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69 Precision forging press.

@ The invention concerns precision forging presses
comprising a plurality of punches (4, 5) adapted to be driven
by respective drive means for forging a workpiece. MBS

An object of the invention is to provide a press in which J
high precision in dimensions as well as in quality of the
forged product is assured. 6~.§

The invention is characterised by the press including
means (17, 14, 20) by which the positions of the upper and
lower punches can be continuously controlled as desired
from the beginning of deformation of a workpiece (3) up to
the termination of deformation. Said means enable
positional information relating to the respective punches to
be converted into voltages, the converted voltages to be
compared with programmed reference voltages, and the
M~ movements of the respective punches io be continuously
I controlled in accordance with the comparison resulis.
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PRECISION FORGING PRESS

The present invention relates to improvements in
precision forging presses.

Heretofore, precision forgiﬁg presses cof the type in
which a workpiece is forged within a space defined by upper
and lower dies by means of hydraulically operable upper and
lower punches which slidably penetrate the upper and lower
dies, respectively, have been known and generally used. In
order to assure precision in'dimehsions as well as in quality
of the forged product, it is essentially necessary to con-
trol continuously the positions of the upper and lower punches
as desired from the beginning of deformation of the workpiece
up to the end of dedormation. However, none of the preci-~-
sion forging presses of the prior art has been provided with
means fér completely satisfying such reguirements.

It is, therefore, an object of the present invention to
provide a novel precision forging press in which the posi-
tions of the upper and lower punches can be controlled contin-_
uously as desired during deformation of a workpiece.

According to the present invention, there is provided
a precision forging press comprising a plurality of punches
adapted to be driven by respective drive means for forging
a workpiece, characteriéed by means for converting positional
information relating to the respective punches into voltages,

. a reference voltage generator for generating a plurality of
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programmed reference voltages, comparator means for compar-
ing said respective converted voltages with the correspond-
ing ones of said programmed reference voltages, and control
means for controlling said respective drive means in accor-
dance with comparison results from said comparator means.

In ordexr that the invention may be readily understood,
and other features and objects of the invention made more
apparent, one preferred embodiment will now be described
with reference to the accompanying drawings, in which :-

FPigure 1 is a system diagram showing one example of
prior art precision forging press, partly in cross-section,

Figure 2 is an enlarged cross-sectional view showing
the dies of the press of Figure 1 at the start of a forging
operation,

Figure 3 is a view similar to Figure 2 showing the dies
at the termination of a forging operation when a workpiece
has been shaped by the dies, and

Figure 4 is a system diagram showing said preferred
embodiment of the present invention, partly in cross-section.

Before describing the preferred embodiment,the structure
and operation of one example of prior art precision forging
press will be explained with reference to Figure 1, in order
to facilitate understanding of the present invention.

Referring to Figufe 1, the press comprises an upper die
1 and a lower die 2, which define a forging space in which a

workpiece 3 of raw material can be accommodated. An upper
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punch 4 and a lower punch 5 are associated with respective
upper and lower dies, the upper punch being connected to a
main ram 5. The upper and lower punches 4 and 5 slidably
project through the upper and lower dies 1 and 2 respectively,
into the forging space upon actuation of an upper auxiliary
ram 7 and a lowér auxiliary ram 8. To the bottom of the
main ram 6 is mounted an upper bolster 9 to which the upper
die 1 is fixed. Similarly, a lower bolster 10 is provided
to which the lower die 2 is fixed, the lower bolster 10
being mounted on a machine frame 11. Hydraulic circuits
are provided for the upper auxiliary ram 7, lower auxiliary
ram 8 and main ram 6, respectively, said circuits including
pressure regulation valves 12a, 12b and l2¢, switching
valves 13a, 13b and 13c¢c, hydraulic pumps 1l4a, 14b and l4c
and flow rate regulation valves 15a and 15b.

For a forging operation, at first when the dies 1 and 2
are in an opened condition, the workpiece 3 of raw material
is inserted between the dies 1 and 2. Then, the switching
valve 13c is actuated to introduce pressurized oil into the
upper chamber of the main ram 6 by the action of the hydrau-
lic pump l4c, and thereby the main ram 6 is lowered to close
the dies 1 and 2 together. Subsequently, the upper and
lower punches 4 and 5 are set in motion to press into the
dies 1 and 2 by the actuation of the upper and lower auxil-
iary rams 7 and 8, respectively, and thus the forging of

the workpiece 3 of raw material is started.
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In this operation, in order to assure precision in
dimensions as well as in quality of the forged product
3a, the positions A and B of the upper and lower punches
4 and 5 at the start of deformation of the workpiece 3,
as well as the positions Al and Bl of the upper and lower
punches 4 and 5 at the end of deformation (as shown in
Figures 2 and 3 respectively) must always be kept constant.
Moreover, in the case of a forged product having a complex
shape, not only the punch positions A and B at the start
and end of deformation of the workpiece, but also the suc-
dessive punch positions during the deformation process must
be continuously controlled. However, such requirements
for the control of the upper and lower punch positions are
not fulfilled in the prior art precision forging press
described above, and, therefore, very high precision in
dimensions together with excellent quality of the forged
product cannot be obtained.

Turning now to the preferred embodiment of the present
invention illustrated in Figure 4, component parts equiva-
lent to those included in the prior art precision forging
press shown in Figure 1 are given like reference numerals.
Thus, the press comprises an upper die 1, and a lower die
2 defining a forging space for a workpiece 3, an upper
punch 4, a lower punch 5, a main ram 6, upper and lower
auxiliary rams 7, 8 respectively, upper and lower bolsters

9 and 10 respectively, a machine frame 11 and hydraulic
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circuits including pressure regulation valves 1l2a, 12b and
12¢c, a switching valve 13c and hydraulic pumps l4a, 1l4b
and l4c. The above-referred to components are identical
o those included in the prior art press sﬁown in Figure
1.

In this emhodiment the press has a mount table 16 for
a potenticmeter 17b provided on the machine frame 11, a
mount table 18 for a potentiometer 17a provided on the
upper bolster 9, and racks 19a and 19b mounted on the
upper and lower auxiliary ram 7, 8 respectively, which
racks are meshed with pinions 20a and 20b respectively,
mounted on the ends of the shafts of the potentiometers
l7a and 17b. The control circuit for the press includes
amplifiers 2la and 21b, electromagnetically operable servo
valves 22a and 22b, which are included in the hydraulic
circuits for the upper and lower auxiliary rams 7 and 8,
respectively, and a template 24 that is movable along an
arrowed dash-dot line C-C and whose profile is designed
raccording to a programme for the positional control of
the punches 4 and 5. Reference numerals 25a and 25b
designate potentiometers which are associated, at their
shaft ends, with pinions 26a and 26b meshed with racks
27a and 27b respectively. At one end, each rack 27a
and 27b has a roller 28a and 28b respectively serving as
a cam follower, the other end of each rack being slidably

supported by a rack guide 29a, 29b respectively. In
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addition, the racks 27a and 27b are adapted to be urged
against opposite, inclined side surfaces of the template
24 via their rollers 28a and 28b, respectively, by suit-
able resilient means not shown.
In operation, since the upper auxiliary ram 7 and the
upper punch 4 are driven integrally, the potentiometer
17a which generates a voltage corresponding to the position
of the upper auxiliary ram 7, can represent the extent of
insertion of the upper punch 4 into the fording space
defined by the dies 1 and 2. The same is also true with
respect to the lower punch 5, and the voltage generated by
the potentiometer 1l7b indicates the extent of insertion of
the lower punch 5 into the space formed by the dies 1 and 2.
The voltages generated by the potentiometers 17a and
17b respectively, are compared in comparator circuits X

1

and X2 with programmed reference voltages generated by a
programmed reference voltage generator 23 consisting of the
above~described template 24, potentiometers 25a and 25b,
pinions 26a and 26b, racks 27a and 27b, rollers 28a and

28b and rack guides 29%9a and 29b, and the difference signals
issued from the comparator circuits Xl and X2 are amplified
by the amplifiers 2la and 21b and then applied to the
signal inputs of the servo valves 22a and 22b, respectively.
As a result, the servo valves 22a and 22b are actuated to

drive the upper auxiliary ram 7 and the lower auxiliary ram

8 by means of the respective hydraulic pressure sources
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1l2a-14a and 12b-14b so that the difference between the
programmed reference voltages and the voltages generated
by the potentiometers 17a and 17b may be nulled.
Accordingly, the positions of the upper and lower punches
4 and 5 can be continuously controlled in accordance with
the programmed reference voltages issued from the pro-
grammed reference voltage generator 23.

In the programmed reference voltage generator 23, the
successive reference voltages corresponding to the desired
positions of the upper and lower punches 4 and 5 are
generated in accordance with the profile of the template 24.
Therefore, if the profile of the template 24 is appro-
priately designed from the position for start of a forging
operation up to the position for termination of the forging
operation,and if the template 24 is moved in the direction
of arrow D in PFigure 4 during the forging operation from
the forging start position up to the forging termination
position, then it becomes possible to control continuously
the positions of the upper and lower punches 4 and 5
rduring the entire forging process.

It is to be noted that while description has been made
above in connection to a forging press provided only with
vertically movable punches, obviously the same control
method can be equallyrapplied for a forging press in which
not only vertically movable punches but also horizontally
- movable punches are provided, these punches being simul-

taneously actuated in their respective vertical and
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horizontal directions. In addition , although a pro-
grammed reference voltage generator 23 of template type
has been described above, it is possibie to generate
similar programmed reference voltages by substituting
purely electrical means such as, for example, a function
generator, an electronic computer, etc. for the template
type generator.

As described in detail above, according to the present
invention, since the movements or positions of the punches
can be continuously controlled during the forging process
from the forging start position up to the forging termina-
tion position; the mode of deformation flow of the work-
piece is always kept constant, and as a result, excellent
forged products having good quality and high precision
in dimensions can be obtained.

Since many modifications can be made in the construc-
tion of the embodiment described above it will be appre-
ciated that it is given by way of example only and many
apparently widely different embodiments of this invention
could be made without departing the scope thereof. It
is,therefore, intended that all matter contained in the
above description and shown in Figure 4 of the accompany-
ing drawings shall be interpreted as illustrative and not

as a limitation of the scope of the invention.
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CLAIMS

1. A precision forging press comprising a plurality of
punches adapted to be driven by respective drive means for
forging a workpiece, characterized by means for converting
the positional information relating to the respective
punches into voltages, a reference voltage generator for
generating a plurality of programmed reference voltages,
comparator means for comparing said respective converted
voltages with the corresponding ones of said programmed
reference voltages, and control means for controlling said
respective drive means in accordance with comparison results

from said comparator means.

2. A precision forging press as claimed in Claim 1, in
which said drive means consists of a hydraulic ram and a
hydraulic pressure source,characterised in that said controil
means cénsists of an amplifier and a servo valve interposed

between said hydraulic ram and said hydraulic pressure source.

3. A precision forging press as claimed in Claim 1 or
Claim 2,characterised in that said reference voltage generator
consists of a template having a programmed profile, a plurality
of cams associated with said template,and potentiometers
adapted té be rotated in response to movements of the
corresponding cams for generating the respectivé reference

voltages.
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