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(71)   We, INOUE-JAPAX RESEARCH            There have heretofore been
proposed various INCORPORATED of 5289 Aza Michimasa,        arrangements
for such multi-directional lateral Nagatsudamachi, Midoriku, Yokohamashi,
displacement including one utilizing attraction Kanagawaken, Japan, a
Japanese company, do   or repulsion between a magnet and a set of 5  hereby
declare the invention for which we pray  magnetizable pieces coupled to the
tool and the  50 that a patent may be granted to us and the  workpiece,
respectively, or vice versa. In the method by which it is to be performed
to be    latter system, the magnetic force must act at particularly
described in and by the following   least in three or four directions and
must be statement:-                                uniform in all
directions. In the known system, 10    The present invention relates to a
drive  however, the adjustment of a magnetic gap  55 assembly for providing
multi-directional lateral  required to ensure such multi-directional
displacement between a tool support and a work- uniformity has imposed a
difficulty and further piece support, suitable for use with electroerosion
the distance of displacement which must be or other machine tools. The term
"electro-  adjusted according to a desired displacement 15  erosion" is
intended herein to include electrical  pattern has not been readily
adjustable and  60 discharge machining (EDM), electrochemical    has been
time-wasting. discharge machining (ECDM), all of which are  It is,
therefore, the object of the present known in the machining art. The
invention also  invention to provide an improved drive assembly includes
within its scope a machining device  for multi-directional displacement
between a 20  having such a drive assembly and a workpiece    tool and a
workpiece which substantially over-  65 which has been machined by such a
machining   comes the aforementioned disadvantages of the device.
prior arrangement and whereby a highly precise In these machining
processes, it is sometimes  adjustment is made possible and a desired dis-
desirable to displace a tool electrode, which has  placement pattern is
achieved with reliability 25  undergone rough-machining in a vertical
direction and precision.                      70 (or along z axis),
laterally or in a plane transverse   In accordance with the present
invention, to the latter (or along x and y axes), in a plura-  there is
provided a drive assembly for providing lity of predetermined directions by
a small  multi-directional lateral displacement between a distance
successively or alternately relative to a   tool support and a workpiece
support in a 30  rough-machined workpiece, thereby finish-  machining
device in which the tool support and 75 machining the latter. Such
multi-directional  the workpiece support are advanced relatively lateral
displacement may also be required when  towards each other, and in which
the work- a mechanically rough-machined workpiece is to  piece support and
the tool support are relatively be finished by an electroerosion process
and  displaced transversely to the direction of said 35 when a shaped block
produced by a wire-cut    relative movement, the drive assembly compris  80
EDM is to be utilized as a punch in a die-punch-  ing a first member having
a substantially conical ing process whereby there should be provided an
surface and, in use of the assembly, attached to adequate clearance between
the die and the  one of said tool and workpiece supports coax- punch by
electroerosion. Besides such operating  ially with said direction of said
relative advance 40 odes, the lateral displacement may be effected
movement, a second member having a sub-  85 in a manner such that the
electrode is moved in  stantially conical surface complementary to the an
orbital travel path for electroerosion or other conical surface of said
first  member and, in use machining process. The requirement may also    of
the assembly, mounted so as to form a 



arise  where travelling a slanted wire electrode in  uniform gap spacing
between said members, one 45 wire-cut EDM to produce a tapered cut.
of said first and second members being movable 90    2
1 550 067                                      2 in said transverse
directions, one of said first  Attached also to the shaft 5 is a disc plate
8 and second members comprising a magnetically   which is disposed between
the lower end of the susceptible material and the other said member
conical member 6 and the tool holder 4. The comprising a plurality of
electromagnets    upper surface of the conical  member 6 is selectively
magnetizable to displace, in coopera  arranged to be slidable with bearings
9 against tion with said magnetically susceptible material,  the lower end
of the ram 3 and the plate 8  is said movable member in directions
determined   similarly arranged with bearings 9 against the by the
magnetization of said electromagnets;    internal end surface of the cup
shaped housing and a third member coupled for relatively dis-   2 as shown
so that the shaft 5 and the tool 10 placing at least one of said first and
second  holder 4 may be displaced laterally.    75 members in said
direction of said relative     The ram 3 is provided with a feed drive
syst- advance movement to adjust the size of the  em (not shown) adapted to
advance and retract gap spacing in said transverse directions.  the
assembly 1 and hence the tool vertically. In accordance with preferred
aspects of the   Thus, the normal machining mode proceeds as 15 invention,
said electromagnets are in pairs, with  the tool is advanced in the
vertical direction.   80 each pair being located radially symmetrically.
Juxtaposed with the conical member 6: Each of said electromagnets is
preferably made   coaxially therewith within the housing 2 is a responsive
to a predetermined electrical signal   female   or second conical member 10
having.a which is preferably a train of pulses. A signal    conical surface
complementary to that of the 20 derived from the gap between the tool
electrode  first or  male conical member 6 so as to form a  85 and the
workpiece representative of machining   uniform gap spacing G therebetween.
The conditions therein may also be combined with   second conical member 10
contains a plurality the first-mentioned signal to energize each or    of
electromagnets and may comprise a laminate predetermined one(s) of said
electromagnets so   of electrically magnetizable material such as 25 that
the lateral displacement proceeds in     silicon  steel plates having at
predetermined  90 accordance with the machining conditions in the locations
coils constituting such electromagnets. gap.
In the illustrated embodiment, two pairs of The invention will now be
described, byway  electro-magnets, i.e. 11 A and  1c; 11b and of example
only, with reference to the accom-   11D, each located diagonally opposite,
are 30 panying drawings, in which:-                 utilized as shown in
Figure 2. The second coni - Figure 1 is a diagrammatic elevational view
cal member 10 is as shown  slidably received in in cross-section of a drive
assembly embodying   the housing 2 and supported by a plurality of the
present invention;                      thrust-up pins 12 of a precisely
equal length to Figure 2 is a diagrammatic cross-sectional view each other
and urged against the lower end of 35 of the embodiment of Figure 1 taken
along the  the ram 3 by a bias spring 13. The pins 12  100 line II-II
thereof;                         extend from an annular groove 14 and are
Figure 3 is a circuit diagram of a first operating positioned through  an
annular opening 15 network for electromagnets of Figures 1 and 1:  provided
in the bottom of the housing 2, and Figure 4 is a waveform diagram of
energizing  rest on the bottom of a cup-shaped member 40 current signals
for the network of Figure 3;  16 which is threadingly engaged with the
105 Figure 5 is an illustration of displacement    housing 2 as shown to
form an adjustable paths;                                      screw member
with respect to the fixed housing Figure 6 is a circuit diagram of a system
2. which is responsive both to a predetermined dis-    Thus,'turning the
member 16 clockwise or 45 placement signal and a signal derived from a
counterclockwise  provides a desired precision   110 machining gap for the
drive assembly. according  gap spacing G in  the lateral direction between
to the invention used with an electroerosion  the outer surface of the male
conical member 6 



machine; and                                and the inner surface of the
female conical Figure 7 is a block diagram of another embo-, member 10 and
accordingly provides a precise 50 diment for operating electromagnets.
extent of displacement of the tool secured to   115 A drive assembly
illustrated in Figures 1 and  the tool holder 4. Although not specifically
2 and denoted therein as 1 includes a housing 2   shown, the  periphery of
the cup-shaped member which is attached to a ram 3 of a machine tool   16
is provided with graduations with respect to such as an electroerosion
machine. The assembly  the fixed periphery of the housing 2 to indicate 55
comprises a tool holder 4 adapted to mount an   the extent of displacement.
120 electroerosion electrode or other machining tool   referring to Figure
2, activation of the (not shown) thereto. The tool holder 4 is fixedly
electromagnet 11A causes the movable member mounted to a shaft 5 and they
together form a   6 to displace in the direction of -x because the support
for the tool. Mounted fixedly on the  magnetic layer 7 is attracted to the
magnetic 60 shaft is a conical member 6 having a layer or   pole 11A. The
movable member 6 is displaced  125 piece 7 of magnetic material such as
mild steel   likewise in the direction of +y with the electro- or ferrite
attached thereto. The body member 6  magnetic 11B activated, in the
direction of and the layer or piece 7 may, of couise, be  [err] with the
electromagnet 11 C activated and in integral and constituted by a unitary
magneti-   the direction  of -y with the electromagnet 11d   130 65 cally
susceptible solid or body.            activated.    3             1 55 067
3 The uniformity of the magnetic gap and   adequate combination of input
signals applied accordingly the extent of displacement G over   to
terminals A , B, C and D. all directions is assured simply by the use of
The number of electromagnets need not, of the movable member 6 and the
stationary     course, be limited to four as illustrated and member 10 both
with due roundness conical
70  may be increaed to eight, sixteen or more    70 ness and coaxiality.
which are preferably located radially sym- Thus, the formation of the
magnetic gap G     metricaliy. with confronting tapered surfaces and the
use  The terminal x shown in Figure 3 represents of the adjustable screw
member 16 is adapted    a second input terminal to the AND gate 24 10 to
act on the laterally fixed member 10 via pins  which input is adapted to
receive a signal from  75 12 to move the member 10 vertically render  the
machining gap, especially when the drive the magnetic gap spacing G readily
accurately    assembly 1 and the operating circuit 20 are adjustable as
desired. Accordingly, a simple  used with an electroerosion machine.
manipulation of the adjusting member permits  More specifically, referring
to Figure 6, an 15 the adjustment of the gap over the entire  embodiment.of
this aspect of the invention will 80 range with ease. As noted previously,
the  be described. The circuit arrangement 30 shown member 16 is provided
with scale graduations.   therein includes, additionally to those elements
The adjustment with the aid of a vernier scale   shown in Figure 3, a tool
electrode T and a provides a simple and accurate adjustment and   workpiece
W spacedlyjuxtaposed with one 20 reading indicative of the extent of
displace-  another to form a machining gap M therebe-   85 ment which is
exactly equal to the adjusted  tween. The machining gap M is flooded with a
spacing of the magnetic gap.               dielectric liquid in EDM or a
liquid electrolyte An exemplary circuit arrangement for     in ECM or ECDM
while an electroerosion operating each of electromagnets 1 1A, 11B,
current in the form of discrete pulses in BDM 25 11C and 11D of Figure 2 is
illustrated in  or ECDM or a unidirectional continuous or    90 Figure 3.
The circuit 20 includes a power sup-    discontinuous current in BCM is
applied be- ply 21, a coil 1la (or 11b, 11C or  l1d) for the    tween the
electrode T and the workpiece W to *          electromagnet I IA (or 1 1B,
11 C or 1 1D) and a   remove material from the latter by electro-
transistor 22 connected in series therewith.  physical actions or
electrochemical actions or a 30 The transistor 22 is switching and
conductivity-  combination thereof. As material removal  95 controlled by
an input signal applied at a ter-.   proceeds, a change may take place in
ma- 



minalA (or B, C or D) and fed across its base    chining conditions due to
a  number of variables and emitter terminals through an amplifier 23
which give rise to a fluctuation in gap size or and a gate element 24.
even gap short-circuiting or tendency to arc. 35   With particular
reference to the electro-  The circuit arrangement of Figure 6 is designed
100 magnet 11 A, for example, when an input     to respond to such gap
conditions and to signal is applied to the terminal A, the tran-  modify
the mode of a predetermined lateral sistor 22 is rendered conductive to
pass an  displacement of the tool, e.g., the rate of dis- energizing
electric current through the coil 11a,  placement, in accordance with the
detected 40 the current being of a magnitude determined  gap signal.
105 by the magnitude of the input signal. Circuit  Included to this end is
a detector resistor 31 arrangements of the same basic configuration
connected across the machining gap M and are used respectively for
electromagnets 11B,    having an adjustable potentiometer arm 32 11c and
11D.                             which is led to the second input terminal
x to 45   Figure 4 illustrates an exemplary pattern of   the AND gate 24.
The resistor 31 develops   110 input signals which may be applied to
terminals  thereacross a voltage which varies as a function A, B, C and D
of the circuit of Figure 3. In this  of the size or condition of the
machining gap example, signals [err] and [err] are dis-  M and derives
therefrom a signal which is fed tributively applied to input terminals to
effect   to the gate 24. Thus, when the machining gap 50 lateral
displacement in a desired direction,  M is short-circuited or exhibits an
unduly low   115 where relative magnitudes of these signals are:
impedance condition, "O" signal will appear at [err] . Thus, with only the
terminal A    the input x which signal disables an "advance" given the
input signal 14, the electromagnet  signal from the input terminal A (or B,
C and/ [err] alone is activated to displace the shaft 5 in  or D to pass
through the gate 24 to the transis- '55 the direction of - x (see Figure
5). With the  tor 22, thereby deactuating the corresponding   120 terminal
A fed with the input signal [err] and the   electromagnet to halt the
displacement of the terminal B with the input signal [err]  the direc-
tool electrode T relative to the workpiece W tion of displacement is
determined by the ratio   until such "0" signal disappears. As long as
[err]. When the terminals A and B are given  machining continues under
satisfactory con- each the input [err] the shaft 5 is displaced in a
ditions, the gate 24 remains enabled by "1"  125 direction which is [err]
from both from - x and   signal effective to the terminal x to permit a +y
axes. Likewise, when the terminal B alone  predetermined "advance" signal
to be passed receives the signal 14, the direction of displace-
therethrough so that displacement of the elec- ment is toward [err] axis.
Accordingly, the shaft 5  trode T may continue at a predetermined rate.
130 65 may be displaced as desired in response to an  Figure 7 illustrates
a different operating    4                                 1 550 067
4 system 40 for the drive assembly  1 already  may contain, or be
constituted by, a magneti- described. In this system, a displacement signal
cally susceptible body or material. in the form of x/y from a numerial
control   The adjustment of the magnetic gap be- (NC) unit 41 is divided in
a signal distribution   tween tapered surfaces may also be effected 5 unit
42 to produce allotted input (- x, +y, +x,   through vertical displacement
of the laterally  70 -y) for operating electromagnets [err]   movable
member 6 mounted on the spindle 5, [err] and [err] respectively to effect
displacement or both of the movable and fixed members 6 in a predetermined
direction or with a pre-  and 10. determined angle from each axis in
accordance  Furthermore, in the multi-directional lateral 10 with the
information stored on a record    feed operation with a drive assembly
according 75 medium. In this control system, too, the pre-   to the
invention, the instance of change-over of determined displacement drive
signal can be  displacement directions may be detected by combined with a
signal representative of the    sensing a change in electric or magnetic
signals size or condition of the machining gap M so  which may occur in the
magnetic coil in re- 15 that the lateral advance movement of the tool
sponse to stoppage of displacement and may   80 



electrode T may be effected optimally in ac-    be used to make a shift to
the following dis- cordance with the gap condition.          placement
step. The drive signal from the NC unit 41 is   The lateral displacement
between a tool and typically in the form of a train of discrete  a
workpiece with a drive assembly according 20 pulses. The pulsed signal may
be advanta-  to the invention may also be effected simul-   85 geously
utilized for operating each electro-  taneously with the vertical machining
or con- magnet with a circuit assembly shown in   trol movement of the tool
relative to the work- Figure 3 as well. Thus, in a modified arrange-
piece during a machining operation. ment of Figure 3, a series of pulses
may be  WHAT WE CLAIM IS:- 25 applied to the second input terminal [err] of
the  1. A drive assembly for providing multi-    90 AND gate 24 while a
continuous input signal   directional lateral displacement between a tool
is applied thereto from the terminal A as de-   support and a workpiece
support in a ma- scribed previously. The result is an intermittent chining
device in which the tool support, the conduction of the transistor 22 which
effects   workpiece support are advanced and relatively 30 an intermittent
activation of the electromagnet towards each other, in which the workpiece
95 11A, 11 B, 11 C, 1 ID to displace the shaft 5 in-  support and the tool
support are relatively dis- crementarily. Since the magnetic gap spacing
placed transversely to the direction of said is preadjusted to establish
the extent of dis-    relative advance movement, the drive assembly
placement with due accuracy according to the   comprising a first member
having a substantial- 35 drive assembly of the present invention, a high-
ly conical surface and, in use of the assembly,   100 precision incremental
lateral displacement of   attached to one of said tooland workpiece the
tool for a predetermined distance is thereby- supports coaxially with said
direction of said achieved. In electrical discharge machining,    relative
advance movement; a second member such extent of displacement may be as
small as having a substantially conical surface comple- 40 0.01 to 0.5 mm
which permits the use of   mentary to the conical surface of said first
105 electromagnets of a small size with a low  member and, in use of the
assembly, mounted energizing current sufficient to effect a desired  so as
to form a uniform gap spacing between drive.
said members, one of said first and second The drive assembly according to
the present  members being movable in said transverse 45 invention can also
be used effectively for  directions, one of said first and second mem-
110 relative displacement between a tool and a  bers comprising a
magnetically susceptible ma- workpiece along an orbital travel path and
terial and the other said member comprising a further for taper-cutting a
workpiece with a    plurality of electromagnets selectively mag- travelling
wire in a wire-cut process. The term   netizable to displace, in
cooperation with said 50 "multi-directional lateral displacement" should
magnetically susceptible material, said movable  115 therefore be
understood herein to include such  member in directions determined by the
mag- modes of displacement.                    netization of said
electromagnets; and a third Although the invention has been described
member coupled for relatively displacing at in the foregoing with reference
to preferred    least one of said first and second members in 55
embodiments thereof, it should be understood  said direction of said
relative advance move-    120 that the invention permits various
modifications. ment to adjust the size of the gap spacing in For example,
electromagnets may be incor-    said transverse directions. porated both to
fixed and movable members -    2. The drive assembly according to claim  1,
to utilize their attractive and repulsive, forces,   wherein said
electromagnets are in pairs, with 60 Additionally to magnetic forces, there
may  each pair being positioned radially symmetri-   125 also be used
spring forces acting thereagainst.   cally. Further, in contrast to the
embodiment il-   3. The drive assembly according to claim 2, lustrated, the
laterally movable member 6  wherein said machining process is an electro-
may contain electromagnets or magnetizable    erosion process, said
electromagnets having 65pieces 11 and the laterally fixed member 10
their respective coils energizable by a pre-  130    



4                                      1 550 067
4 system 40 for the drive assembly 1 already  may contain, or be
constituted by, a magneti- described. In this system, a displacement signal
cally susceptible body or material. in the form of x/y from a numerial
control     The adjustment of the magnetic gap be- (NC) unit 41 is divided
in a signal distribution   tween tapered surfaces may also be effected 5
unit 42 to produce allotted input (- x, +y,  x,   through vertical
displacement of the laterally   70 -y) for operating electromagnets 11A,
11B,  movable member 6 mounted on the spindle 5, 11C and 11D respectively
to effect displacement or both of the movable and fixed members 6 in a
predetermined direction or with a pre-  and 10. determined angle from each
axis in accordance  Furthermore, in the multi-directional lateral 10 with
the information stored on a record      feed operation with a drive
assembly according 75 medium. In this control system, too, the pre-   to
the invention, the instance of change-over of determined displacement drive
signal can be  displacement directions may be detected by combined with a
signal representative of the  sensing a change in electric or magnetic
signals size or condition of the machining gap M so  which may occur in the
magnetic coil in re- 15 that the lateral advance movement of the tool
sponse to stoppage of displacement and may    80 electrode T may be
effected optimally in ac-    be used to make a shift to the following dis-
cordance with the gap condition.            placement step. The drive
signal from the NC unit 41 is     The lateral displacement between a tool
and typically in the form of a train of discrete  a workpiece with a drive
assembly according 20 pulses. The pulsed signal may be advanta-    to the
invention may also be effected simul-   85 geously utilized for operating
each electro-  taneously with the vertical machining or con- magnet with a
circuit assembly shown in     trol movement of the tool relative to the
work- Figure 3 as well. Thus, in a modified arrange-    piece during a
machining operation. ment of Figure 3, a series of pulses may be  WHAT WE
CLAIM IS:- 25 applied to the second input terminal x of the   1. A drive
assembly for providing multi-    90 AND gate 24 while a continuous input
signal    directional lateral displacement between a tool is applied
thereto from the terminal A as de-    support and a workpiece support in a
ma- scribed previously. The result is an intermittent  chining device in
which the tool support, the conduction of the transistor 22 which effects
workpiece support are advanced and relatively 30 an intermittent activation
of the electromagnet  towards each other, in which the workpiece  95 11A,
l1B, 11 C, 11D to displace the shaft 5 in-  support and the tool support
are relatively dis- crementarily. Since the magnetic gap spacing    placed
transversely to the direction of said is preadjusted to establish the
extent of dis-    relative advance movement, the drive assembly placement
with due accuracy according to the   comprising a first member having a
substantial- 35 drive assembly of the present invention, a high-  ly
conical surface and, in use of the assembly,   100 precision incremental
lateral displacement of    attached to one of said tool and workpiece the
tool for a predetermined distance is thereby  supports coaxially with said
direction of said achieved. In electrical discharge machining,  relative
advance movement; a second member such extent of displacement may be as
small as  having a substantially conical surface comple- 40  0.01 to 0.5 mm
which permits the use of     mentary to the conical surface of said first
105 electromagnets of a small size with a low   member and, in use of the
assembly, mounted energizing current sufficient to effect a desired  so as
to form a uniform gap spacing between drive.
said members, one of said first and second The drive assembly according to
the present  members being movable in said transverse 45  invention can
also be used effectively for  directions, one of said first and second mem-
110 relative displacement between a tool and a  bers comprising a
magnetically susceptible ma- workpiece along an orbital travel path and
terial and the other said member comprising a further for taper-cutting a
workpiece with a  plurality of electromagnets selectively mag- travelling
wire in a wire-cut process. The term    netizable to displace, in
cooperation with said 50  "multi-directional lateral displacement" should
magnetically susceptible material, said movable  115 therefore be
understood herein to include such  member in directions determined by the
mag- modes of displacement.                      netization of said
electromagnets; and a third 



Although the invention has been described   member coupled for relatively
displacing at in the foregoing with reference to preferred  least one of
said first and second members in 55 embodiments thereof, it should be
understood   said direction of said relative advance move-    120 that the
invention permits various modifications. ment to adjust the size of the gap
spacing in For example, electromagnets may be incor-   said transverse
directions. porated both to fixed and movable members      2. The drive
assembly according to claim 1, to utilize their attractive and repulsive
forces.   wherein said electromagnets are in pairs, with 60  Additionally
to magnetic forces, there may  each pair being positioned radially
symmetri-   125 also be used spring forces acting thereagainst.   cally.
Further, in contrast to the embodiment il-     3. The drive assembly
according to claim 2, lustrated, the laterally movable member.6   wherein
said machining process is an electro- may contain electromagnets or
magnetizable    erosion process, said electromagnets having 65  pieces 11
and the laterally fixed member 10  their respective coils energizable by a
pre-  130    5              .                      1 550 067
5 determined pattern of signals determining a  directional lateral
displacement between a tool pattern of said multi-directional displacement.
support and a workpiece support in a ma-  25 4. The drive assembly
according to claim 3,  chining device, said drive assembly being con-
wherein said third member is adapted to ad-  structed arranged and adapted
to operate sub- 5 just said gap spacing in the transverse direc-
stantially as hereinbefore described with tions in the range between 0.01
and 0.5 mm.    reference to and as illustrated in, Figures 1 to 6 5. The
drive assembly according to claim 4,  or Figures 1, 2 and 7 of the
accompanying dia- 30 wherein said signals applied to at least a part of
grammatic drawings. said coils are in the form of a train of pulses.  10. A
machining device having a drive 10    6. The drive assembly according to
claim 5,  assembly according to any one of the preceding wherein pulses are
applied distributively to said  claims. coils in accordance with a
particular displace-  11. A workpiece which has been machined  35 ment
direction.                             by a machining device according to
claim 10. 7. The drive assembly according to claim 3, 15 wherein said
signals are modified in response to a second signal derived from the
machining gap    SAUNDERS & DOLLEYMORE, between the tool and the workpiece.
Chartered Patent Agents,         40 8. The drive assembly according to
claim 1             2a Main Avenue, or claim 2, wherein said member having
electro-            Moor Park, 20 magnets comprises a laminate of
magnetizable                Northwood, material having a predetermined
locations coils        Middlesex. HA6 2HJ. for the individual
electromagnets.                                                     45 9. A
drive assembly for providing multi-          Agents for the Applicants.
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