-   5
inclined at an angle in the range of from 5 to [err] to ly described and is
free to rotate via a thrust bear-  the axis of said electrode (3). ing 58
on the liquid supply member 55 through which    10. A machine according to
any preceding claim the tube 19B extends.
characterised by a second nozzle assembly (48) lo- In this embodiment, the
outlet from member 55 nar-   cated on an opposite side of the workpiece (8)
to the rows before opening into the chamber 57' which is  10
first-mentioned nozzle member (35), and being tra- upstream of the inclined
passage 57. Here again the  versed by said electrode (3), said second
nozzle outlet member swivels to follow the progress of the  member (48)
being coupled to a source of machining cut, keeping the liquid outflow
always directed      liquid to supply said machining liquid to the work-
against the side of the wire turned away from the  piece (8). machining
front F.                             15     11. A machine according to
Claim 10 characterised in that said second nozzle member (48) defines a
Claims                                                flow discharge
passage (49) having an axis inclined to the electrode (3), and a formation
(51) which is ar- 1. An electroerosion machine comprising an elon-  ranged
to ride on the surface of the workplace (8) in gate electrode (3) supported
in a substantially linear  20   a caster-like manner to turn the nozzle
member as machining stretch between a pair of guides located      the
electrode progresses in  the workpiece (8) so on opposite sides of a
workpiece site, a movable   that the stream of liquid emerging from the
passage nozzle member (35) through which said electrode (3)     (49) has a
component directed generally in the di- extends said nozzle member (35)
being coupled to a   rection of displacement. of the electrode relative to
source of machining liquid to provide a stream of  25  the workpiece (8).
machining liquid to a workpiece (8) at a position      12. A machine
according to Claim 11, character- where it is being eroded by the electrode
(3), and  ised in that the or each said nozzle member (35, 48) means for
urging the nozzle member (35) towards    is floatingly supported but is
urged by the pressure the workpiece, characterised in that said nozzle
of said machining liquid towards said workpiece (8). member (35) includes a
flow discharge passage (41)  30     13. An electroerosion machine
comprising: a trav- having an aids inclined to the axis of the electrode
elling-wire electrode (3), a pair of fluid delivery as- (3), and a
formation (42) which is arranged to ride  semblies (7, 22) mounted on
opposite sides of a con- on the surface of the worpirece (8) in a
caster-like  ductive workpiece (8) to guide the electrode along a manner to
rotate the nozzle member (35) in accor-  straight line thereacross and for
discharging a ma- dance with any change in direction of the displace-   35
chining fluid medium along said electrode (3) and into ment of the
electrode (3) relative to the workpiece  a cutting zone in the workpiece
(8); and drive means (8) whereby to direct the stream so that a compo-  for
effecting relative displacement between said as- nent thereof is maintained
directed generally in the  semblies (7,22) and the workplace (8) along a
prede- direction of movement of the electrode (3) relative  termined feed
path to form a corresponding contour to the workplace (8).
40  in the workplece (8), at least one of said assemblies 2. A machine
according to claim 1 characterised in  (7) comprising: a hollow base member
(34) defining that said nozzle (35) is rotatably mounted for rota-  an
inner fluid passage about the electrode (3) for tion about an axis
coinciding with the axis of said  receiving the machining fluid through
fluid inlet electrode (3).                                     means, and a
nozzle member (35) movably support- 3. A machine according to claim 1 or to
claim 2   45   ed by said base member (34) and having a fluid dis-
characterised in that said formation (42) comprises  charge passage (41)
surrounding the electrode (3) a roller located in a position offset from
the axis of  characterised in that the fluid discharge passage said
electrode.                                    (41) has its axis inclined to
the axis of the electrode 4. A machine according to claim 3 characterised
(3) and in that the nozzle member (35) includes pro- in that said roller
(42) is positioned and dimensioned   50  jecting means (44) cooperating
with said workpiece to engage partly in the cut in the workpiece pro-
(8) to orientate the axis of the outlet passage (41) In duced by the
electrode (3).                        response to changes in the cuting
direction of said 5. A machine according to claim 3 or to claim 4,
electrode so as to have a component in the direction characterised by means
resiliently mounting the roli-  of a cutting front of the electrode (3). er
on the nozzle (35) to urge the roller (42) towards   55  14. An
electroerosion machine according to Claim 



the workpiece.                                     13 characterised in that
said projecting means (44) 6. A machine according to any preceding claim
includes a caster ball (44) adapted to ride along a characterised by a
thrust bearing supporting said  surface of said workpiece (8). nozzle (35).
15. An electroerosion machine according to claim 7. The machine according
to claim 1 or to claim 2,  60   14, characterised by spring means (43) in
said noz- characterised in that said formation is a bail (44).  zle member
(35) for resiliently biasing said ball (44) 8. A machine according to any
preceding claim    against said surface. characterised in that one said
guide comprises a     16. An electroerosion machine according to claim tube
(19) traversed by said electrode (3) and extend-  15 characterised in that
both of said assemblies (7, ing into the nozzle member (35) but lying
spaced   65  22) have a respective base member (34, 47) and 5    EP 0 219
587 B1                   10 nozzle member (35, 48) surrounding said
electrode   Fahrungen en von der Elekrade (3) durchseklesf  E (3).
Rohr (19) st, .das sich In die DOse (35) erstrckt 17. An electroerosion
machine according to any   .aber vom Eintrift des Str munaUtrfttkeals (41)
one of claims 13 to 16 characterised by a thrust       Ibastafl' t
' ,' ' bearing (50) rotatably supporting said nozzle mem-   5    .9.
Maschine nach einemn der vOrhga9h9hnden An- ber (48) on said base member
(47).                  spche, ,dadurb gennzeidinet, .daB der Kanal 18. An
electroerosion machine according to claim     ine Ahed   zur A         der
E-lk    ( 17 characterised  by spring means (36, 37) for float-
.unerelnemWihlvon. 545eeigt           -      -.. ingly supporting said
nozzle member (35) on said      10. Maischlie nach ehem  der vorhedeheden
base member (34) in an axial direction.    10   Anpr*ah, gekennzeicnst dumb
elte zweit D-i 1. An electroerosion machine according to any
senardnuni (48), die an oiner zur ergnan, one of claims 13 to 18
characterised in that the incli-   D.e. (35) t.t,    Salt  des Weak- nation
of the axis of the fluid passage (41) relative       t'cks" (8- legt. und
von.' der Ebemide (3) dub-: to the axis ofthe electrode (3) lies in the
range of  s.   itoei die- zt    e (48) mIt attain Ar- from [err] to [err].
Pantanspr.                                            11. Mchlnatech r
Anuc 10,ndaduhobnken -       j,, F      .ie .
zaichnat, daB -die z:Wale    e .(48) amn SOrS- *119 ,-  . t. .    __ine,
umf._nd'eine iarF  '    _      (9) mit alner zur Elers .(3) ,- pe Eekrd
(3), di. in elnem im weetic   inaa   20   getelgtn Aches .definirt und .eli
:Fomainr (51).: .ran BeablugsbSe hflltt .zwlcen .ehem  Paar .         uwas
die_ auf der Obrah  .des Werki         - ck FOhiungen geget let, die auf
eneegaeze              (8Q) gllrolnatg abau.   ainn, urn die DOies zu.: -
Slenk sier Wnekstshione   ageordtt sgind      drehen, .  hrnd 'die        .
in ddistWck oine bewec  DOe (35, dumb di 'die- Eltod:.           (8) eeir
so d  dsr aus dem Kana (49) ;,,a- (3) vedluft wobel die Dose (35)dmit aein
rbts-  25  tende F            ele  o         iwte: ha dl fler  vbunden let
und eien Awbeit.-    im wasenichen i Rctng der Vaefung -der - flOssgetstoi
zu einem Werlistck (8) an einer    .,Elektrode relatlv zum Warket4ck
(8,)gatet 1st.it Stale lIefr an der dbeses von der. Elektrda (3) -
1'2@ Maschine naich Anpruch11, dadumb eennt- aeragen. wird, und Mitel
zurnBaLg  der.             zichnet da8 di oder jade DOes (35, 48) achwlii-
DO.. (85) in Richtn zumn Westck, dadurch e- :o .3. mend gelagrt, jdochi vom
Druck, der' ArbatflOs-: ensnet da die  se (35) ainen Strmungs-   . sigat in
Rklc   zum Wewkstk (8) ba                at     - austrt_ anl (41), dessen
Achse zur Achse der        ist  ,           : d i(3) v e   nelgtst
soieeiteFomaton(42)          ,    13.   une    ym aufwelst, die-auf der
Obrlcedes ,WerkstOcks '    Laufdratlkrd  (3), zwei .auf eratggfgeret- (8)
gleltrollenartig ab~luft und die DOse (35)' ant-  35  ten Seiten eines
letiget nWaretcks. (8) anga-: sprechand jeder Anderun  der. Vedarungsdch-
.ordnte Abalt OssgkeltzOhralnhelten (7, 22), .b. lung der Ebletoder (3)
eilaiv zum Werk(t)ack (8)    dieode Elektrode auf einer  en   ber d  .Wrk-
verdrht, unm dadrch den Stom so zu rchtrn, daB      stdck ffhren und elie
.h         g    antlang elite Komponentea daMelben im wesenAichen In der
der Elektrode (3) und in aia Zerspanone Im Werk- Bewegungsrichtung der
i-3eidrode (3) relaurc zu    40  stOck (8) liefern; und anen Antieb zur
DurchfOh- Warkaick (8) gehalten wird.                        rung alter
relativen Varlagrung zwischen den ESn- 2. Maschine nach Anspruch  1,
auchet (7, 22) und dam Werkst ck (8)-langs aiter zeichnet, daB di DOse (35)
urn elite mit dFr  Aches  vorbeslimmnten Vorschubbahin unter Bidung  tiner
der E ,atode (3) zugammanfallende Ach s drehbar       echenden Kontur im
Werksthck (8), wobl we angeowitet ist.                 .              46
nlgstens eite der iinheltan (7) ua naBt aein hohbes 3. Maschine nach
Anspruch 1 oder 2, dadurch       Basi telI (84), das aien Innaen
FlOssigkletskanal gekennzeTchnet daB  die Formation (42) eine Ro3la   ur
die EGeotrode (3) zur Aufnahme der Arbeits),Os- umfaBt, di in daer zur
Achse deerlerodvr-    :sigkeit dumb  lOssigkeTsainblea bildet, und al-
sektten Positon angeord et ist.                     na von dem 3asisteil
(34) bawagich ghaltte Do- 4. Ulaschine nach Anspruch 3, dadurch gakeni-
50   se (35) mkcd it  adnen  l eagdel ttn i (41), der zticnetg daB die Role
(42) so posiioniert und      de Elekbrde (3)  umgibt dadurh  gekennzi c
hnet, messen Tst, daB sle teiiweise in den vn der EInktro  daB der
lOssgkeitsau3sfflttskanal (41) eZs  Achse de (3) arzeugken Schnitt im
WradstOcruintrlL        hat, de zur Achse der Elakrode (3) genigt don und 



5. Maschine nach Anspruch 3 oder 4. gakenn-       daB die  ose (35) ein mit
dem WerkstOck (8) zusam- zdichnet dumb Mitl, die dbe Role fe   andeen an
mer Awenw ndesvrpiden vorpiges Tell (44) aufwaistw Dese (35) haitem, ur die
RoAll (42) in Rlchtung zum  um die Achse des Austrittekanals (41) ausnfund
WarkstOck zu beaufechlagen.                         von Andarunget der
Zsrspanrichtung der Elektro- .     t M schine n   eenrgehargehnden An-
de so zu orientieren, daB sb elne Komponante In sprrche gekndie DO.e (35)
RIchtung alner Zersparont der Elekt2ode (3) hat a3b  Maschlende  nach An  4
60      14. Funkenerosionsmaschinhe nach Anspruch 13, 7.kMaschinet daO die
Fsrmo 1 2, dadurch           dadurch gekennzeichtet daB das vorspnngande
gekennzoicht   aB d  tgel (44)                      Til (44) onm  Gleitrolb
(44) aufweistc die langs ei- Mat.         nac .    u  3, c    c g     n
ner Oberafiche des Werkstlcks (8) abroilt 8. Maschinl t ach BinmeS~qIr4
orterwden An-         15. Funkenerosionsmaschinte nach Anspruch 14,
sprMche, d      gnOk  ruchnet, 3    elite der   65   gekaennzeichnet dumh
eine in der WDse (35) vorge- 6    11                 EP0219587 B1
12 sehane Fader (43), die die Kugel (44) federmd ge-   7- Machine salon la
revendicatlon 1 ou la reven- gen die Oberilohe beauflagM.
dcalion 2, caractris6e an ce quo le dispositif est 18.
Funkenerosionsmaschine nach Anspruch 15,     une bill@ (44). dadurch
gekennzeichnet, daB. bekde Einheiten (7,     8 - Machine selon l'une
queblonque dos revendi- 22) jewels sin die Elektrode (3) umgebands Basis
5   catlions pr6o6dents.caracteidse on ce quo le gui- tol (34, 47) und nlse
DWse (35, 48) auisei.        de comprend un tuibe (19) trvverse par
rllectroda 17. Funkenaroasibonnaschine nach eninet der An-  (3).at
selendant A rint~ieaur.de l'organe &.busa (35) sprOche 13-16,
gakennzeichnat durch sin A-aage      mais tant espace do l'etrh du , pse
(41) do (50), das die DOse (48) drehbar an dem Basisl      sote du courant
(47) aulnimmt.                                10     9- Machdne selon rune
quekonque des revendi- .I. 1&: Funkenarosion~smnaachina nach Anspruch :17,
can pr ide  carise ae qua b.pas gekennzelhnet.dutch Feden (36, 37), die
die'DOse    sage (41) a un axe inolne diurt angle se truant (35) an dam
Basatel '(34) :ini' Axlalrhun g schwim-  dans  I gamma de 5 a 45 par raort
A raxe. de mend abtOtzen.                  -'Mectrode(3). -19. ' Funkena
nerine nach einmn der An,  is        10- Machine salon:Fune quelcanque des
raevd1- sprOche 13-18, daduth ganeohne, da8. die         -calions
pOrc6dnts, caractlrisle par un second Neigung der Achads Flsas (41) re-
ensemble a busa (48) situ.. sur un cbt- oppoed de la -   tv zur Achs der
Elektrode(3)54obetrg   .        plce travlla m(8) par rapport A tlorgane &.
buse (35). menlironne' en premier, at itnt  spar 20  rdlectnrds (3), ce
second organ. A bus. (48) Otant U            Rredikaions
raccoirdi, & une source de kquid. d'usinage. 'pou J            .         .
s                           fournir ce liquide Ala plce travel6e9 (B). k
-       1 - Machine. A 6elotroosion comprenant une     -   11-Mheslon
lcation 10,ca M elecirod alongee (3) supportde dars une 6tandue   969 en co
quo le second organ., A buse (48) dsfinit a            d'usinage
substartiaelement linaire entre une paire  25   un passage (49) do soirdie
du courant ayant un axe gdequkes plackdsur des obtds oppods d'run empla,
Incined par rapport a reectiode (3) et .un disposi cement 'do plhce
traveilda, un organe mobile A buse  (51) qui est agencd pour circular sur
la surface. de la (35) a triaers lhquel s'Mend ottea Mo . d(3), .ot  . pice
trawalilde (8) A it mnre d'urie mu. orienta- V;   -       orano t buse (35)
etart raccot   A une source de    bla pour ai. tobumner frgone A buse a
mesur. que 5-           liquide d'uslrtaga Pour foutnir un courant do
'iquide.  30So    ecrod6 projresse dana'-a piAce travailde (8) do g
t une pice travaile (8) A un endroit ob    tll. sorbt qua Is courant du
liquide.sortant du pas- ella est en cours dhrosion par l'ectrode (3),
et'des  sage (49) a une composante didgde darts l'ansemble 'e
moyens pour pousser rorgano 't bus. (35) en dirc-  dans le sons du
ddplecement de 1'Metode par rap- z. tbnio  de la plces travalile,
caractdris  en ac qua            port A la plhce travale (8). e-,
cotorgane A buse(35) comprend un  _s (41)Cde   35     12 -M achine selon la
revendicatior 11, caractdrh- sorle du courant ayant un axe  clind sur rax
de.    se  on c quou l'rgaouachaquorgan abuss lc-           rilectrode (3),
et un dispositif (42) qui est agencd  (35,48) est supportl de martibre
flottante mals il eat ni            pour circular sur ia surfaoe de la
pieca travalide  poussa en direction de la plce travaelme (8) par la rk-
(8). A a maniere d'une mue orientable pour Wair.     pression du liquids
d'usinage. ih-           tourner l'orgne a buss (35) an c               40
13 - Machineo A 6croslon comprenant: une im-           avec tout changement
de direction du ddplcsn.tnt    icrode (3).en fi en ddplacement, une pair.
d'Cn- 'er           de reiectrode (3) par rapport A ia plice travaillee
sambles do foumiture do fluido'(7, 22) montes sur ier           (8),
dirgeant par ce moyen le courant de teile sorte  des cts opposes d'une
plece travaillee (8) con- -         .  qu'une composante de co dernier eat
tenue dieg6e,    ductrice pour guider l'dlectrode ie long d'une ligne leh
dans I'ensemble, dans le sans du mouvement do   45   droite A travers cotte
demiers et pour foumir un mi- na-l          l'electrodo (3) par rapport a
la plece A travaller (8).  lieu liqulde d'usinage Is long de ladite
6lectrode (3) et 05-             2 - Machine selon la revendication 1,
caractdr-   dans uns zone de coupe de la pieos travallle (8). et ei-
'asee on co que ia buss (35) est montee toumante       des moyens
dentralnement pour produire un depla- 30-           pour toumer autour d'un
axe colncidant'avec l'axe    cement relaW entre lesdits ensembles (7, 22)
et la de            de adite Miectrode (3).                        50
piece trwaillle (8) le long d'un chernin xdallmentation 



"t,              3 - Machine selon ia revendicatIon 1 ou la reven-
prjddtermin6 pour former un contour correspon- hse,           dicatlon 2,
caracterisao en co qua le dispostiff (42)  dent dans ia plece travaille6e
(8), au mains run des- Lind           comprend un galet situd A un endrolt
deport6 par    dits ensembles ( comprenant un organs de base DW-
rapport a roaxe de ladite Mactde.                   creux (34) d~finissant
un passage intdrieur de lu!i- Alt.            . 4 - Machine selon la
revendicatlion 3, caractdri-  55   do autour de l'dlectrode (3) pour la
reception du flui- und           see an co quo le galet (42) est dispoed et
dimension-  de d'usinage par l'ntermddiaire d'un mayan d'arri- *O_
ne pour s'engager partielement dans la coupe pro-   vee de fluide et un
orgarle A buss (35) supports de a in           duite dans la pibcs
travailla par lrlectrode (3).  maniere mobile par ledit organ. de base (34)
et 5 - Machine selon la revendication 3 ou la reven-  ayant un passage de
sortie de fluide (41) entourant 13,           dicatbon 4, caraclrisbe par
des moyens de monte-  60  I'lectrode (3), caractdrlsie en ca qua le passage
rnde           ge 1eastiques du galet sur la buss (35) pour pousser  de
sortie de fluide (41) a son axe incline sur l'axe do Sei-          ce galet
(42) en direction de la plece travaillea.  I'elctrode (3) et en ca que
lorgane A buss (35) com- 6 - Machine selon l'une quelconque des revendi-
prend un moyen saillant (44) cooperant avec la pie- 14,           cations
precidentes, caracterisie par un paller de  ca travaillee (8) pour orienter
l'axe du passage de )rge-          butee qui supports ladite buse (35).
65  sortie (41) en reponse aux changements de la direc- 7    13
EP 0 219 587 B1 tion de coupe de l6e1ctods afin de produire une composants
dans la direcfion d'un front de coupe de Idlsctmde (3). 14 - Machine a
dlectoroslon selon la revendi- caton 13, cauis6 en ce que Is moyen saillant
5 (44) comprend une bill. orientable (44) adapt6e .pour circular sur une
surface de la pi"ce bavaifl6e (8). 15 - Machine A 6leco-roulonn selon la
revendi- cation 14, caractdrls6o par un moyen dlasique (43)  10 de hroan AL
buse (35) pour rappoler iastiquemnt ladite bills (44) contr Wile surface.
16 - Machine & Alectm-roion solon la revendi- cation 15, caractdrisde en ce
quo lbs deux ensom- bbs. (, 22) ont um organ. do base repectf (34,  15 47)
at am Oi~iflO & buse (35, 48) entourant ladite. 17 - Machine &
dlectro-rosion selon rune quel- conque des.             13 A 16,
cararisdde- par. un poler de butie (50). aupprtant de manure   20 loumat
ledt organe A bumse (48) sur edit organe do base (47). 18 - Machine &a
doctro-6roslon solon la .o-en- caton 17, c6aracdrlmd par des
moyenrtdisatques (36, 37) pour sup   -dpoter doranreIlttane on   25: ss
axal dit organ.  buse (35) sur ledt orane de base (34). 19 - Macline &
6lectro-sroelon solon l'une quel- conque des revendcatons 13 A 18,
caractirladoen co quo inclinaleon de raxe du passage (41) du fluide   30
par rapport & 'axe de. Ilectroe (3) se touve danrs 1 garnme de 9- A 46'. 35
40 45 50 55 60 65    


