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di scharges, that |s a d|e S|nk|ng EDNIappar tus and a wire-Cut~EDM™
apparatus. In R P RVERDS ARPARATHSr m ng a cavity of a desired

configuration in the “Drkﬁﬁgcﬁresent invention relates to a wire-cut

electroerosion apparatus. More spécifically, the present

invention relates to a wire-cut electrical discharge

5 machining ("EDM") apparatus for machining a workpiece
submerged in a working tank that is filled with a
dielectric fluid.

It is known that there are two different types
of EDM apparatus for machining a workpiece in a working

10 tank by electrical discharges, that is, a die sinking EDM
' apparatus and a wire-cut EDM apparatus.

In a die sinking EDM apparatus for forming a
cavity of a desired configuration in the workpiece,
dielectric fluid is put into a working tank to submerge

15 the workpiece fixed on a work table'in the working tank.
In a machining operation, a tool ‘electrode having a_three-
dimensional figure advances toward the workpiece from
above, along the Z axis. A door is generally provided on
the front wall of the working tank to access the workpiece

20 and the tool electrode. However, the walls tend to impair
accessibility. Further, too much space is required to
open and close the front door horizontally. If an
automatic pallet changer is used to carry out unmanned
machine operation for several days, the tank wall is

25 susceptible to obstacle to change the workpiece.

U.S. Patent No. 4,712,288 to Lodetti et al. and
Japanese Laid-Open Patent Publication No. 61-270023
disclose a die sinking EDM apparatus having a working tank
of which a rear wall is fixed and the other three walls

30 are a U-shaped unitary construction which can move
vertically to obtain free access to the work table.

Japanese Laid-Open Patent Publication No. 2-
48113 discloses a die sinking EDM apparatus in which the
working tank consists of a base container member and at

35 least one movable frame member which can move vertically.
The movable frame member moves down into the base
container member so that the four walls of the working
tank can telescope as a whole in a sealing‘relationship.
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horizontal plane, a lower arm extends into the working
tank through an opéning of one of the walls thereof and an

5 upper arm is positioned above the lower arm. An electrode
wire travels between an upper wire guide block and a lower
wire guide block which are mounted on ends of the upper
arm and the lower arm; respectively. The electrical
discharges occur between the travelling wire and the

10 workpiece through the dielectric fluid controlling the
movement of the working tank along the X and Y axis.
Since in the wire-cut EDM apparatus, a water or a water
'sdlution is used as a dielectric fluid, so-called
"submerged machining® in which the workpiece is submerged
15 in the workpiece during machining, for preventing rust, is
generally desirable.

Like in a die sinking EDM, the tank walls of a
wire-cut EDM apparatus impair accessibility when loading
the workpiece onto the work stand and vertically aligning

20 the electrode wire for preparation of machining.

| Japanese Laid-Open Patent Publication No. 2-

298435 discloses a wire-cut EDM apparatus in which three
tank walls of the front and both sides include a bellow to
move vertically by expanding and contracting the bellow.

25 However, this apparatus originally does not allow the
submerged machining. When filling the working tank with a
dielectric fluid, the tank walls of a bellow will expand
with unsteady construction.

An object of the'present invention is to provide

30 a wire~cut electroerosion apparatus which allows easy
access to the workpiece and the electrode wire.

It is another object of the invention to provide
a wire-cut electroerosion apparatus with improved
machining efficiency.

35 It is further an object of the ihvention to
provide a wire-cut electroerosion apparatus in which walls
of a working tank can move vertically with high precision

in a sealing relationship.
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working tank can move vertically without the need to
provide an additional space and mechanism for housing the
lowered walls. |

It is further an object of the inveﬁtion to
provide a wire-cut electroerosion apparatus in which walls

~of a working tank can move vertically as required,

notwithstanding the relative position of the workihg tank.

Additional objects and advantages and novel
features of the invention will be set forth in part in the
description which follows, and in part will become
apparent to those skilled in the art upon examination of
the following or may be learned by practice of the
invention. . The objects and advantages of the invention
may be realized and attained by means of the
instrumentalities and combinations particularly pointed
out in the appended claims.

A general aspect of the present invention is the
provision of a wire-cut electroerosion apparatus having an
electrode wire for machining a workpiece, comprising a
working tank for containing a dielectric fluid and having
at least one wall with ‘an opening thefein, and a lower arm

"which is supported at one end on the outside of the

working tank, extending through the opening and the tank
being movable relative to the lower arm in a sealing
relationship. The working tank consists of a base
container member including a rear wall formed at the rear

side with the opening therein and a low wall formed at the

other three sides which is lowered below the base of the
workpiece so as to create an unclosed space, and at least
one movable frame member slidable vertically for covering
the unclosed space. The apparatus further comprises a
lifting device for lifting and lowering the movable frame
member.

In accordance with a preferred embodiment of the
present invention, the lifting device comprises a
pantagraph having slide pins slidably fitted to pin guides
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the movable frame member for lifting and lowering the

movable frame member. The lifting device further
comprises a pantagraph driving means connected to the '

5 pantagraph through a link pin for vertically expanding and
contracting the pantagraph and an actuating device for
actuating the pantagraph driving means.

Preferably, the pantagraph driving means
comprises a frame, a ball screw rotatably and vertically

10 supported by the frame and a housing member spirally
engaging with the ball screw and engaging with the 1link
pin, so that the housing member can move vertically as the
actuating device drives the ball screw.

Preferably, the housing member is guided by the

15 ffame through a plurality of guide rollers to thereby
maintain the pantagraph upright against a bias load
applied thereto. '

The base container member advanﬁageously
includes a guide rail for guiding the movable frame

20 menmber.

Further, the movable frame member may include-a
locking bent part for locking the movable frame meﬁber to
the base container member through the guide rail against
the fluid pressure in the tank.

25 Embodiments of the present invention will now be
described by way of example only, with reference to the
following drawings, in which;

Fig. 1 is an exploded perspective view showing
the working tank and the lifting device of the present

30 invention; '

Fig. 2 is a perspective view showing the whole
of the wire-cut electroer051on apparatus of the present
invention; _

Fig. 3 is a horizontal sectional view of the

35 working tank for the wire-cut electroerosion apparatus of
the present invention;

Fig. 4 is a cross-sectional front view of the
working tank for the wire~cut electroerosion apparatus of
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the present invention;
5 Fig. 6 is a cross-sect10nal front view of a
pantagraph driving means of the present invention; and

Fig. 7 is a cross-sectional side view of a
pantagraph driving means of the present'invention;

Fig. 8 is a cross-sectional view showing a

10 locking member in another embodiment.

Embodiments of the present invention are
described hereinafter with reference to the drawings. An
aspect of this invention is a construction for lifting a
working tank, however, for easier understanding, the wire-

15 cut electroerosion apparatus of the present invention in
whole is described first.

Fig. 2 shows the whole of a wire-cut
electroerosion apparatus of the present invention. The
wire-cut electroerosion apparatus 1 consists of a machine

20 body 2, a dielectric fluid supply device 3 and a power
generator 5. The machine body 2 includes a bed 4 placed
forward and a column 4a. A cross table (not illustrated)
is provided on the bed 4. A working tank 6 is overlaid on
the cross table movably in a horizontal plane including

25 orthogonal X and Y axes. A wire feeding device 7 is
secured on an upper part of the column 4a and projects
forward. An operation panel 8 is suspended forward by a
pivotal pendant arm 9 from the'crest of the power _
generator 5. A plurality of work stands 10 are provided

30 in the working tank 6. A workpiece 11 to be machined is
fixed on an upper surﬁace'of the work stands 10.

The working tank 6 consists of a base container
member 12, a first movable frame member 13 and a second
movable frame member 14. The base container member 12

35 includes a rear wall having an openihg therein and a lower
arm 15 passes therethrough. The base container member 12 -
also includes a low wall on three other sides which is
lower than the rear wall and is preferably lower than a
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el ectroer Sion.%gegégtggthnswﬁggb.m@LESfirst and second movable frame
members 13 and 14 are slidable to close the opening space
of the base container member 12.

5 The lower arm 15 is fixedly supported at one end
by the column 4a and a lower wire guide block 17 for
guiding an electrode wire 16 is mounted on the other end
of the lower arm 15 inside the working tank 6. An upper
wire guide block 18 for guiding the electrode wire 16 is

10 mounted on an upper arm (unnumbered) below the wire
feeding device 7.

In preparing for machining, the workpiece 11 is
fixed on the work stands 11 in the working tank 6. The
movable frame memberé 13 and 14 are lifted up to close the

15 opening space of the base container member 12. The
working tank 6 is then filled with a. dielectric fluid to
submerge the workpiece 11 therein, and the electrode wire
16 is strained between the upper and lower wire guide
blocks 18 and 17 through an initial hole pre-pierced in

20 the workpiece 11.

' Next, an electrode wire 16 is continuously fed
from the wire feeding device 7 and electrical discharges
occur in the machining gap formed between the travelling
wire and the workpiece 11 in the dielectric fluid. The

25 workpiece 11 is machined by the electric discharges and
then shaped into the desired configuration by moving the
cross table in the X- and/or Y- axis directions along the
machining path.

The dielectric fluid supply device 3 is a

30 storage tank and serves to maintain a resistivity of the
fluid and to remove machined chips from the machining gap.

The construction of the working tank 6 and a
lifting device for lifting up the movable frame members 13
and 14 will now be described. '

35 Fig. 1 (a) shows a part of the working tank 6
and the lifting device. Fig. 1 (b) shows enlargedly a
guide rail section.

The base container member 12 includes a tall
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tank can nove vertically as required,; :
rear wall Rl, a front wall F1, and walls of both sides S1.

The front wall F1 and most of both side walls S1 are lower
than the top surfade of the work stands 10 to thereby 6pen
out forward and toward both sides. A partition wall D1 is

5 provided on the outside of the front wall F1 and both side
walls S1 to form a U-grooved drainage gutter 19. Further,
covers K1 are provided on the outside of both sides of the
partition wall D1 and the covers K1 and the partition wall
D1 are spaced from each other.

10 The first movable frame member 13 is formed in a
U-shape to partly cover the unclosed space of the base '
container member 12. This first movable frame member 13
comprises an inner wall consisting of a front wall F2,
both side walls S2 and locking bent parts H2. The first

15 movable frame member 13 further comprises a partition wall
D2 for enclosing the inner wall in spaced relation, and a
cover K2 for enclosing the partition wall D2 in spaced
relation. As best shown in Fig. 4, for the inner walls F2
and S2 and the partition wall D2, their bases are

20 interconnected here ahd_there to form a narrow U-shaped
groove. This U-shaped groove can telescopically enter
into between the inner walls F1 and S1 and the partition
wall D1 to form a part of the U-grooved drainage gutter 19

~of the base éontainer member 12. In addition, the cover

25 K2 covers over the outsides of the covers K1 of the base
container member 12. '

The second movable frame member 14 has almost
the same construction with the first movable frame member
13 and is formed in a U-shape to cover the unclosed space

30 of the base container member, as a whole. This second
movable frame member 14 comprises an inner wall consisting
of a front wall F3, both side walls S3 and locking bent
parts H3. A partition wall D3 is provided on the outside
of one of the walls S3. A cover K3 is provided on the

35 outside of the front wall F3, the other of walls S3 and
the partition wall D3 in spaced relation. For one of
walls S3 and the partition wall D3, their bases are
interconnected to form a narrow U-shaped groove. This U-
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P erpart %f the U-grooved drainage gutter 19. The cover K3
covers over the upper part and the outside of the cover K2
5 of the first movable frame member 13 when it is lowered.

The base container member 12, the first movable

frame member 13 and the second movable frame member 14
form the working tank 6 of which all sides are enclosed by
- tall walls by sliding up the movable frame members 13 and

10 14. The base container member 12, the first frame member
13 and the second movable frame member 14 can be
telescopically overlaid by sliding down the movable frame
member 13 and 14 thereby to form the working tank of which
walls on the three sides are lowered.

15 A seal member Al is attached on to the outside
~surface of the inner walls S1 and Fl1 of the base container
member 12 while a seal member A2 is attached onto the
outside surface of the inner walls S2 and F2 of the first
movable frame member 13. These seal members Al and A2 are

20 _provided to prevent leakage of dielectric fluid in the
working tank when sliding up and down the movable frame
members 13 and 14. A guide rail GR runs along the
drainage gutter 19 to form almost U-shaped horizontal
cross section and further extends vertically on both ends

25 of the drainage gutter 19 to guide ends of walls S2 and S3
and to maintain the sealing performance of the seal
members Al and A2. In ad&ition, the guide rail GR guides
the locking bent members H2 and H3 provided on ends of
both side walls S2 and S3, respectively. The locking bent

30  .members H2 and H3 prevent the movable frame members 13 and
14 from moving forward due to the fluid pressure so that
the fluid may not leak out of the clearances between the
front walls.

In addition, in the event of leakage of the

35 working fluid, the fluid accumulated in the gutter 19 will
be discharged through the outlet (not illustrated)
disposed in a part of the gutter 19.

Pin guides Gl1, G2 and G3 are brovided on the
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and G3, respectively. That is, the pantagraphs 20 are
5 attached to both sides of the working tank 6 through the
slide pins P1, P2 and P3.

A pantagraph driving means 21 is provided on the
outside of the pantagraph 20. The pantagraph driving
means 21 includes a frame 22 supported on the base of the

10 base container member 12, a ball screw 25 supported by the
frame 22 through bearings 23 and 24 and a housing member
26 spirally engaging with'the'ball screw 25. The housing
member 26 is connected to a cross portion of the
pantagraph 20 through a link pin 27. The housing member

15 26 houses a ball screw nut to move vertically as the ball

screw 25 rotates.
In this embodiment, a worm wheel 28 is fittingly
secured to a lower part of the ball screw 25. A driving
shaft 30 is provided in the wvicinity of the frame 22. A
20 worm 29 engaging with the worm wheel 28 is fixed on the
driving shaft 30. Then, the ball screw is rotatively
driven by turning the driving shaft 30 through the worm
wheel 28 and worm 29.
Fig. 3 shows a horizontal cross section of the
25 working tank 6 and a power transmission mechanism for
actuating the pantagraph driving means 21. As shown in
Fig. 3, the pantagraph driving means 21 are disposed on
both sides of the working tank 6. A driving motor 32 is
provided in the vicinity of the working tank 6 to serve as
30 a driving power source of a lifting device 31 for 1lifting
' and lowering the movable frame members 13 and 14.
Moreover, multiple dr1v1ng shafts 30 are linked w1th the
driving motor 32 th;ough universal joints 33 and bevel
gears 34 operably to transmit the power, surrounding both
35 sides and the rear of the working tank 6.
Therefore, ball screws 25 of both pantagraph
driving means 21 are rotatively driven through the driving
shafts 30, worms 29 and worm wheels 28 by running the
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The construction of an arm passage portion 35

for the lower arm 15 is best shown in Fig. 3. A
horizontally extended opening 36 is fdrﬁed in the rear

5 wall R1 of the base container member 12. ‘A sliding plate
37 covers the opening 36 from the outside and is slidable
in the X- axis direction with respect to the working tank
6. The sliding plate 37 has a through hole 38 at or about
its centre fof the passage of the lower arm 15. Seal

10 members 39 are provided between the opening 36 and the
sliding plate 37 and between the sliding plate 37 and the
lower arm 15. Due. to this construction, the working tank
6 and the lower arm 15 can move relatively in the X- and
Y- axis directions, maintaining sealing relationship.

15 Additionally, the drainage pit 41 is provided in
the working tank 6 for discharging the dielectric fluid.

As best shown in Fig. 4, the base container

menmber 12 and the movable frame members 13 and 14 can be
telescopically overlaid on each other. The drainage

20 gutter 19 formed between side walls S1, S2 and S3 and the
partition walls. D1, D2 and D3 collect the fluid rising
above the predetermined fluid level as shown by the arrow

f.
The pantagraph 20 and the pantagraph driving
25 means 21 are provided on the inside of the covers Ki, K2
and K3.

The pin gﬁides Gl, G2 and G3 attached onto the
outside surfaces of the partition walls D1, D2 and D3 are
slidably engaged with the respective slide pins P1, P2 and

30 P3 secured to the pantagraﬁh 20.

The pantagraph 20 is connected to the housing
member 26 of the pantagraph driving means 21 through the
link pin 27 on the opposite side of the slide pins P1, P2
and P3.

35 Fig..S is a cross-sectional side view of the
working tank 6. '

As best shown in Fig. 5, the pin guides G1, G2
and G3 are provided forward and backward on the base
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thereto. The basgfantaldsy. MefRers Bl P AELAUS| 2 and P3 are secured to
the ends and joint portions of the pantagraph 20 and cén
move in respective pin guides G1, G2 and G3, as shown by
5 the arrow m.
The link pin 27 is rollably secured to the '
housing member 26 and is engaged with the cross portion of
the pantagraph 20.
As the housing member 26 moves vertically
10 through the rotation of the ball screw 25, the pantagraph
20 vertically expands and contracts. Therefore, the
movable frame members 13 and 14 can slide up and down in
horizontally supported relation due to the action of the
pin qguides G1, G2 and G3 and the slide pins P1, P2 and P3.
15 As shown in Fig. 5, the sliding plate 37 in the
arm passage portion are guided by plate holding members
42, A dam 43 and a dam supporfer 44 are provided on the
outside of the sliding plate 37 to prevent the entrance of
the unwanted substance. N
20 : ' Next, the construction of the pantagraph driving
means 21 will be described in detail with reference to
Fig. 6 and 7.
The pantagraph driving means 21 includes the
frame 22 fixed on the working tank 6. The ball screw 25
25 is uprightly and rotatably supported by the frame 22
through the bearings 23 and 24. A worm wheel 28 is _
secured to a lower part of the ball screw 25. The housing
member 26 housing a ball screw nut spirally engages the
ball screw 25 above the worm wheel 28. The housing member
30 26 includes Y-direction guide rollers 45 and X-direction
guide rollers 46 for maintaining the pantagfaph 20 upright
against a bias load from the dead weight since the movable
frame members 13 and 14 are U-shaped.
The Y-direction guide rollers 45 consist of a
35 pair of rollers which are rollingly contacted to the inner
surfaces of the frame 22. The pair of rollers are level
with the link pin 27 so that the pantagraph 20 may be
maintained upright against its fall in'thé Y-direction.
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against the fluid pressqmulﬂlu”mlﬁm. Enbodi nents of the present
i nvention w || 536BEPe d of exanple only, with reference to
the follow ng drawi ngs in I'Cch; g. 1 is gn exploded perspective view
showi ng the working tank and the |lifting device of the present invention;
Fig. 2 is a perspective ¥SeResffomheyn ia Fig.e7, the X-direction guide
rollers 46 consist of two pairs of rollers. One pair of
rollers are level and are rollingly contacted to the
surface of the frame 22 facing the pantagraph 20. The
5 other pair of rollers, level with each'other, oppose one
pair of rollers with respect to the frame and are
rollingly contacted to the surface of the frame 22 facing
the cover Kl1. The levels of these two pairs of rollers
are vertically offset. The centre of the housing member
10 26 connected to the link pin 27 experiences moments
imposed through the 1link pin 27 by the tank weight loaded
to the pin guide G2 and G3. The X-direction guide rollers
46 resist the moments to thereby maintain the pantagraph
upright against its fall in the X-direction. 1In addition,
15 the housing member is stably guided by the frame 22
through the guide rollers 45 and 46 so that an excessive
radial load may not be imposed between the ball screw 25
and the ball screw nut.
Based on the above construction, the operation

20 of the wire-cut electroerosion apparatus 1 of this
embodiment will now be described.

_ As described above, for the base container
member 12 of the working tank 6, the front wall F1 and
most of both side walls S1 are lower than the top surface

25 of the work stands 10 for fixing the workpiece 11 to
thereby open out forward and toward both sides. A tall
rear wall Rl including the opening 36 for the passage of
the lower arm 15 can move relatively to the lower arm 15.
The first and second movable frame members 13 and 14 are

30 formed in a U-shape. The movable frame members can slide
up to cover the unclosed space of the base container
member 12 and can slide down to telescopically overlay
upon the low walls F1 and S1 of the base container member
1z2. _

35 Thus, the movable frame members 13 and 14 will
not interfere with the lower arm 15 when they are lowered.
As soon as the dielectric fluid is discharged after
machining, the movable frame members 13 and 14 are lowered




of ‘fhe wire-cut el ectroerosi on apparatiis of the present invention; F|g 3

is:a horizontal secti OnﬁtnsSﬁbe@WascﬁeeJ lagggr king tank for the wire-cut s

invention; Fig. 4is a
cross-sectional front vi | ng tank for the wire-cut
eIectroer05|onSaﬁp&Eatus sent I nvention; F|g 5is a
‘cross-sectional side view of the morklng taﬂ¥ for the ‘Wi r e-cut

el ectroerosi on apparatus of.
‘so that the front and both side walls of the tank 6 can be

lowered below the workpiece 11. Therefore, forward and
both sides access to the workpiece is enabled. After an
operator changes the workpiece 11 and fixes it on the work
5 stand 10, the dielectric fluid can be filled at the same
time of lifting the movable frame members 13 and 14 to
restart machining immediately. Machining efficiency is

el éctroerosion apparatus#

improved.
As will be apparent from this embodiment,
10 multiple sets of the pantagraph 20 and the pantagraph
-driving means 21 are provided and these sets are
synchronized by a single drive motor 32. Also, the
multiple movable frame members 13 and 14 can be supported
at a plurality of fulcra and can move vertically

15 simultaneously in horizontally supported relation.

' Moreover, in this embodiment, the housing member
26 of the pantagraph driving means 21 is guided by the
frame 22 through the Y-direction guide rollers 45 and the
X-direction guide rollers 46. '

20 The locking bent member and the guide rail for
guiding the locking bent member is not limited to .the
embodiment shown in Fig. 1. As shown in Fig. 8, a locking
member 61 having a bent portion at its end may be fixedly
provided on side wall S1 of the base container member 12.

25 A guiding member having guiding grooves 62 and 63 is
fitted inside the locking member 61. The side wall S2 and
S3 of the movable frame members 13 and 14 are guided by
the guiding grooves 63 and 62, respectively. A stopper 64

. is fixed on the outer surface of the side wall S3 so as to

30 engage with the bent portion of the locking mémber 61.
Seal members Al and A2 are provided among side walls S1,
52 and S3. 1In this arrangement, the movable frame members
13 and 14 are prevented from moving forward due to the
fluid pressure.

35 The foregoing description of preferred
embodiments of the invention have been presented for
purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the



t he- present i'nvention; _Eig 6 is a cress-sectional front view of a

pant agraph driving nmeans of the present invention; and Fig. 7 is a ”ﬁd;gii;

cross-sectional side viefhighesiH driving neans of the presént®:i
i Avention; Fig. 8 is a cr q i ew showi ng a | ocki ng menber™ i"n—==
anot her enbodi nggg3gEnbodi present invention are described

hereinmafter with reference to the drawi ngs. An aspect of this invention is
a construction for lifting a Wworking tank,~ Rdwéver, for easier -
under st andi ng, phecikeefoent deketbsear 0aha@nopppansl yismahy th6dPE £eatlions
Invention in thh LgrggggékgegrLjEEESible in the light of the above
teaching. For example, the workpiece may be replaced
automatically or semi-automatically by associating a
5 conventional NC controller, the dielectric fluid supply
device and the lifting device. After machining, the
movable frame members may be automatically lowered at the
same time as discharging of the dielectric fluid. The
workpiece may be replaced manually or by an automatic
10 .pallet changer. ‘After detecting the end of the workpiece
change using a sensor, the dielectric fluid may be
supplied into the working tank at the same time as
automatically lifting the movable frame members.

Machining can then restart.




Fig. 2 shows the whole f WI re cut eI ectroerosi on appar at us of the’ L
preéent I nvention. The B 0si on apparatus 1 conS|sts of ‘a il
machi ne body 2, a dleleci " [ |y device 3 and a pomeﬁwgenerafOL_S Jﬂ
The machi ne body 2 inclu

. , g1 ] ced forward and~a-coLuﬂn_§%_K§LELE§s
table (not illBsboaped) is provided on the bed 4. A wdrking tank
overlaid on the cross table novabl y in a horizontal pl aﬂﬂl{"mm’l”ﬂm
orthogonal X and Y axes. A wire feeding deixe€ 7 is sfe I HH"I
part of the cofLAf@iM8a and projects forward. An operation paﬁel 8#!3
suspended forward by a ppv _pendant _ar fromthe_ cr e power
gener at or 5. 2& Iuralltyho?Tlge Eﬁgtgg gt BGEPSIBPOePEEEagus 8av1ng g
electrode wire (16) for mach1n1ng a workpiece (11) and
comprising; a working tank (6) for containing a dielectric
5 fluid, having at least one wall with an opening (36)
therein; an arm (15) which is supported at one end on the
outside of said working tank, extending through said
opening and said tank being movable relatively to said arm

in a sealing relationship; wherein said working tank

10 includes a ‘base container member (12) including a rear
wall formed at the rear side with said opening therein and
a low wall formed at the other three sides which is
lowered below the base of the workpiece so as to create an
unclosed space, and at least one movable frame member

15 (13;14) slidable vertically for covering said unclosed
space; and wherein said apparatus further comprises a
lifting device (31) for lifting and lowering said movable
frame member. |
2. A wire-cut electroefosion apparatus as claimed

20 in Claim 1, wherein said lifting device comprises a
pantagraph (20) for lifting and lowering said movable
frame member through pin guides (G1,G2,G3) secured to side
walls of said base container member and said movable frame
member and slide pins (P1,P2,P3), a pantagraph driving

25 means (21) for vertically expanding and contracting said
pantagraph through a link pin (27), and an actuating
device (32) for actuéting said pantagraph driving means.
3. A wire-cut electroerosion apparatus as claimed
in Claim 2, wherein said pantagraph driving means

30 comprises a frame (26), a screw (25) supported by said
frame and rotatable by said actuating device and a housing
member (22) spirally éngaéing with said screw and engaging
with said link pin; said:housing member being ascendable
and descendable through rotation of said screw.

35 4. A wire-cut electroerosion apparatus as claimed
in Claim 3, wherein the housing member is guided by the
" frame through a plurality of rollers (45,46) to thereby
maintain the pantagraph upright against'a bias load



i n"t'he working tank 6. A workpi‘ece 11 to be machined is flxed on an Upper

surface of the work stanﬂ,gsj,gm;gtygen ki.§9 tank 6 consists of a ‘hades
cont ai.ner nenber 12, a f|
frame menber 14. The base er 12 includes a rear

an opening theggspgand a asses t her et hrough. The base

“cont ai ner nenber 12 al so incl udes a I ow wal | on three ummm“mum S
| ower than the rear wall and is preferably 4%wer than In it of
the work standapp@it@ epemeeut forward and »oc L mos

5. A wire-cut electroerosion apparatus as claimed

in any one of the preceding claims wherein said base
container member includes a guide rail (GR) for guiding

5 said movable frame member. ,
6. A wire-cut electroerosion apparatus as claimed
in Claim 5, wherein said movable frame member includes a
locking part (H2,H3) for locking said movable frame member
to said base container member through said guide rail

10 against the fluid pressure in said tank.

ane menber 13 and ‘a-second anabIé-:“



toward both sides. The first and second novabl e frame nenbers.13. and 14 are._ _
slidable to cl ose the openi ng space of the base contai ner WEHper 12. The .- *@'i
lower arm 15 is fixedly supported at one end by the col um l4a and-a, Lower'““
wite guide block 17 for guiding an electrode wire 16 is Mo URt-etan: t he )
other end of thegsdpwer arm 15 inside the working tank 6. An upper wire

gui de- bl ock 18 for QU|d|ng the electrode wire 16 is nounted on an upper arm
(unnunbered) below the wire feeding devicé #7 ™ preparing for machining,

t he wor kpi ece 1psprA¢®ed on the work stands 11 in the working tank 6. The

novabl e frane Wr&%%ﬁ'ﬁ'&&o 1%‘651&&%&9';\1&'&68 cl ose the

A wire-cut electroerosion apparatus comprising a

working tank (6) for containing a dielectric fluid hav1ng
5 at least one wall with an opening (36) therein, and a

lower arm (15) which is supported at one end on the
outside of the working tank, extending through the opening
and the tank being movable relatively to the lower arm in
a sealing relationship. The working tank consists of a

10 base container member (12) and at least one movable frame
member (13,14). The base container member includes a rear
wall with the opening therein and a low wall formed at the
other three sides which is lower than the base of the
workpiece. The movable frame member can be lowered using

15 a pantagraph (20) to thereby easily'access the workpiece

and an electrode wire.

20
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\..

openi ng space' of the base contai ner nenber 12. The working tank 6 is then
filled with a dielectric fluid to subnmerge the workpi ece 11 therei nF-and.
the el éctrode wire 16 is strained between the upper and |ower wire guide. = .
bl ocks 18 and 17 through an initial hole pre-pierced in the workpiece 11. > :ad:
Next, an electrode wire 16 is continuously/fed fromthe wire feeding device
7 and el ectrical discharges- occur in the chining gap forned between the
travelling wire and the worﬁ?tf .11 in the dielectric fluid. The workpiece
11 is machined by the electr aﬁgp*arges and then shaped into the desired
configuration by noving the cross table in the X- and/or Y- axis directions

al ong t he :




machi ning path. The dielectric fluid supply device 3 is a Storage tank .and - g
servVes to nmaintain a resistivity of the fluid and to rennvefnachlﬂedachlps Sl
from the machi ning gap. The construction of the working tanik=6* aﬁé~a-~~w~:::$
lifting device for lifting up the novable franme nenbers 13 and 14 will now
be- described. Fig. 1 (a) shows a part of the working tank .6 and the
tifting device. Fig. 1 (b) shows enlargedly a guide rail section. The base
contai ner nmenber 12-includes a tall '
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= .7- rear wall R1, a front wal.l .F1, and walls of both sides Sl1. The front
wal'l F1 and nost of both side walls S1 are |ower than the top surface, of = . ;
the work stands 10 to thereby open out forward and toward both sideg; ;A E
partition wall D1 is provided on the outside of the front ‘wall_ FIl and-both™
stde walls S1 to forma U grooved drai nage gutter 19. Further; covers Kl

rare provided on the outside of both SZFGS of the partition wall D1 and the

covers Kl agﬂ;ﬁt pardition wall Enlﬁré7%paced fromeach other. The first
e i A U-shape to partly cover the unclosed

novabl e fra T ~13 is forned i

space of the base
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cont ai ner» menber 12. This first novable frame nenber 13 conpi i S€S™an i nner

wal |- consisting of a front wall F2, both side walls S2 and | oéking bent” - -

parts H2. The first novable frame member 13 further conprises_a_partifibn

wal| D2 for enclosing the inner wall in spaced relation, and a cover KZ for
enclosing the partition wall D2 in spaced relation. As best shown in Fig.
4, for the inner walls F2 and S2 and thebﬁ ertion wall D2, their bases are
i nterconnected here and there to forma nafrow U shaped groove. This
U shaped groove can teIescopﬁF%ﬁ(% eﬂ1er into between the inner walls F1
and S1 and the partition wall o forma part of the U-grooved drai nage
gutter 19 of the base container nengfr 12. ﬂ%n addit&pn, t he cover

~

éen Replaced

(i

This Sheet Has B



K2 covers -over the outsides of the covers Kl of the base container .nenber

12 The second novabl e franme nenber 14 has al nost the sane con%trﬁbtion ri" E
with the first novable frame menber 13 and is formed in a U shape to-fcover *

t he ,uncl osed space of the base contai ner nenber, as a whole. This second -
mgvabl e frame nenber 14 conprises an inner, wall consisting of a front wall
F3, both side walls S3 and | ocking bent paTZs H3. A partition wall D3 is
provi ded on the outside of one of the walls S3. A cover K3 is provided on
the outside of the front wall F3, the other of walls S3 and the partition
wal | D3 in spaced rfel h(iygnH For one of walls S3 and the.partition wall D3,

their bases are
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i nt'er connected to form a.narrow U-shaped groove.
can telescopically enter
wal-|

cover

FIG.6

I nto between the side wall
D2 to forman upper part of the U grooved drainage gu
‘K3 covers over the upper part and the outside of the cover
first novable frane nmenber
12,

13 when it is

tthe first novable frame nenber A
14 formthe working tank 6 of which al
sliding up the novabl e franme nenbers 13 and
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14! “The base contai ner menber 12, -the first franme nenber 11—Fﬁd'1he secgndf“”‘
nmovabl e frane nenber 14 can be tel escopically overlaid by § dlﬁg, Dwm‘thé t
‘mbvabl.e frame nenber 13 and 14 thereby to formthe morking .......
wal |'s on the three sides are |lowered. A seal nenber Al is attached on to

t he. out si de surface of the inner walls Sl and F1 of the base contai ner
“menbér 12 while a seal nenber A2 is attaghed onto the outside surface of
the inner walls S2 and F2 of the first yable frame menber 13. These sea
menbers Al and A2 are provided to prevent |eakage of dielectric fluid in

t he wor ki ng tank when sliding up and down the novabl e franme nenbers 13 and

14. A guide rail GR runs along the

N | FIG.8
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drajnage gutter 19 to f orm al nost U-shaped horizontal cross:section- and =
further extends vertically on both ends of the drai nage gutter 19-to- QU|dea“ '
ends of walls S2 and S3 and to maintain the sealing perfornanceﬂof t he eﬁl ?
menbers Al- and A2. In addition, the guige_rail GR guides the- Iodkvng beﬁ% ---------- |
menbers H2 and H3 prOV|ded on ends of both side walls S2 ant™383;* o
respect i v RRE-TGIET | RIoKC TS ‘ hBPARAFVand H3 prevent the novable frane

menbers 13 and 14 frpm YéQQnEOEH@éFItGJBﬁ E‘@lb'&@sf |tw & priesswie so that the
fluid may not |eak out of the clearances betwee front wal

|s. In
addi tion, §$¥eERHECRYRPLOBf 2PRAKAEESof MRECWSPRCH Lﬂ iy fﬂl?sc?nt
aCCU”“'al€¥h¢@hth6ngﬂé1§teé9tﬂﬁh|w1re -cut electrical discharge

machining ("EDM") apparatus for machining a workpiece

submerged in a working tank that is filled with a
dielectric fluid.

It is known that there are two different types
of EDM apparatus for machining a workpiece in a working
tank by electrical discharges, that is, a die sinking EDM
apparatus and a wire-cut EDM apparatusﬂ

In a die sinking EDM apparatus for forming a
cavity of a desired configuration in the workpiece,
dielectric fluid is put into a working tank to submerge
the workpiece fixed on a work table in the working tank.
In a machining operation, a tool electrode having a three-
dimensional figure advances toward the workpiece from
above, along the Z axis. A door is generally provided on
the front wall of the working tank to accese the workpiece
and the tool electrode. However, the walls tend to impair
acceéssibility. Further, too much space is required to
open.and close the front door horizontally. If an
automatic pallet changer is used to carry out unmanned
machine operation for several days, the tank wall is
susceptible to obstacle to change the workpiece.

" U.S. Patent No. 4,712,288 to Lodetti et al. and
Japanese Laid-Open Patent Publication No. 61-270023
disclose a die sinking EDM apparatus having a working tank.
of which a rear wall is fixed and the other three walls
are a U-shaped unitary construction which can move
vertically to obtain free. access to the work table.

Japanese Lai&—dﬁen5batent Publication No. 2-
48113 discloses a die sinking EDM apparatus in which the
-worhing tank consists of a base container member and at
least one movable frame member whlch can move vertlcally.
The movable frame member moves 'down into the ‘base
contalner ‘member so that the ﬁour walls of the worklng

'tank can telescope as a Whole 1n a seallng relatlonshlp

i T “ﬁrﬁ



be di scharged through the outlet (not illustrated) disposed in a part of
the gutter 19. Pin guides Gl, & and G3 are provided on the out si de o
surface .of the partition walls D1, D2 and D3, respectively. : Sle ﬁﬁ s 3@@ |
P2 and P3 secured to a pantagraph 20 are slidably fitted to/the’ i Ag%i ------ ot
Gl, & and G3, respectively. That is, the pantagraphs 20 are attached to

both sides of the worjing &ﬁﬁg—@uﬁhﬁ@MQQpﬁgﬁaﬁusdetﬁénﬁoPﬁpleaeamQ P3. A
pantagraphtgrlniqglneans 21 is grQV|ded on

work stand i1n the worklng tank movable in a

‘horizontal plane, a lower arm extends into the working
tank through an opening of one of the walls thereof and an
uppef-arm is positioned above the lower arm. An electrode
wire travels between an upper wire guide block and a lower
wire guide block which are mounted on ends of the upper
arm and the lower arm, respectively. The electrical
diécharqes occur between the travelling wire and the
workpiece through the dielectric fluid controlling the
movement of the working tank along the X and Y axis.
Since in the wire-cut EDM apparatus, a water or a water
solution is used as a dielectric fluid, so-called
"submerged machining" in which the workpiece is submerged
in the workpiece during machining, for preventing rust, is
generally desirable. _ | '
Like in a die sinking EDM, the tank walls of a
wire—cut EDM apparatus impair accessibility when loading
the workpiece onto the work stand and vertically aligning
the electrode wire for preparation of machining.
~Japanese Laid-Open Patent Publication No. 2-
298435 discloses a wire-cut EDM apparatus in which three
tank walls of the front and both sides inciude a bellow to
move vertically by expanding and contracting the bellow.
However; this apparatus originally does not allow the
submerged machining. ' When filling the working tank with a
dielectric fluid, the tank walls of a bellow will expand
with unsteady construction.
An object of the present invention is to provide
a wire-cut electroerosion apparatus which allows easy
access to the workpiece and the electrode wiré. '
It is another object of the invention to provide
a wire-cut electroerosion apparatus with improved'
machining efficiency.
It is further an object of the invention to -
provide a W1re cut electroer951on apparatus in which walls
- of a worklng tank éan'hove vertlcally w1th hlgh prec151on
in ‘a seallnq relatlonshlp -



out,si de fof the pantagraph 20. The pantagraph driving neans 21 includes a
frame 22 supported on the base of the base container nenber: -a-ball oo
screw 25 supported by the frame 22 through bearings 23 and 24 anﬁegb&&gﬁgig
menber 26 spirally engaging with the ball_screw 25. The housﬁng s
is connected to a cross portion of the pantagraph 20 t hrougha Tink prn 27—
The housi ng menber 2Bt hbtsa’ @PbRFE @éréﬂﬁnaﬂVFBtHBVet?ePFPEaﬁPyaas t he

bal | SCfeV\hJZtgé-r&i@-t@Bectlfbé'f'd)§16ﬁb99ﬂ>§?£|{:usalHDCJHhh‘!’ﬂeQE138, b Gittingly
secured to a Iomeregﬁkt of the ball, scr g shaft 30 is

Sty A isPainso thA
provi ded iPTREY] SPRIMPYR YRERECLLY AWEERRISg tBRgRER gt&tr1the wor m

wheel 28 ipréviee am dd@ditional space and mechanism for hou51ng the
lowered walls.

L.___.__.__..:'.'.:i !

It is further an object of the invention to

provide a wire-cut electroerosion apparatus in which walls
. of a working tank can move vertically as required,
notwithstanding the relative positicn'of the working tank.

Additional.objects and advantages and novel
features of the invention will be set forth in part in the
description which follows, and in part will become
apparent to those skilled in the art upon examination of
the following or may be learned by practice of the
invention. The objects and advantages of the invention
may be realized and attained by means of the
instrumentalities and combinations particularly pointed
out in the appended claims.

A general aspect of the present invention is the
provision of a wire-cut electroerosion apparatus having an
electrode wire for machining-a workpiece, comprising a
working tank for containing a dielectric fluid and having
at least one wall with an opening therein, and a lower arm
which is supported at one end on the outside of the
working tank, extending through the opening and the tank
being movable relative to the lower arm in a sealing
relationship. The working tank consists of a base )
container member including a rear wall formed at the rear
side with the opening therein and a low wall formed at the
other three sides which is lowered below the base of the
workpiece so as to create an unclosed space, and at least
one movable frame member slidable‘vertically for covering
the unclosed space. The apparatus further comprises a
lifting device for lifting and lowering the movable frame
member.

' In accordance with a preferred embodlment of the
present 1nvent10n, the lifting device comprlses a- _
pantagraph having siide pins slidapLY'fittéd-tc pin-quides



driying shaft 30. Then, the ball screwis rotatively driven by turning the . .
driving shaft 30 through the worm wheel 28 and worm 29. Fiig. 3 'shows a B
hori zontal cross section of the working tank 6 and a power tr.anspission
mechani sm for actuating the pantagraph griving neans 21. 'As__.s_'ho,\l\ﬁ?iﬁg' L OE .
3, the pantagraph driving neans 21 are di sposed on both sides of Phe =i |
wor ki ng t @EFSNed o ? v HGS e bt S 32F | Ehpr BIFBeBONRALRELY MEMRREY 28 t he
¥\Drk: _n]g F&[}keﬁgé‘(lbaBBéYEraﬁﬁameﬂbéﬁi pgr POYVEL i RGUAGA (%Bw%ﬂiin?iitﬂ%bdew ce 31
or lifting a oyering the nmovahl e fr nmenber.s an : reover,
mul tiple ?Y/?n%’ges}iﬁg?‘l‘% '%ma?e'lﬁﬁ{l%di?/\?ﬁ“?hggarlf:\?i %b‘r &r 32 through
uni ver sal ¢onpt $s88 andabtwglaph driving means connected to the
pantagraph through a link pin for vertically expanding and

contracting the pantagraph and an actuating device for

" actuating the pantagraph driving means.

Preferably, the pantagraph driving means
comprises a frame, a ball screw rotatably and vertically
supported by the frame and a housing member spirally
engaging with the ball screw and engaging with the link
pin,.so that the housiﬁg member can move vertically as the
actuating device drives the ball screw.

Preferably, the housing member is guided by the
frame through a plurality of guide rollers to thereby
maintain the pantagraph upright against a bias load
applied thereto. ' -

The base container member advanﬁégeously
"includes a guide rail for'guiding the movable frame
member.

Further, the movable frame member may include a
locking bent part for locking the movable frame member to
the base container member through the guide rail against
the fluid pressure in the tank. _

Embodiments of the preseht invention will now be
described by way of example only, with reference to the

| following drawings, in which;

Fig. 1 is an exploded perspective view showing
the working tank and the lifting device of the present
invention; ' '

Fig. 2 is a perspective view showing the whole
of the wire-cut electroerosion apparatus of the present
invention; _

Fiq. 32 is .a horizontal sectional view of the
working tank for the wire-cut electfoerosion_apparatus of"-
the'bresent {nvention; _-_ '_ B o

Fig. 4;iSva_crbésrsectional*front view.of the

. working tank for the wiréﬂéut'electfoerOSien appératus of



gears 34 operably to transnit the power, surrounding both 5|desandthe
rear . of the working tank 6. Therefore, ball screws 25 of both pantagraph .
driving neans 21 are rotatively driven through the driving Shaﬁ;stggﬁu 1368 4

T X )
29 and wor m wheel s 28 by running the - sdrive notor 32. Thelconsithction=oF—

an-arm passage portion 35 for the lower arm15 is best shown in Fig. 3. A
horizontaﬁﬁvaéygﬁﬁﬂgﬂ OPETR NP6 is formed in the rear wall RL of the base
cont ai ner nenber 12.FAysl$dis®ngaptide€s-sectional side view of the

working tank for the wire-cut electroerosion apparatus of
the present invention;

Fig. 6 is a cross-sectional front view of a
pantagraph driving means of the present invention; and

e Fig. 7 is a cross-sectional side view of a
pantagraph driving means of the present invention;

_ Fig. 8 is a cross-sectional view showing a
locking member in another embodiment.

Embodiments of the present invention are
described hereinafter with reference to the drawings. An
aspect of this invention is a construction for lifting a
working tank, however, for easier understanding, the wire-
cut electroerosion apparatus of the present invention in
whole is described first.

Fig. 2 shows the whole of a wire-cut
electroerosion apparatus of the present invention. The
wire-cut electroerosion apparatus 1 consists of a machine
body 2, a dielectric fluid supply device 3 and a power
generator 5. The machine body 2 includes a bed 4 placed
forward and a column 4a. A cross table (not illustrated)
is provided on the bed 4. A working tank 6 is overlaid on
the cross table movably in a horizontal plane including
orthogonal X and Y axes. A wire feeding device 7 is
secured on an upper part of the column 4a and projects
forward. An operation pénel 8 is suspended forward by a
pivotal pendant afm 9 from the crest of the power
generator 5. A plurality of work stands 10 are provided
in the working tank 6. A workpiece 11 to be machined is
fixed on an upper surface of the work stands 10.

_ The working tank 6 consists of a base container
member 12, a first movable ffame member 13 and a second
movable .frame member 14. The base container member 12
includes a rear wall havirg an opening therein and a lower
_arﬁ 15 pésses'therethrough. The base container member 12
also includes.a low:Wa;l-onmthree'other sides whiqh is

. lower than the rear wall and is préferébly lower than a



37 govers the opening 36 fromthe outside and is slidable in“the X- axis ,
direction with respect to the working tank 6. The sliding plate ai has a '
t hrough hole 38 at or about its centre for the passage of the lo 5 4U3‘I§6
Seal nmenbers 39 are provided between the opening 36 and the sliding plate-...
37 and between the sliding plate 37 and®the lower arm 15. Due to this

contsaru;:(tl@ag therueekbhg thankogkardahbe hovweo aalwnl@&amdma elmt i vel y
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di.rectio alnln seall atl nshlp
Addi ti onal Vwafﬂe 8F§|ﬁé885p|t%%f |§r5%oﬁpﬁe |ﬁth A5k 6 for
dlscharglngemberdleBeahd|a4fhmedslAﬁabdett@h@w@se1uﬁq;opﬁnﬂdgadnﬁﬂ?
cont ai ner g@ngﬁg %%s%n@o%QSi ¥amé%5%Qaqg.nenbers 13 and 14 can be

The lower arm 15 is fixedly supported at one end

by the column 4a and a lower wire guide block 17 for
guiding an electrode wire 16 'is mounted oh the other end
of the lower arm 15 inside the working tank 6. An upper.
wire guide block 18 for guiding the electrode wire 16 is
mounted on an upper arm (unnumbered) below the wire
feeding device 7. .

In preparing for machining, the workpiece 11 is
fixed on the work stands 11 in the working tank 6. The
movable frame members 13 and 14 are lifted up to close the
opening space of the base container member 12. The
working tank 6 is then filled with a. dielectric fluid to
submerge the workpiece 11 therein, and the electrode wire
16 is strained between the upper and lower wire guide
blocks 18 and 17 through an initial hole pre-pierced in
the workpiece 11. '

Next, an electrode wire 16 is continuously fed
from the wire feeding device 7 and electrical discharges
occur in the machinihg gap formed between the travelling

. wire and the workpiece 11 in the dielectric fluid. The
workpiece 11 is machined by the electric discharges and
then shaped into the desired configuration by moving the
cross table in the X- and/or Y- axis directions along the
machining path.

The dielectric fluid supply device 3 is a
storage tank and serves to maintain a resistivity of the
fluid and to remove machined chips from the machining gap.

The conétruction of the working tank 6 and a
lifting device for lifting up the movable frame members 13
and 14 will now be described. _

Fig. 1 (a) shows a part of the werking .tank 6
and the llftlng dev1ce Fig..l (b) shows enLargedly.a.
guide ra11 ‘section. ' '

R The base contalner member 12 1nc1udes a tall



tel escopically overlaid on each other. The drainage gutter 19 fQLned—-—---—--—“““‘_f:ff:"g‘
between side walls S1, S2 and S3 and the partition walls DL; . DZ apd D3 H
collect the fluid rising above the predeterm ned fluid Ievel“as ‘shown by, % |
the arrow f. The pantagraph 20 and the pantagraph driving means., 24 s 15&3 \r\g |\
provi ded on the inside of the covers Kl, K2 and K3. The pi n.g i des- Bl
and G3 at tr3edakk R} hea off@ndevali f Btesaps vaélpaPfi Pr&h WwARES 91 D2 and

D3 are sl quﬁblﬁlr&mam@mwnhamemdsgﬁpsstbz«sensgude PaNIsPs1 BZeandwBE
secured tq the Bantagraph 20, 10F PAOT BOIRPD: 20050 18008 ¢hedetg bigaousi ng
out forward and toward both sides. A partition wall D1 is
provided on the outside of the front wall F1 and both side
walls S1 to form a U-grooved drainage gutter 19. Further,

covers K1l are provided on the outside of both sides of the
partition wall D1 and the covers K1 and the partition wall
D1 are spaced from each other. -

The first movable frame member 13 is formed in a
U-shape to partly cover the unclosed space of the base
container member 12. This first movable frame member 13
comprises an inner wall consisting of a front wall F2,
both side walls S2 and locking bent parts H2. The first
movable frame member 13 further comprises a partitién wall
D2 for enclosing the inner wall in spaced relation, and a
cover K2 for enclosing the partition wall D2 in spaced
relation. As best shown in Fig. 4, for the inner walls F2
and S2 and the partition wall D2, their bases are
interconnebted here and there to form a narrow U-shaped
groove. This U-shaped groove can telescopically enter
into between the inner walls F1 and S1 and the partition
wall D1 to form a part of the U-grooved drainage gutter 19
of the base container member '12. 1In addition, the cover
K2 covers over the outsides of the covers K1 of the base
container member 12. '

The second movable frame member 14 has almost
the same construction with the first movable frame mémber
13 and is formed in a U-shape to cover the unclosed space
of the base container member, as a whole. This second
movable frame member 14 comprises an inner wall consisting
of a front wall F3, both side walls S3 and locking bent
parts H3. A partition wall D3 is provided on the outside
of one of the walls S3. A cover K3 is provided on the
outside of the front wall F3, the other of walls S3 and
the.partition.wall D3 in spéced relatioh ?or'oné of
walls S3 and the partition wall ‘D3, their bases are

‘1nterconnected to form a narrow U-shaped groova - ThlS'U‘



nmepber 26 of the pantagraph driving means 21 through the link pin 27 on 't he;
opposite side of theslide pins P1, P2 and P3. Fig. 5 is a cross- sectional - j
side view of the working tank 6. As best shown in Fig. 5, the p|1r§%gqugﬁ
Gl, & and G3 are provided forward and backward on the base: :
contai ner nenber 12, the novable frane $refibers 13 and 14, respectlvely The”
sl i de pimsﬂﬁpeiﬂgﬁﬂdvéecanetseéﬂteﬁlt@lly enter into between the

side wall S2 and the partition wall D2 to form an upper
part of the U-grooved drainage gutter 19. The cover K3
covers over the upper part and the outside of the cover K2
of the first movable frame member 13 when it is lowered.

The base container member 12, the first movable
frame member 13 and the second movable frame member 14
form the working tank 6 of which all sides are enclosed by
tall walls by sliding up the movable frame members 13 and
14. The base container member 12, the first frame member
13 and the second movable frame member 14 can be
telescopically overlaid by sliding down the movable frame
member 13 and 14 thereby to form the working tank of which
walls on the three sides are lowered.

A seal member Al is attached on to the outside
surface of the inner walls S1 and F1 of the base container
member 12 while a seal member A2 is attached onto the
outside surface of the inner walls S2 and F2 of the first
movable frame member 13. These seal members Al and A2 are
provided to prevent leakage of dielectric fluid in the
working'tank when sliding up and down the movable frame
members 13 and 14. A guide rail GR runs along the
drainage gutter 19 to form almost U-shaped horizontal
cross section and further extends vertically on both ends
of the drainage gutter 19 to gﬁide ends of walls 'S2 and S3
and to maintain the sealing performance of the seal
members Al and A2. In addition, the guide rail GR guides
the locking bent members H2 and H3 provided on ends of
both side walls S2 and S3, respectively. The locking bent
members H2 and H3 prevent the movable frame members 13 and
14 from moving forward due to the fluid pressure so that
the fluid may not leak out of the clearances between the
front walls.

In addition, in the event of leakage of the
‘working fluid, the fluid accumulated in the.gutter 19 will
be discharged through the outlet (not illustrated)
dlsposed in a part of the qutter 19.° . _

' ' ' Pln quldes Fl G2 and G3 are prov1ded on the



the ends and joint portions of the pantagraph 20 and can ane .o respect4we
pin guides Gl, & and G3, as shown by-the arrow m The Ilnk pin 27 is
rollably secured to the housing nenber 26 and is engaged1 Wott thgro&mgsiggﬁi
portion of the pantagraph 20. As the- h9u5|ng menber 26 noes=vertHTarty

A e & T N S A R VA
slide up aedpdohmvemyhorBiddbabhwss@ppomme@ndﬂﬁﬂ|Sﬁcuhﬁﬁttpﬁme action of
Lhe L1 94bless@lonG2020d <08 130duhle Stk RP'uilshp i Atk oS shove 11

and G3, respectlvely That is, the pantagraphs 20 are

attached to both sides of the worklng tank 6 through the

slide pins P1, P2 and P3.

A pantagraph driving means 21 is provided on the
outside of the pantagraph 20. The pantagraph driving
means 21 includes a frame 22 supported on the base of the
base container member 12, a ball screw 25 supported by the
frame 22 through bearings 23 and 24 and a housing member
26 spirally engaging with the ball screw 25. The housing
member 26 is connected to a cross portion of the
pantagraph 20 through a link pin 27. The housing member
26 houses a ball screw nut to move vertically as the ball
screw 25 rotates. .

In this embodiment, a worm wheel 28 is fittingly
secured to a lower part of the ball screw 25. A driving
shaft 30 is provided in the vicinity of the frame 22. &

- worm 29 engaging with the worm wheel 28 is fixed on the
driving shaft 30. Then, the ball screw is rotatively
‘driven by turning the driving shaft 30 through the worm
wheel 28-ahd worm 29.

Fig. 3 shows a horizontal cross section of the
working tank 6 and a power transmission mechanism for
actuating the pantagraph driving means 21. As shown in
Fig. 3, the pantagraph driving means 21 are disposed on
both sides of the working tank 6. A driving motor 32 is
provided in the vicinity of the working tank 6 to se¥rve as
a driving power source of a lifting device 31 for lifting
and lowering the movable frame members 13 and 14.
Moreovef, multiple driving shafte 30 are linked with the
driving motor 32 through universal joints 33 and bevel

l gears 34 operably'to transmit the power, surrounding both
sides and the rear of the worklng tank 6.

Therefore, ball screws 25 . of both pantagraph .

drdiving means.21 are rotatlvely dr1ven through the driving.

'shafts 30, worms 29 and Worm wheels 28- by runnlng the



m passage portlon are gui ded by pl ate hol di ng nenbers 42 A dam- 43" an&ﬁa
dan1supporter 44 are provided on the outside of the slldlng pl ate 37 to _

prevent the entrance of the unwanted substance. Next, théi ¢onst.
t he pantagraph driving neans 21 wl|l

to Fig. 6
fixed on t
support ed

and 7. The pantograph drivi-ngOneans 21 incl udes the fra

%p ¥€ ?gg tggk 6. The ball screw 25 is.uprightly a
y

rane

be described in detak{ S\ reFerence*
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2 through the bearings 23 and 24. A worn1mhee| 28

is secured to a | oweFNPaFPNEErufEipgA| PLsBPedt P5PAPRAIRORSE T ORerter 26

housi ng a

bet| ther evwvapt agRi 8l ¥ BEgageRokAein Fig. 3. A
horizontally extended opening 36 is formed in the rear
wall R1 of the base container member 12. A sliding plate
37 covers the opening 36 from the outside and is slidable
in the X- axis direction with respect to the working tank
6. The sliding plate 37 has a through hole 38 at or about
its centre for the passage of the lower arm 15. Seal
members 39 are provided between the opening 36 and the
sliding plate 37 and between the sliding plate 37 and the
lower arm 15. Due to this construction, the working tank
6 and the lower arm 15 can .move relatively in the X- and
Y- axis directions, maintaining sealing relationship.

Additionally, the drainage pit 41 is provided in

~ the working tank 6 for discharging the dielectric fluid.

As best shown in Fig. 4, the base container
member 12 and the movable frame members 13 and 14 can be
telescopically overlaid on each other. The drainage
gutter 19 formed between side walls S1, S2 and S3 and the
partition walls D1, D2 and D3 collect the fluid rising
above the predetermined fluid level as shown by the arrow
f. .

The pantagraph 20 and the pantagraph driving
means 21 are provided on the inside of the covers K1, K2
and K3. .

The pin guides Gl1, G2 and G3 attached onto the
outside surfaces of the partition walls D1, D2 and D3 are
slidably engaged with the respective slide pins P1, P2 and
P3 secured to the pantagraph 20.

The pantagraph 20 is connected to the hou51ng
member 26 of the pantagraph driving means 21 through the

link pin 27 on the opposite side of the slide pins Pl, P2

and P3.
Fig. 5 is a cross-sectional side view of the
working tank 6.

“'As best shown in F1q 5, the p1n quldes Gl, G2

'and G3 are. prov1ded forward and backward on the base.



bal,l screw 25 above the mofn1mhee| 28. The housi ng nmenber 26 incIudes'-
Y-direction guide rollers 45 and X-direction guide rollers 46 for {5

mai nt ai ni ng the pantagraph 20 upright against a bias |load fromthe d@aﬁqu;”'”'

wei ght since the novable frane menbers,33_and 14 are U shaped.  -The
Y-direction guide rollers 45 consist of a pair of rollers which are .
rol | i ngl y RUHiEEI kel 1 Anekhaurpyebieofrene PeRRers213 #Rd Péir of

rollers aredgyetiveiy. thendi 8ki@énp2hsspit hab bhe pankagr aekuz@amey be
nalntalnedkklréggg SQSJ?Sinétﬁoﬁggéné”thghg'géﬁ g%iggh'zo and can
move in respective pin guides G1, G2 and G3, as shown by
the arrow m. .

The link pin 27 is rollably secured to the
housing member 26 and is engaged with the cross portion of
the pantagraph 20.

As the houSinq member 26 moves vertically

" through the rotation of the ball screw 25, the pantagraph
20 vertically expands and contracts. Therefore, the
movable frame members 13 and, 14 can slide up and down in
horizontally supported relation due to the action of the
pin guides G1, G2 and G3 and the slide pins P1, P2 and P3.

As shown in Fig. 5, the sliding plate 37 in the
arm passage portion are guided by plate holding members
42. A dam 43 and a dam supporter 44 are provided on the
outside of the sliding plate 37 to prevent the entrance of
the unwanted substance.

Next, the construction of the pantagraph driving
means 21 will be described in detail with reference to
Fig. 6 and 7. , '

The pantagraph driving means 21 includes the
frame 22 fixed on the working tank 6. The ball screw 25
is uprightly and rotatably supported by the frame 22
through the bearings 23 and 24. A worm wheel 28 is
secured to a lower part of the ball screw 25. The housing
member 26 housing a ball screw nut spirally engages the
ball screw 25 above the worm wheel 28. The housiﬁg member
26 includes Y-direction guide rollers 45 and X-direction
guide rollers 46 for maintaining the pantagraph 20 upright
against a bias load from the dead weight since the movable
frame members 13 and 14 are U-shaped. -

The Y-direction guide rollers 45 consist of a
pair of rollers which are rollingly contacted to the inner
surfaces of the frame 22. The pair of rollers are levél

" with the link pin_éV 50 -that the péntaqraph 20 may be: - -~
maintained upright éqainét its'fall %n'the Y-directién; B



- 12 - As best shown inn Fig. 7, the X-direction guide roIIers 46 con5|st of
two pairs of rollers. One pair of rollers are level and are rolly g} e
contacted to the surface of the frame 22 facing the pantagraph ..... §®¢$¢r
other pair of rollers, level with each,gther, oppose one pai’T ot roi}ers """" L
W th respect to the frane and are rollingly contacted to the surface of the
frame 22 facing the AdvkesKishdke [evBig.of.thbheeXtdbrpationofjuidel ers are

vertical |l y-Of { S8 - 4 TNk EN4 £ Eo Pf tiHepAPHST B %sts% 6aRNBaLedolko the
link pin 27 experiences nonents 1 nposed through the link pin 27 by the tank

wei ght | odeRHL %S t e pl eVl ¥Rd @ranso BBinghy xonFpeELFokOgtihge rol | ers
surface of the frame 22 facing the pantagraph 20. The

other pair of rollers, level with each other, oppose one
pair of rollers with respect to the frame and are
rollingly contacted to the surface of the frame 22 facing
the cover Kl1. The levels of these two pairs of rollers
are vertically offset. The centre of the housing membker
26 connected to the 1link pin 27 experiences moments
imposed through the link pin 27 by.thé tank weight loaded
to the pin guide G2 and G3. The X-direction guide rollers
46 resist the moments to thereby maintain the pantagraph
upright against its fall in the X-direction. 1In addition,
the housing member is stably guided by the frame 22
through the guide rollers 45 and 46 so.that an excessive
radial load may not be imposed between the ball screw 25
and the ball screw nut.

Based on the above construction, the operation
of the wire-cut electroerosion apparatus 1 of this
embodiment will now be described. '

As described ébove, for the base container
member 12 of the working tank 6, the front wall F1 and
‘most of both side walls S1 are lower than the top surface
of the work stands 10 for fixing the workpiece 11 to
thereby open out forward and toward both sides. A tall
rear wall Rl including the opening 36 for the passage of
the lower arm 15 can move relatively to the lower arm 15.
The first and second movable frame members 13 and 14 are
formed in a U-shape. The movable frame members can slide
up to cover the unclosed space of the.base container
member 12 and can slide down to telescopically overlay
upon the low walls F1 and S1 of the base container member
12.

Thus, the movable frame members 13 and 14 will
not 1nterfere with the lower arm, 15 when they are lowered.
As 'soon as the d1electr1c f1u1d is dlscharqed after

machining, ‘the poyaple frame members 12 and 14 are lowered '



46 resist the nonents to thereby maintain the pantagraph uprlght a§§$yEﬁG'@95
its fall in the X-direction. In addition, the housing nmenber:is. st

gui ded by the frame 22 through the guide rollers 45 and 46 so. that -an
.excessive radial |oad nmay not be inposed between the ball screw 25 and the
bal | screw nut. Based on the above constYdction, the operation of the

Wi r e-cut e$@ctb®ér@Bﬁoﬁrappaaadubothoéluhlwa&&bo@fn&Mb\Mdﬂk oW are be
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wor ki ng t ank the front wal most th si'de Wa are | ower
t han the t%‘bt‘éuﬂ%é dFcefe ®er khet Hﬁ§§9190?0r15f |eﬂa|bd-eld1e Mrthm @re 11 to

operator changes the workpiece 11 and fixes it on the work
stand 10, the dielectric fluid.can be filled at the same
time of lifting the movable frame members 13 and 14 to
restart machining immediately. Machining efficiency is
improved.

As will be apparent from this embodiment,

~multiple sets of the pantagraph 20 and the pantagraph
driving means 21 are provided and these sets are
synchronized by a single drive motor 32. Also, the
multiple movable frame members 13 and 14 can be supported
at a'plurality of fulcra and can move vertically.
simultaneously in horizontally supported relation.

' ' Moreover, in this embodiment, the housing member
26 of the pantagraph driving means 21 is guided by the
frame 22 through the Y-direction guide rollers 45 and the
X-direction gquide rollers 4s6.

The locking bent member and the guide rail for
guiding the locking bent member is not limited to the
embodiment shown in Fig. 1. As shown in Fig. 8, a locking .
member 61 having a bent portion at its end may be fixedly
provided on side wall S1 of the base container member 12.
A guiding member having guiding grooves 62 and 63 is
fitted inside the locking member 61. The side wall S2 and
S3 of the movable frame members 13 and 14 are guided by
the guiding grooves 63 ‘and 62, respectively. A stopper 64
is fixed on the outer surface of the side wall S3 so as to
engage with the bent portion of the locking member 61.
Seal members Al and A2 are provided among side walls S1,
S2 and S3. 1In this arrangement, the movable frame members
13 and 14 are prevented from'moving forward due to the
fluid pressure.

. The foregoing description of preferred
embodiments of the invention have been presented for
_:purposes of 1llustrat10n and descrlptlon. It is not

lnpended_po be_exhaustlve or to_leltnthe inyéﬁpion;to_;hélf.



t her eby open out forward and foward both sides. A tall I ear =wat=Rir-=rsmmsmarm
i ncl udi ng-the opening 36 for the passage of the |ower arm 1REFAACHDVE" Tl :
relatively to the lower arm15. The first and second novable frang ngg@eﬁﬁn 1
13 and 14 are fornmed in a U shape. The novable frame marrbers “gan. s§4 P |'
to cover the unclosed space of the basel4&ontai ner nember 12<afeEaA~STT el

down to tebpae9BeCeblh QY&U1R8%eURORNNSHVAWWMl Snarly afth i3l Qft i base
cont ai ner nenber 12. .Thus, the anabIe frame nénmbers 13 and 14 will not

interfere RPPhVAREALIRBE 32X POSHHOL e Aey thee Jighs: &f e aRAVers the

dielectri ctbbuhdnlgs dirsehaxgmb 1af,t @hemactikpitte ey By aldEl ddeate menber s
13 and 14 ah%oma 1caq1y or semi- automatlcally by assoc1at1ng a '
conventional NC controller, the dielectric fluid supply

device and the lifting device. After machining, the

movable frame members may be automatically lowered at the
same time as discharging of the dielectric fluid. The
workpiece may be replaced manually or by an automatic
pallet changer. After detecting the end of the workpiece
change using a sensor, the dielectric fluid may be
supplied into the working tank at the same time as
automatically lifting the movable frame members.
Machining can then restart.
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Hﬂsmmqﬁmm,

A wire-cut electroerosion apparatus having an

electrode wire (16) for machining a workpiece (11) and
comprising; a working tank (6) for containing a dielectric
fluid, having at ieast.one wall with an opening (36)
therein; an arm (15) which is supported at one end on the
outside of said working tank, extending through said
opening and said tank being movable relatively to said arm
in a sealing relationship; wherein said working tank
includes a base container member (12) including a rear
wall formed at the rear side with said opening therein and
a low wall formed at the other three sides which is
lowered below the base of the workpiece so as to create an
unclosed space, and at least one movable frame member
(13;14) slidable vertiéally for covefing said unclosed
space; and wherein said-apparatus further comprises a
lifting device (31) for lifting and lowering said movable
frame member. . _

2. A wire-cut eléctroefosion apparatus as claimed
in Claim 1, wherein said lifting device comprises a
pantagraph (20) for lifting and lowering said movable
frame member through pin guides (G1,G2,G3) secured to side .
walls of said base container member and said movable frame
member and slide pins. (P1,P2,P3), a pantagraph driving
means (21) for vertically expanding and contracting said
panta@raph through a link pin (27), and an actuating
device (32) for actuating said pantagraph driving means.
3. A wire-cut electroerosion apparatus as claimed
in Claim 2, wherein said pantagraph driving means
comprises a frame (26), a screw (25) supported by said
frame and rotatable by said actuating device and a hoﬁsing
member (22) spirally engaging with said screw and engaging
with said link pin, said housing member being ascendable
and descendable through rotation of said screw.

4. .. A wire-cut electroerosion apparatus as claimed
in Claim 3, wherein the housing member is guided by the
"frame through a piufality of rollers-(45{4§)'to-thereby
haiﬁtéin the pgntéqtéphldp;iqht'aﬁains£ a_Bias load -



multiple sets of the pantagraph 20 and the pantagraph drivi ng§ fiéans, 21 are.. i

i

provi ded and these sets are synchronized by a single driveijjnb

________

the nmultiple mvablﬂummmm“ﬂljls and 14 can be ~supporﬂe;.d_1b_,gt 16 AUC 1073 ‘
plurality of fulcr rtically simultaneousl yjiii harizantally " !

supported rel ation..*MfeoVer" i*n f'his-epbodi ment, the housing nenber 26 of
t he pantag%%pq&qg\@ ng. eans 21 is guided by the frame 22 through the
Y-direction~guide rollers 45 and the X-direction guide rollers 46. The
| ocki ng bemst. nenber a@ndvidee-quti del ectitodnrs ppn dAprArdtus ogki nyabead nenber

:ECE?;glinuﬁp%ﬂyjéﬂgad¥ﬁ%ﬂg'H?Ecéﬁ¥ﬁ¥‘éfhfﬂ@'wﬂeré§nsggfﬁ bRsEl Q- 8, a
container member includes a guide rail (GR) for guiding.
said movable frame member.

6. A wire-cut electroerosion apparatus as claimed
in Cclainm 5, wherein said movable .frame member includes a
locking part (H2,H3) for locking said movable frame member
to said base container member through said guide rail

against the fluid pressure in said tank.



menber 61 having a bent portion at its end may be fixedly_p[Q_\./_i.___:ol,_e_cl._..,c_).n._,s.i_dga\.-.—.-_:-.-.-:i
wal | S1 of the base container menber 12. A guiding nmenber ‘having guiding 3
grooves 62 and 63 is fitted inside the |ocking nenber 61. The'5|dﬁ ggue ﬁﬁﬁ ﬂ
and S3 of the novable frane nmenbers 13 and 14 are guided by the g 5 .
grooves 63 and 62, respectively. A stopper 64 is fixed on the outer surface
of the side wall S3 so as to engage with,the bent portion of t he | ocki ng
menber 61. Seal menbers Al and A2 are provided anong side walls S1, S2 and
S3. In this arrangenent, the novable frane nenbers 13 and 14 are prevented
fromnoving forward due to the fluid pressure. The foregoing description of

preferred WIRE-CUT ELECTROEROSION APPARATUS

ABSTRACT

A wire-cut electroerosion apparatus comprising a
working tank (6) for containing a dielectric fluid having
at least one wall with an opening (36) therein, and a
lower arm (15) which is supported at one end on the
outside of the working tank, extending through the opening
and the tank being movable relatively to the lower arm in
a sealing relationship. The working tank consists of a
base container member (12) and at least one movable frame
member (13,14). The base container member includes a rear
wall with the opening therein and a low wall formed at the
other three sides which is lower than the base of the
workpiece. The movable frame member can be lowered using
a pantagraph (20) to thereby easily access the workpiéce
and an electrode wire.

FIGURE 2



embodi ments of the invention have been presented for purpOSES - OFf . rmir- rm -
illustration and descri.ption. It is not intended to be exhalistiVé or to 1
limt the invention to the - 14 - precise formdisclosed, and obnggg&yn,ﬁ

many rodifications and variations are possible in the |ight. of. tiHe abové " -
teachi ng. -For exanple, the workpiece may be replaced automatically or
sem -automatically by associating a conventional NC controller, the

dielectric fluid supply device and the lifting device. After machining, the
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mov,abl.e.frame nmenbers may be automatically |owered at the same~ti#He" as~*5:“

di scharging of the dielectric fluid. The workpi ece may be replaceibganug 5
or by an automatic pallet changer. After detecting the end of the ? et

change using a sensor, the dielectric fluid may be suppliedinto-the
working tank at the sanme time as automatically lifting the novabl e frare”
menbers. Machining can then restart. CLAI M5 1. A W re-cut

el ectroerosi on apparatus having an

2[7

FIG.2 e
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el ectrqde wre (16) for nachlnlng a workpiece (11) and cont '“'jﬂx:;g o
wor ki ng tank (6) for containing a dielectric fluid, having)dt-1east" oﬂe HEET
wal | with an opening (36) therein; an arn1(15)-mhich S suﬁ rted1 (P
end on the outside of said working tank, extending throughj Qé_d “open lng an
said tank being novable relatively to said armin a sealing relationship: .
wherein said working tank includes a base container nenber. (12) i ncluding

a rear wall fornmed at gfiare side with sai nlng therein and a | ow
wal | formed at the odﬁ si des which i Iomered bel ow t he base of the

wor kpi ece so as to create an uncl osed space, and at |east one novable frane
menber (13; 14) slidablqswertically for covering said unclosed
™~ .
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space; ‘and wherein said apparatus further conprises a lifting.device (31) .:
for lifting and | owering said novable frane nenber. 2. A W re-cut
el ectroerosion apparatus as clained in Claim1, wherein said lifting de\ﬁU%e1096 i:=
conprises a pantagraph (20) for lifting and |owering said noyvabl e frg
menber through pin guides (Gl, R, R) secured to side walls of said. base -
cont ai ner nmenber and sai d novabl e frﬁ;rf zenber and slide pins (P1,P2,P3), a
pant agraph driving nmeans (21) for vef'tf/cally expanding-and contracting said
pant ograph t hrough a IinE:,B:lr(&/(Z ), and an actuating device (32) for
actuating said pantagrap means. 3. A wre-cut

el ectroerosi on apparatus as cl ai ned
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in C,aim2, wherein said pantagraph driving nmeans conpri ses affrané_(Zﬁ)i[é_;

screw (25) supported by said frane and rotatable by said actuating device

and a housing nenber (22) spirally engaging with said screm/and_enpggAUg 1596

with said link pin, said housing nenber being ascendabl e and descen

through rotation of said screw. 4. A wire-cut electroerosion

apparatus as clained in Caim3, mherein€§f§7housing menber s guided by
(143,

the frame through a plurality of rollers 46) to thereby maintain the
pant agr aph upri ght against a bias | oad

FIG.5
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appl red*t hereto. 5. A wire-cut el ectroerosion appar a}t Us-‘as T cliaied v |
I n any one of the preceding clains wherein said base contai'ner nenper

i'ncludes a guide rail (GR) for guiding. said novable franefnén%e%m.épggd ;@W_”
A wire-cut electroerosion apparatus as clainmed in Caimb5, wherein Saith—m==
novabl e frame nenber includes a | ocking part (H2,H3) for |ocking said

novabl e franme nenber to said base contai ner nenber through said guide rai
against the fluid pressure in said tank. é/77

"FIG.6
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