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(54) Apparatus for making a hol-
low die set

(57) An apparatus for making a hol-
low extrusion die set consisting of
male and female die member with
their respective shaped male and
female bearing surfaces spaced
apart and in a predetermined mat-
ing relationship from a solid male
and a hollow female die blanks (6,
11), respectively, is provided com-
prising: a wire-cut EDM electrode
head assembly (1) having a plurality
of wire guide members (1¢, 1d) for
spanning and axially transporting a
continuous wire electrode (3) in a
fixed U form path including a pre-
determined stretch (3a) of the axi-
ally transported wire electrode (3)
constituting an axially moving EDM
wire-cutting edge for the male and
female die blanks (6, 11); a first jig
member (5) for securely and inter-

changeably mounting the male and
female die blanks (6, 11) in a pre-
determined and fixed relative posi-
tion thereon; a worktable (4) for
securely mounting the first jig mem-
ber (5) thereon and being displacea-
ble relative to the wire-cut EDM
electrode head assembly (1); and a
second jig member (7) for securely
mounting on the male die blank (6)
when the latter is securely mounted
on the first jig member (5) in the
predetermined position for provid-
ing a reference surface to be en-
gaged by the predetermined stretch
(3a) of the axially transported wire
electrode (3) for machining the
male and female die blanks (6, 11)
in said fixed relative position.

The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
An apparatus for making a hollow die set

The present invention relates to an apparatus
for making mating male and female die mem-
bers in a hollow die set to be used for
extrusion-forming various sorts of tubing, alu-
minum sashes, frames and other products.
More particularly, the invention relates to an
apparatus for making a hollow extrusion die
set by wire-cut electrical discharge machining
(WC-EDM).

A hollow extrusion die set commonly con-
sists of a hollow female die member and a
solid male die member which are mated to-
gether to form spaced-apart extrusion bearing
surfaces shaped to determine the sectional
shape and dimension of extrusion-formed
products.

It is known that solid extrusion die sets are
efficiently and economically machined by an
existing numerical controlled WC-EDM ma-
chine. The art has recognized heretofore that
hollow extrusion die sets, however, are not
effectively machinable by these machines.
Thus, a hollow extrusion die set has hitherto
been prepared only by the extremely complex
and costly procedure which includes the step
of pre-machining the male and female die
blanks separately by electrochemical machin-
ing (ECM) or electrical discharge machining
(EDM) of sinking-type, followed by the steps
of assembling the separately machined die
blanks, heat-treatment, grind-finishing the
bearing surface again by EDM and finally
hand-finishing to a desired precision and final
finish.

Not only does the conventional practice of
making a hollow extrusion die set entail the
steps which are large in number and compli-
cated but it is quite problematical in that it
requires the provisional assembling of the
rough-machined die blanks before heat-treat-
ment and necessitates one or more electrodes
for EDM operations to provide the intricate
bearing surfaces. Furthermore, in a sinking-
type EDM process, a completely straight cut is
not obtainable and a taper is unavoidably left
on the bearing surfaces. This entails repeated
inspection and redressing steps and makes it
unavailable to provide separate sets of dies
which can be interchanged.

It is, accordingly, one aim of the present
invention to provide an improved apparatus
for making a holiow extrusion die set whereby
the difficulties and problems encountered in
the conventional practice are overcome.

Another aim of the invention is to provide
an improved technique for making a hollow
extrusion die set whereby die blanks can be
previously heat-treated and subsequently ma-
chined into a desired form and mating set
readily with a due precision and finish.

A further aim of the invention is to provide

an apparatus for making a hollow extrusion
die set, which is simple and yet allows die
blanks to be readily machined into the desired
die set with an extremely high accuracy and
surface finish economically.

In accordance with the present invention
there is provided a wire-cut EDM apparatus
for making a hollow extrusion die set consist-
ing of a male and female die member formed

75 with the respective (male and female) bearing
surfaces spaced apart with a predetermined
gap spacing in a predetermined mating form
and relationship, from a male and a female
die blanks, respectively. The apparatus in-

80 cludes a worktable and makes use of a wire-
cut EDM electrode assembly generally dis-
closed in GB Patent Application No.
14510/78 filed 13 April 1978, the assembly
being movable relative to the worktable and

85 having a plurality of wire guide members for
spanning a continuous wire electrode in the
path of a generally U form at an end portion
thereof and permitting the wire electrode to
axially travel along the U form path including

90 a predetermined stretch of traveling wire con-
stituting an axially moving wire-cutting edge.

In accordance with the invention, the appa-
ratus is provided for making a hollow extru-
sion die set of mating male and female die

95 members from male and female die blanks,
respectively. The male die blank comprises a
block having a central boss which in turn has
(near the top thereof) a flange portion to be
shaped to form the male bearing die surface

100 by the aforementioned axially moving wire
cutting edge of the wire-cut EDM electrode
head assembly. The female die blank com-
prises a cup-shaped block having a central
opening whose annular edge is to be shaped

105 to form the female bearing die surface by the
axially moving wire-cutting edge of the wire-
cut EDM electrode head assembly.

In accordance with the present invention,
the apparatus for making a hollow die set
110 consisting of a male and female die members
with their respective male and female die

bearing surface spaced apart from each other
in a predetermined shaped and mating rela-
tionship, from a solid male and a hollow
115 female die blanks, respectively, comprises: a
wire-cut EDM electrode head assembly having
a plurality of wire guide members for spann-
ing and axially transporting a continuous wire
electrode in a fixed path of generally U form
120 at an end portion of the assembly, the path
including a predetermined stretch of the axi-
ally transported wire electrode constituting an
axially moving EDM wire-cutting edge for the
male and female die blanks; a first jig member
125 for securely and interchangeably mounting the
male and female die blanks in a predeter-
mined and fixed relative position thereon; a
worktable for securely mounting said first jig
member thereon, the worktable being displa-
130 ceable relative to the wire-cut EDM electrode
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head assembly; and a second jig member for
securely mounting on the male die blank
when the latter is securely mounted on the
first jig member in the predetermined position
for providing a reference surface to be en-
gaged by the predetermined stretch of the
axially transported wire electrode for machin-
ing the male and female die blanks in the
fixed relative position.

The wire-cut EDM electrode assembly may
include a carriage and an arm rotatably
mounted to the carriage about an axis which
is coincident or in parallel with the axis of the
predetermined stretch of the axially trans-
ported wire electrode, the arm having the wire
guide members secured thereon.

The male die blank is typically in the form
of an annular block having a base flange and
a columnar base centrally projected therefrom,
the boss being formed near its top with an
outwardly projected annular flange to be
shaped by the wire-cut EDM electrode head
assembly to provide the male die bearing
surface. The female die blank is then typically
in the form of a cup-shaped block having a
cylindrical portion extending downwardly and
at its top portion a circular opening formed
with an inwardly projected annular rim to be
machined by the wire-cut EDM electrode head
assembly to provide the female die bearing
surface.

The first jig member may include a disk or
plate-form base and a central projection and
the second jig member may be in the form of
a cup-shaped block having a cylindrical por-
tion extending downwardly and at its top
portion an annular opening defined by a circu-
lar wall constituting the reference surface, the
upper rim of the projection of the first jig
member being shaped so as to be snugly
fitted with the lower end of the cylindrical
portion of the second jig member and with
the lower end of the cylindrical portion of the
female die blank.

The upper rim of the flange of the male die
blank is shaped so as to be snugly fitted with
the lower end of the cylindrical portion of the
female die blank and with the lower end of
the cylindrical portion of the second jig mem-
ber.

The first jig member may be formed verti-
cally through the projection with at least one
first hole and the male die blank may then be
formed vertically through its flange portion
with at least one second hole, the first and the
second holes being adapted to be registered
with each other and anchored together by a
pin. The first jig member is then formed
vertically through its base portion with at least
one further first hole and the female die blank
formed vertically through its cylindrical por-
tion with at least one third hole, the further
first hole and the third hole being adapted to
be registered with each other and anchored
together by a pin.

One embodiment of an apparatus according
to the present invention and the method of
using the same for making a hollow extrusion
die set will be described hereinafter with refer-

70 ence to the accompanying drawings in which:

Figure 1 is a diagrammatic and essentially
sectional view in elevation illustrating a wire-
cut EDM electrode head assembly, a male die
blank and a first and second jig members

75 constructed and assembled together in accor-
dance with the present invention;

Figure 2 is a cross-sectional view illustrating
the relationship of the reference surface of the
second jig member arranged and the male

80 and female die bearing surface machined in
accordance with the present invention;

Figure 3 is a diagrammatic and essentially
sectional view in elevation illustrating the step
of machining the male die blank mounted on

85 the first jig member with the wire-cut EDM
electrode head assembly in accordance with
the present invention; and

Figure 4 is a diagrammatic and essentially
sectional view in elevation illustrating the step

90 of machining the female die blank mounted
on the first jig member with the wire-cut EDM
electrode head assembly in accordance with
the present invention.

Referring to Fig. 1, a wire-cut EDM appa-
ratus embodying the present invention com-
prises a wire electrode head assembly 1 car-
ried by a stem 2, a continuous wire electrode
3 carried on the assembly 1, a worktable 4, a
first jig member 5 securely mounted on the
100 worktable 4 and in the form of a plate or disk

having a bored central projection 5a on which
is shown mounted a male die blank 6, and a
second jig member 7 which is cup-shaped
and shown mounted on the male die blank 6.
105 The wire electrode head assembly 1 has a
carriage 1a detachably secured to the stem 2
which is carried to be vertically movable by a
machine head (not shown), an arm 1b gener-
ally in a goose-neck form and secured to the
110 carriage 1a and a plurality of rotary and
sliding wire guide members 1cand 1d se-
cured to the arm 1b for holding the wire 3 in
such a manner that the wire is spanned and
allowed to travel axially generally ina U
115 shaped path on the assembly 1 at an end or
lower portion thereof as shown. The wire
electrode 3 is continuously fed from a supply
reel or the like (not shown) and collected onto
a take-up reel or the like (not) shown and
120 driven at a predetermined rate of axial travel
by the action of a traction and brake motors
(not shown) drivingly connected to traction
and brake rollers (not shown), respectively in
the take-up and supply sides. These reels,
125 motors and rollers not shown may be pro-
vided on an upper portion of the arm 1b or on
the carriage 14, or alternatively on a machine
column (not shown) supporting the machining
head which carries the stem 2.
In the U form wire travel path there is

95
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defined between the pair of sliding guides 1d
a wire-cut EDM machining zone or a traveling
wire stretch 3a which constitutes an axially
moving EDM cutting edge.

The male die blank 6 has its annular flange
portion 6a and a columnar boss 6 b centrally
projected therefrom and formed near its top
with an annular flange 6¢ to be machined to
provide a male die bearing surface 6¢’ as
shown in Fig. 2. The male die blank 6 is
formed vertically through its flange portion 6a
with a plurality of first holes one of which is
shown at 6d for receiving a pin 8 and with a
plurality of second holes one of which is
shown at Be for receiving a bolt 10. The
flange 6a has a shaped annular indentation 6f
along its upper rim.

A cup-shaped female die blank is shown at
11 in Fig. 4 and has a cylindrical portion 11a
extending downwardly and along the inner
edge of its lower end an annular indentation
11b shaped to be snugly fitted with the
indented rim 6 f of the male die blank 6 (Fig.
1). The cup-shaped female die blank 11 has
at its top portion an annular opening 11d
formed with an inwardly projected annular
wall 11¢to be machined to provide a female
die bearing surface 11¢" as shown by the
broken line in Fig. 2. The female die blank 11
is also formed vertically through its cylindrical
wall 11a with a plurality of first holes one of
which is shown at 11e for receving a pin 12
and with a plurality of second holes one of
which is shown at 11f for receiving a bolt 13.

Referring back to Fig. 1, the cap-shaped jig
member 7 like the female die blank 11 of Fig.
4 has at its top an annular opening which is
designated at 7a and has a cylindrical portion
7 b extending downwardly and along the inner
edge of its lower end an annular indentation
7 ¢ shaped to be snugly fitted with the in-
dented rim 6 f of the male die blank 6. The
top opening 7 a of the jig member 7 has an
annular sleeve or shaped ring d detachably
attached thereto. A plurality of such sleeves or
ring 7d may be provided, one or another of
which is selectively used. The sleeve or ring
7 d provides a reference opening 7 e which is
also shown sectionally in Fig. 2. The cut-
shaped jig member 7 is further formed verti-
cally through its top wall with a plurality of
tapped holes one of which is shown at 7f for
receiving a bolt 9.

With reference to Figs. 1, 3 and 4, the
plate- or disk-form jig member or block 5
which may be mounted on the worktable 4
securely by means of any known clamp or T-
form bolts has the central projection 5a which
is annular and defined with a bore 5a' which
is coaxial therewith. The annular projection ba
has its upper outer rim 5b shaped to be
snugly fitted into the indented inner edge 11b
at the fower end of the cut-shaped die blank
11 as shown in Fig. 4. The block 5 is also
formed vertically through its annular projec-

tion 5a with a plurality of first holes one of
which is shown at 5¢ and a plurality of
second and threaded holes one of which is
shown at 5d. The holes 5¢ and 5d are located
70 so that when the male die blank 6 is properly
mounted on the jig member 5, they are
registered with the holes 6d and 6e, respec-
tively. Then the pins 8 are inserted into the
registered holes 6d and 5c to anchor the male
75 die blank 6 onto the jig member 5 and the
bolts 10 are inserted and threaded into the
registered holes 6e and 5d to clamp the
anchored blocks 5 and 6 together.
The jig block 5 is also formed vertically
80 through its flange portion 5g with a plurality
of third holes one of which is shown at e
and fourth and threaded holes one of which is
shown at 57. The holes 5e and 5f are located
so that when the female die blank 11 is
85 properly mounted on the jig block 5 as shown
in Fig. 4, they are registered with the holes
11eand 117 respectively. Then the pins 12
are inserted into the registered holes 11e and
5e to anchor the female die blank 11 onto the
90 jig member 5 and the bolts 13 are inserted
and threaded into the registered holes 11f
and 5fto clamp them together.
The male die blank 6 has vertically through
its flange 6a one or more additional and
95 threaded holes (not shown) for receiving the
bolt or bolts 9. Thus, for properly clamping
the cut-shaped jig member 7 onto the male
die blank 6, the former is mounted on the
later with the indented rim 6 f snugly fitted
100 with the corresponding rim 7 ¢ and the bolt(s)
9 is (are) inserted through the hole(s) 7 f and
threaded into the additional hole(s) of the
male die blank 6.
To avoid a collision of the arm 1b of the
105 assembly 1 with the male die blank 6 and the
female die blank 11 during their respective
WC—EDM operations and also with the jig
member 5 during its setting operation, the
arm 1b properly rotated relative to the car-
110 riage 1a about an axis which should be coinci-
dent or in parallel with the axis of the wire
electrode 3 traveling through the machining
zone or strech 3a between the machining
positioning guides 1d. To this end, a suitable
115 rotary mechanism and carriage although not
shown is provided in the carriage 1a of the
electrode head assembly 1.
In operation, the first jig member 5 is
securely mounted on the worktable 4 by
120 means of any known clamp or T-form bolts,
and then the male die blank 6 is securely
mounted on the first jig member 5 with the
pins 8 anchored in the registered holes 6d
and 5c and the bolts 10 inserted and
125 threaded into the registered holes 6e and 5d.
The second jig member 7 is then mounted on
the male die blank 6 with the indented annu-
lar cup end 7 ¢ snugly fitted with and seated
on the correspondingly shaped outer upper
130 rim 6 f and the bolt(s) 9 from the jig 7
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threaded into the male die blank 6 as shown
in Fig. 1. The operation here to be conducted
conveniently constitutes a final stage of the
entire process of making a mating male and
female die set and accordingly all of necessay
heat-treatment, thermo-metallurgical and
stress-removal processing and polishing proce-
dure have advantageously been performed
and completed prior to this step.

At this stage the annular bore 52’ and the
annular opening 7 e are arranged to be coax-
ial. This axis of centre is shown at O in Fig. 2
and together with the axes of center of the pin
holes 6 ¢ provides a fixed referent position for
the male die bearing surface 6 ¢’ to be im-
parted to the male die flange 6¢.

This position of the axis of center is known
by inserting the end portion of the arm 1b of
the electrode head assembly 1 into the open-
ing 7e and then displacing the worktable 4
relative to the arm 1 b in an X-Y plance (in
the horizontal direction) until the wire elec-
trode of stretch 3a comes in contact with the
wall of the opening 7e and identifying the
point of contact.

The displacement of the worktable 4 actu-
ally causes the corresponding displacements
of the opening 7 e and the male die flanges 6¢
while the axis of wire stretch 3ais held
standstill. For the sake of description with
reference to Fig. 2, however, the latter is
asumed to be displaced relative to the open-
ing 7 e which is fixed. Assume that the axis of
wire stretch 3a shown by 3a in Fig. 2 is
displaced along the X axis at y1 oir y2 and
makes contact with the wall of the opening 7e
at two positions x1 and x2. This allows the x-
coordinate x0 of the axis of center O to be
obtained as follows: x0 = 1/2(x1 + x2). Simi-
larly, from the displacement of the axis of wire
3 along the Y-axis at x1 or x2 and its contact
positions y1 and y2 with the wall of the
opening 7 e, the y-coordinate y0 of the axis of
center O can be obtained as follows:
yO=1/2(y1 +vy2).

Thus, by setting the worktable 4 to this
reference position (x0, y0), the desired coinci-
dence of the wire axis 3a and the center
position of the reference opering 7 e is gained.
The desired orientation of the male die blank
6 has been obtained by the pins 8 anchored
in the reference 6d and 5c¢. The foregoing
setting having been completed, the second jig
member 7 is removed and the contour ma-
chining of the bearing die portion 6 ¢ of the
male blank 6 is then conducted, as shown in
Fig. 3, by the wire-cut EDM process in which
the worktable 4 is displaced relative to the
electrode head assembly 1 along a prescribed
cutting path under numerical control while
EDM machining pulses are applied from a
power supply to the traveling wire electrode 3
and the male die blank 5 across the machin-
ing gap flooded with a liquid dielectric.

After this first-step shaping operation, the

male die blank 6 machined is removed and
the female die blank 11 on which have been
done all of necessary heat-treatment, thermo-
metallurgical stress-removal processing and
70 polishing procedure is mounted securely on
the first jig member 5 with the reference pins
12 anchored in the registered holes 11e and
5e and the bolts 13 inserted and threaded
into the registered holes 11fand 5f as shown
75 in Fig. 4. The female die portion 11d of the
female blank 11 precisely positioned with
reference to the male die portion 6 ¢ which
has already been shaped, is contour-machined
by the wire-cut EDM process in which the
80 worktable 4 is displaced relative to the elec-
trode head assembly 1 along a prescribed
cutting path under numerical control while
EDM machining pulses are applied from the
power supply to the traveling wire electrode 3
85 and the female die blank 5 across the machin-
ing gap flooded with the liquid dielectric.

The male and female die blanks 6 and 11
have, as mentioned, undergone all necessary
thermo-processing as well as mechanical proc-

90 essings and therefore, when shaped in the
foregoing manners, can be immediately
mounted on a common support and used for
a desired mating male and female die set.

While the reference bore ba' formed in the

95 center zone of the first jig member and the
flange 5g thereof can be used to provide the
desired centering of the die blanks 6 and 11
without resort on the second jig member 7,
this is not only inconvenient in operational

100 procedures and may also cause undesirble
wear of the first jig member 5 which is
relatively complicated in structure and expen-
sive. The second jig member 7 is therefore
used to avoid such inconvenience and cause
105 of trouble. It is possible to provide the bore
ba' with a sufficient space. above the workta-
ble 4 or to provide on the worktable 4 a
recess which is slightly larger in diameter than
the bore 53a'. This enables the bore ba' to be
110 used to serve to provide a centering surface
for assurance or functionally similar to the
reference surface 7 e of the second jig member
7.
There is thus provided an improved wire-cut
115 EDM apparatus of making a hollow extrusion
die set with ease, economy and due precision
and finish.

CLAIMS
120 1. An apparatus for making a hollow die
set consisting of a male and female die mem-
bers with their respective male and female
bearing surfaces spaced apart from one
another in a predetermined shaped and mat-
125 ing relationship, from a solid male and a
hollow female die blanks, respectively, said
apparatus comprising:
a wire-cut EDM electrode head assembly
having a plurality of wire guide members for
130 spanning and axially transporting a continu-
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ous wire electrode in a fixed path of generally
U form at an end portion of said assembly,
said path including a predetermined stretch of
the axially transported wire electrode consiti-
tuting an axially moving EDM wire-cutting
edge for said male and female die blanks;

a first jig member for securely and inter-
changeably mounting said male and female
die blanks in a predetermined position
thereon;

a worktable for securely mounting said first
jig member thereon, said worktable being
displaceable relative to said wire-cut EDM
electrode head assembly; and

a second jig member for securely mounting
on said male die blank when the latter is
securely mounted on said first jig member in
said predetermined position for providing a
reference surface to be engaged by said pre-
determined stretch of the axially transported
wire electrode for machining said male and
female die blanks in said predetermined posi-
tion.

2. An apparatus defined in claim 1
wherein said wire-cut EDM electrode head
assembly includes a carriage and an arm
portion rotatably mounted to said carriage
about an axis coincident with or parallel to the
axis of said predetermined stretch of the axi-
ally transported wire electrode, said arm hav-
ing said guide members secured thereon.

3. An apparatus defined in claim 1 or 2
wherein said male die blank is in the form of
an annular block having a base flange and
columnar boss centrally projected therefrom,
said boss being formed near its top with an
outwardly projected annular flange to be
shaped by said wire-cut EDM electrode head
assembly to provide said male die bearing
surface and said female die blank is in the
form of a cup-shaped block having a cylindri-
cal portion extending downwardly and at its
top portion opening formed with an inwardly
projected annular rim to be machined by said
wire-cut EDM electrode head assembly to pro-
vide said female die bearing surface.

4. An apparatus defined in claim 3
wherein said first jig member includes a disk-
or plate-form base and a central projection
and said second jig member is in the form of
a cup-shaped block having a cylindrical por-
tion extending downwardly and at its top
portion an annular opening defined by a circu-
lar wall constituting said reference surface, the
upper rim of said projection of the first jig
member being shaped to be snugly fitted with
the lower end of the cylinder of said second
jig member and with the lower end of the
cylinder of said female die blank.

5. An apparatus defined in claim 4
wherein the upper rim of the flange of said
male die blank is shaped to be snugly fitted
with the lower end of the cylinder of said
female die blank and with the lower end of
the cylinder of said second jig member.

6. An apparatus defined in claim 5
wherein said first jig member is formed verti-
cally through said projection with at least one
first hole and said male die blank is formed

70 vertically through its flange portion with at
least one second hole, said first and second
holes being adapted to be registered with
each other and anchored together by a pin.

7. An apparatus defined in claim 6

75 wherein said first jig member is formed verti-
cally through its base portion with at least one
further first hole and said female die blank is
formed vertically through its cylindrical por-
tion with at least one third hole, siad further

80 first hole and said third hole being adapted to
be registered with each other and anchored
together by a further pin.

8. An apparatus for making a hollow die
set, constructed, arranged and adapted to

85 operate substantially as herein described with
reference to, and as shown in, the accompa-
nying drawings.

Printed for Her Majesty’s Stationery Office

by Burgess & Son (Abingdon) Ltd.~—1981.

Published at The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.



