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The present invention relates generally to an apparatus
for automatically and simultaneously controlling the time
and the pressure in a casting process, and it relates more
particularly to the time and the pressure controls in a
low pressure die casting process.

In low-pressure die casting processes, especially when
the object being cast has an excessively elongated form,
and if the metal being used has a large specific gravity,
the pressure over the molten metal in the melting vessel
becomes excessively reduced when the air in the mold is
sucked out through the upper part of the mold while the
molten metal is sucked into the mold. Therefore, it be-
comes necessary to supply additional pressure to the sur-
face of the molten metal in the vessel. However, after
completion of the solidification of the molten metal in
the mold, and before the molten metal would be allowed
to solidify in the feeding pipe, the additional pressure
applied to the surface of the molten metal in the mold
should be reduced back to the atmospheric pressure so
that the molten metal which is in the feeding pipe could
return into the vessel. In low-pressure die-casting proc-
esses, especially in the cases mentioned above, when the
object being cast has an excessively elongated form, it
becomes very difficult to control the speed of rising and
the speed of solidification of the molten metal. There-
fore, the above-described so called “suck-in and pres-
surize” method of casting has not been put into practice
so far for the difficulties encountered therein.

It is an object of the present invention to eliminate the
existing difficulties of the “suck-in and pressurize” meth-
od of casting and to realize it under economically ad-
vantageous practical conditions.

It is another object of the present invention to provide
an -apparatus for controlling a low-pressure die-casting
process especially adapted for the die-casting of objects
having excessively elongated shape.

It is a further object of the invention to provide an ap-
paratus for low-pressure die-casting of elongated objects,
in which the pressure in the entire system is controlled by
a centrally operated control apparatus.

The invention will become more readily apparent from
the following description of a preferred embodiment there-
of shown, by way of example, in the accompanying draw-
ing, in which:

FIG. 1 is a diagrammatic showing of a preferred em-
bodiment of the present invention; and

FIG. 2 is a diagrammatic showing of the control means
schematically shown in FIG. 1.

- With reference to FIG. 1 of the drawing, the pressurized
vessel containing the molten material, is designated by 1
into which a feeding pipe 1a of a mold D extends, while
the upper end of the mold D communicates through a
filter 2 with a pressure control system such as pneumatic
circuit A. The pressure control system A is performing
the purging of air from mold D so that the molten metal
is able to rise into the mold. The pressure system A in-
cludes a cooler 3 for cooling the excessively hot air re-
moved from above the molten metal, and a filter 4 dis-
posed subsequent to cooler 3. The pressure ssytem A
includes a vacuum pump 8 communicating with a vacuum
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tank 7 which has a pressure indicator 12 associated there-
with. Between tank 7 and filter 4 a pressure responsive
valve 5 js disposed, which might be of the type including a
diaphragm chamber having a diaphragm 19 therein to one
side of which a pressure P; is fed through a timer 11,
pressure P initially being atmospheric while, after the
timer 11 sets in, P; will correspond to the pressure leav-
ing the filter 4. At the other side of the diaphragm 10
a pressure Py exists which corresponds to the pressure exist-
ing before the vacuum tank 7 and after an electromagnetic
valve 6 which is regulated by a control apparatus C, here-
inafter described.

At the beginning of the operation, pressure P; corre-
sponds to the atmospheric pressure, since mold D before
the molten metals enters into its, is under atmospheric
pressure. Since electromagnetic valve 6 is inserted in
the line communicating the vacuum pump 8 with the
mold D, therefore, pressure P, is dependent on the opera-
tion of electromagnetic wvalve 6, which in turn is con-
trolled by the hereinafter described central control ap-
paratus C.

The vacuum tank of the vacuum pump 8 has a dis-
charge associated therewith, which controls the vacuum
so that it remains on the range 10—3~10—¢ mm. Hg.

The control valve 5 and its diaphragm 19 are so cor-
related, that the control valve 5 is fully open when the
pressure ratio P;/Pg is 1, that is Py=P,. Timer 11 regu-
lates the operation of control valve 5 in that it sets the
time during which diaphragm 10 at one side thereof is
exposed to the pressure existing in the upper portion of
the mold P.

As has been described above, as soon as the molten
metal rises upwardly in the mold D, pressure should be
additionally supplied to the surface of the molten metal
within the vessel, and to this effect, the vessel 1 has a
pressure inlet 15 provided therein, which is connected to a
pressure system such as a pneumatic circuit B, which sup-
plies pressurized fluid such as air into the wessel 1 through
a system of valves hereinafter described. The pressure
system B includes a filter 9 which communicates with a
controlled valve V; which in turn communicates with a
motor controlled valve V, having a motor M; associated
therewith. The pressure in the line between valves V;
and V, is measured by an indicator 13. Valve V, direct-
ly communicates with a three-way valve V; one passage B
of which serves as an outlet for releasing air from the
system under certain conditions hereinafter described.

The control means C of the apparatus includes a pro-
gramming board 14 which has graduations provided there-
on, in such a manner, that the vertical lines represent the
pressure axis and the horizontal lines represent the time
axis of the system. The board is adapted to receive there-
on a flexible belt-like material, which can be formed into
a shape corresponding to a curve describing the desired
pressure and time relation of the system. The belt-like
material cooperates in slidable relationship with a trac-
ing arm 16 of a potentiometer 17. In order to bring
about the tracing of the curve by tracing arm 16, as de-
scribed by the belt-like material 15, the program board 14
should be moved laterally. To this effect, a motor M, is
provided for tramslating board 14 in a lateral direction.
The pressure sensing means PIC is an instrument of the
type which may have a pair of contacts responsive to a
certain degree of pressure in the vessel 1, whereupon the
timer will start upon closing or opening of such contact
pair, and on the other hand when the timer runs off, the
same pair of contacts or another set of contacts within the
PIC will cause to actuate three-way valve Vj such as to
open up the outlet passage E thereof, thereby to release
the pressure from vessel 1. The control means C further
includes in addition to the potentiometer 17, a propor-
tional band controlling means 18 which receives the wolt-
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ages supplied by the potentiometer. in response to the
sliding of tracing arm 16 over the curve formed by the
belt-like material 15. The proportional band controlling
means preferably feeds its output into a hand reset circuit
19, the output of which is fed into a balancing relay sys-
tem 20 which in its output has motor M;, the actuator of
electromagnetic valve 6 and that of electromagnetic valve
V3, as well as a pressure-sensing means PIC connected
thereto. The tracing of the curve 15 by tracing arm 16
develops a voltage on the potentiometer 17 which will
cause M; to regulate the opening of valve V,, so that the
pressure over the molten metal in wessel 1 builds up in
accordance with the present conditions governed by the
pressure-time relationship of the curve 15 on the program-
ming board 14, whereas evacuation of the upper portion
of the mold is controlled by the magnitude of opening of
valve 6 responding also to the potentiometer voltage fed
to it through control apparatus C. The motor M; is a
servo-type motor known in the art.  The potentiometer
voltage varying in accordance with the travelling of the
tracing arm 16 along curve 15 controls, therefore, the op-
eration of motor M;, electromagnetic valve 6 and electro-
magnetic valve V.

As pointed out above, the control valve 5, with its dia-
phragm initially is exposed to atmospheric pressure on
one side thereof, so that P; is initially at atmospheric pres-
sure. Timer 11 regulates the control valve 5 through
timer 11, that is the time the diaphragm 16 is exposed to
actual pressures over the mold, whereby pressure P; dur-
ing the time set by timer 11 will correspond to the pres-
sure over the mold.

The pressure responsive and indicative mechanism PIC
is connected with one terminal thereof to the inlet 1b of
the pressure vessel 1, while the other terminal thereof is
connected to respond to the output of the balancing relay
means 28 which in turn is responsive to the potentiometer
output 7. The pressure sensing and indicating mecha-
nism PIC, as pointed out above, might be of a type known
in the art, which is capable of responding to a pressure
signal on one terminal, and correspondingly develop an
electrical or a pressure signal output at another terminal
thereof to control a load, such as the timer in the present
situation.

During operation, when the pressure-indicating and con-
trolling mechanism PIC senses that the presure over the
molten metal in pressure vessel 1 has reached a point
when purging of the air from the system A should begin,
then mechanism PIC turns the timer on, whereupon the
diaphragm 16 at pressure side P; thereof will be exposed
to the actual pressure over the mold, at the same time
the mold is under suction, since magnetic valve 6 has
been slowly turned on as the initial requirement of the
operation. The opening of the magnetic valve § is gov-
erned by the time and pressure relation described by the
belt-like material on the program board 14 and traced
by the tracing arm 16. The more suction is applied by
the vacuum pump 8 to the system A, that is to the upper
portion of the mold D, the further will control walve 5
be opened since pressure P; decreases from its initial
atmospheric pressure and, as pointed out above, under
condition that pressure P; and P, are equal, the control
valve 5 becomes entirely open. The termination of the
timer 11 may be set in accordance with considerations
flowing from the nature of the casting process and the ma-
terials used, to expose diaphragm 10 to atmospheric pres-
sures again after a certain time, whereupon presure indi-
cating mechanism PIC in response to the timer operation,
will open the outlet E of three-way valve Vs, whereupon
the pressure from vessel 1 is released and the still unsolidi
fied molten metal is able to reutrn into the vessel 1 from
the feeding pipe 1a.

Although the invention has been described with refer-
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4
ence to a specific embodiment thereof, it is not intended
that the invention should be limited to such specific em-
bodiment alone, but it should be “interpreted and defined
by the scope of the appended claims.

What is claimed is:

1. In an apparatus for controlling a casting process in
which a molten metal body is raised from a container
into a mold by application of pressurized medium to the
surface of the niolten metal in the container and by the
application of suction to the mold, a first pneumatic cir-
cuit including vacuum pump means for applying suction
to said mold, a second pneumatic circuit for applying pres-
sure to said container over said molten metal, program-
ming means including a time-pressure curve following
means adapted to trace a predetermined time-pressure
curve, potentiometer means connected to respond to said
time-pressure curve following means for developing an
output signal in proportion to said curve, first valve means
disopsed in said first pneumatic circuit between said vacu-
um pump means and said mold and responsive to said
output signal for opening said first pneumatic circuit in
response thereto and permitting said pressurized medium
to enter said container, second valve means disposed in
said second pneumatic circuit and responsive to said out-
put signal for opening said second pneumatic circuit in
response thereto and permitting said pressurized medium
to enter said container, third pressure responsive valve
means disposed in said first pneumatic circuit between said
first valve means and said mold, said third 'valve means
having a diaphragm chamber including a control dia-
phragm connected to respond to a difference in the pres-
sures existing at said vacuum pump means and at said
mold, timing means disposed in a branch circuit connect-
ing said diaphragm chamber at one side of said diaphragm
to said pneumatic circuit at the pressure branch thereof
nearer to said mold, said timing means controlling the
period during which said third valve means is open, pres-
sure responsive means for sensing a predetermined pres-
sure in said container and actuating said timer means, and
further valve means disposed in said second pneumatic
circuit for releasing pressure from said container in re-
sponse to lapse of a predetermined period measured by
said timing means.

2. The combination as claimed in claim 1, wherein
said one side of said diaphragm of said third valve means
is initially exposed to the atmosphere, said timing means
connecting said one side of said diaphragm to said mold
pressure in response to said pressure responsive means,
said third valve means becoming fully open when the pres-
sures on both sides of said diaphragm are equal.

3. The combination as claimed in claim 1, wherein said
programming means comprises a board having a time-
pressure scale thereon, said time-pressure curve is formed
on said board by mechanical means having a surface, said
tracing arm being adapted to slide on said surface.

4. The combination as claimed in claim 3, wherein said
tracing arm is mechanically connected to the wiper arm
of said potentiometer means.
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