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Die casting for molten materials which at 
tain the solid state within a die, when such ma 
terials have a high melting point, necessitates 
numerous precautions and may be only per 
formed by using intricate machines the op 
eration of which is very difficult. In the event 
of die casting metals and, more particularly, 
steels, the operative stages may not be controlled 
without complication and with a high rate of 
production. 
An object of the invention is to provide, in a 

die casting machine having an injection cylinder 
of predetermined capacity, an auxiliary cylinder 
acting as a pot for the molten material and aSSO 
ciated with an auxiliary plunger movable there 
in for introducing molten material within the in 
jection cylinder through connecting means en 
suring a timed communication between both cyl 
inders with respect to the position of said auxil 
iary plunger, said auxiliary cylinder being filled 
with molten material by handling means such 
as ladles or the like. 
Another object of the invention is to provide, 

in a die casting machine of the character de 
scribed, means for supplying the injection cyl 
inder with amounts of molten materials inferior, 
equal or superior to the capacity thereof, said 
means comprising either a fixed auxiliary cyl 
inder the filling and the discharge of which 
may be repeated many times sequentially or a 
set of detachable auxiliary cylinders, the ca 
pacity of each of said auxiliary cylinders cor 
responding accurately to the amount of molten 
material to be injected, whereby it is avoided 
to change the injection piston, Such a change 
generating a complete modification in the op 
erative characteristics of the die casting ma 
chine. - 

Another object of the invention is to provide, 
in a die casting machine of the character de 
scribed, hydraulic means for moving in timed 
relation the injection piston and the auxiliary 
piston and hydraulic means for opening and clos 
ing the die, said last means being hydraulically 
connected to said injection piston, whereby the 
pressures exerted within the injection cylinder 
and the die closing cylinder are equal. 
Another object of the invention is to provide, 

in a die casting machine of the character de 
scribed, means for multiplying simultaneously 
the injection pressure exerted within the injec 
tion and the die closing cylinders when the in 
jection step is ended, thereby to apply an excess 
pressure to the casting yet in pasty condition. 
Such means may comprise injection telescopic 
pistons, the outer piston hydraulically multiply 
ing the original pressure, said multiplied pressure 
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being transmitted to the inner piston the cylinder 
of which is connected with the die closing cyl 
inder, whereby the necessary high pressure is ob 
tained without particular source of energy, giv 
ing an important save of energy. 
Another object of the invention is to provide, 

in a die casting machine of the character de 
scribed, means operated by the auxiliary plunger 
for connecting a pressure accumulator to the 
various cylinders in a sequentially timed order, 
Whereby the die casting machine is automatically 
Operated. 
The die casting machines according to the in 

vention have a high rate of production with 
the minimum molten material loss owing to the 
fact that the injection cylinder may be filled 
With an amount of molten material correspond 
ing accurately to the capacity of the die. 
The ensuing description which is made with 

reference to the accompanying drawings and is 
given by Way of example and not of limitation, 
Will clearly show in what manner the invention 
may be carried into practice. 

Fig. 1 diagrammatically illustrates in axial 
cross-section an automatic machine for inject 
ing metal under pressure. 

Fig. 2 diagrammatically illustrates that part of 
the machine which is adapted to come through 
the mold cover. 

Fig. 3 illustrates in a similar manner to Fig. 1 
the machine in a second stage of operation. 

Fig. 4 shows, similarly to Fig. 3, the machine in 
another stage of operation. 

Fig. 5 illustrates a front view of the machine 
partly in section on line W-W of Fig. 1. 

Fig. 6 illustrates in a like manner to Fig. 5 a. 
Section of the machine in a condition thereof 
corresponding to an intermediate stage. 

Fig. 7 shows diagrammatically the circuit and 
valve means used for the automatic control of 
a. die casting machine according to the inven 
tion. 

Fig. 8 is an elevational view of the device 
controlling the automatic control of the machine. 

Fig. 9 is a partial view of the device illus 
trated in Fig. 5, the pot having a different ca 
pacity. 

the machine comprises a frame f on Which 
a front Support 2 is secured. The front sup 
port comprises a recess 3 into which an isolating 
fitting 4 is inserted, said isolating being in the 
nature of heat isolation or lagging. Within the 
fitting there is introduced an injection cylinder 
5 which comprises a reinforcing flange 6 adapted 
for Sealing fixation with a half mould or mould 
Section 7 resting on the frame. 
The cylinder 5 has secured thereon a pot 8 in 
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the form of an auxiliary cylinder, which is Se 
cured thereto in a removable but tightly sealed 
manner. The pot 8 is surrounded with a fixture 
9 defining between it and the pot 8 a Space in 
which a lagging or electric reheating elementS 

may be inserted; said elements are supplied 
from a source of current not shown. The pot 8 
is surmounted and maintained by a flange With 
which it is in shouldered abutting relation, the 
internal board of the pot 8 remaining clear. The 10 
flange has bolted thereto a strap 2 provided 
With ears, Said ears being formed With receSSeS 
adapted to be filed with resilient fittings 3 upon 
which bear push rods 4 the function of Which 
will be explained later. 
A piston 5 is adapted to penetrate the pot 8, 

said piston being rigid with a hollow rod 6 ter 
ninating in a dual guide fork T. The dual fork 

embraces a croSS-member 8, Subjected to the 
pull of lateral tie-rods. 9 and 9a rigid there 
with. The central portion of the croSS-member 

is rigid with a rod 20. Which is adapted for 
sliding movement in the hollow piston 6 and 
Which is formed with an extension 2 which ex 
tends through the pistOn and terminated in a 
pointed tip projecting out of that piston head 
and adapted likewise to be retracted into Said pis 
ton. The point 2 is connected with the rod 2 
through a bar 22 of Saall diametter. The con 
nection between the members defines upon a pis 
ton a shoulder operative to a limit in both direc 
tions their displacements which the piston can 
assume with respect to the rod 20, one of Such 
displacements resulting in the projections of the 
tip 2 from the piston-head, while the other one 
results in retraction of Said tip or point. 
The tie-rods 9, and so extend through guides 

23 Secured to a croSS-member 24 which in turn 
is fitted over a cylindrical enlargement 25 inte 
gra With the front Support . Of the machaine. 
The tie-rods 9 and 9a, at the opposite ends 

thereof are Secured to a bridge member 26 whose 
central portion is rigid. With the rod 2 of a piston 
28 slidable in a press cylinder 29. Said press 
cylinder is at its lower portion rigidly connected 
With the croSS-member 24. The rod 2 is slida 
ble in a tightly sealed fitting 38 so that the piston 
is a double acting one and is adapted to receive 
the pressure from an operating fluid on either 
One of its faces to CauSe upward or downward 
movement of the piston 5. Between the pot 8 
and the cylinder 5 a Space is defined in which a 
flat locking member or valve 3 is adapted to slide 
in a direction perpendicular to the axis of the pot 
8, the slidable valve 3 being slidable on a bear 
ing Surface 32 and being adapted to Seal an aper 
ture 33 formed through the side wall of the cylin 
der S. The Slidable. Valve 3 is formed With a 
port 34 into Which an extension 35 of the tie 
member 9a, projects, Said extension being pro 
vided with bosses 36 and 36a, adapted to act as 
Control cans for the Slidable Wave 3. The can 
35 bears against the Side of the receSS 34 farthest 
renoved from the axis of the pot 8, while the can 
36a, bears against the opposite side of recess 34. 

he cooperation between both Said cannis re 
SultS, as the piston i5 moves doWWard, in open 
ing the aperture S3 and, When the pistOn 5 moves 
up again in closing Said aperture, by means of 
Said slidable valve 3. 

he inachine frane beyond the front Support 2 
comprises a SlideWay 3. On which a slide block 
38 is slidable, said slide block carrying the mould 
Section 39 complementary to the mould Section . 
The slide block 38 is set into motion by a large 
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4. 
diameter press piston 40 operating in single action 
effect to move the mould section 39 towards the 
mould Section , on the one hand, and On the 
other hand, said side block is adapted to be actu 
ated through operating rods or links A connected 
With a croSS-member 42 having attached to it a 
Smaller diameter press piston 43 and the action of 
Which is to move the mould section 39 away from 
the mould section . The piston A) operates in 
a cylinder 44 rigid with an intermediate support 
45. of the nachine extending parallel with the 
front support 2. The end wall of the cylinder 44 
at the same time constitutes the end wall of the 
cylinder A6 in which the piston 43 operates, the 
Said cylinder 46 being rigid with a rear Support 
47 connected through tie-rods 48 with the inter 
mediate Support 45. The intermediate support 
45 rigid with the frame is connected with the 
front Support 2 through the sideway 37 and a tie 
rod Sarranged as an extension of the cylindrical 
reinforcement 25. Which is threaded Over the head 
of the tie-rod 49 in order to clamp the latter 
against the front support, 2. 
The front Support. 2 is connected with a Sup 

port 5 through cylindrical lateral tie-rods 5f. 
(Fig. 5). The support 5) is traversed by a cylin 
der 52 containing a recessedpiston 53 and the in 
terior of said last mentioned piston in turn serves 
as a cylinder for a piston 54. The piston 54 is 
connected with a rod 55 having secured to the end 
thereof an injection piston 56 slidable in the in 
ternal bore of the cylinder 5. The cylinder 52 is 
provided with an end wall 57 sealingly secured 
to it. At the end opposite from the end wall 57 
there is a packing seal 58 through which the pis 
ton 53 slidably extends. The piston 53 has se 
cured to it a hollow counter rod 59 slidable 
through a packing Seal 60 in the end wall 57. 
The pistOn 54 likewise slidably extends through a 
packing Seal. 6f carried by the piston 53. The 
piston rod 55-carries a cross member 62 connected 
to two pairs of lateral tie rods 63 attached to a 
CroSS member 64. The pairs of tie-rods 63 ex 
tend through the Support 50 in appropriate 
guiding means. The cross-member 54 is con 
nected With two lateral piston rods: 65 not shown 
in Fig. 1, the related pistons being arranged with 
in the Shanks of the recessed, rod 5 ... The piston 
rods 65 operate in compression on the cross 
Inenber 5A; which in turn, exerts a pull on the 
CIOSS-member 62 to restore the pistons 53 and 54 
to their rearward positions by abutment against 
the piston 54; the latter, when fully retracted 
Within the piston 53, results in the retraction of 
Said piston 53 into the cylinder 52. 
The hollow counter rod 53 is Sealingly con 

nected to the piston. 53, the internal duct 66 in 
Said counter rod being opened to the interior 
receSS of the piston .53 and consequently to the 
Cylinder of the piston SA. The hollow counter 
rod-59 is sealingly connected with a movable head 
6 in which there is formed a duct 68 opening 
into a cylinder 69 extending paralleily to the hol 
low counter rod 59 but offset with respect to the 
axis of the latter. The cylinder 69 comprises a 
packing Seal it which tightly surrounds a pipe 
it, thus naking possible for the cylinder 69 to 
move With respect to the pipe if, which, in turn, 
is Secured to the support 56. The pipe 7 is care 
fully calibrated With respect to the surface trav 
ersed by the packing 79 and is connected through 
a union 2 with a communicating conduit 3. 
With the purpose of avoiding the possibility of 

metal Solidifying in the port 33, a plug member 74. 
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is penetratingly secured within the wall of the 
cylinder 5 so as to make it possible to effect the 
requisite plugging or pricking operation. In order 
that attachment of the pot 8 through the tie-rod 
f4 be adapted tightly to unite said pot with the 
cylinder 5, the tie-rods 4 are connected with 
small pistons reciprocating into cylinders 75 
adapted to be placed under pressure and sub 
jected to the resilient return urge of springs 76. 
. . The above described device operates as follows: 

All the cylinders communicate with sources of 
hydraulic fluid under various pressures through 
a set of pipes and pressure controlled valves; said 
pipes, gates and valves are diagrammatically ill 
lustrated in Figs. 7 and 8 and Will be described 
later. 
In a first step, the slidable valve 3 being closed, 

the piston f 5 being in its uppermost portion Com 
pletely uncovering the feeding aperture for the 
pot 8, and the piston 56 being retracted in Wardly 
with respect to the aperture 33, a suitable amount 
of molten metal is introduced so as to ensure that 
the mould cavities will be completely filled. This 
condition of the machine elements is clearly 
shown in Fig. 1. Hydraulic pressure is first ad 
mitted to the cylinders 75. The bottom wall of 
the pot 8 is strongly applied against the cylin 
der 5. 
Hydraulic pressure is then admitted into the 

cylinder 29 above the piston 28. 
piston 5 moves down and reaches (see Fig. 6) 
the upper level of the body of molten metal con 
tained in the pot and maintained at a suitable 
temperature by the reheating means f. Upon 
continued descent of the hollow piston f3, the 
latter is brought to bear against the shoulder of 
the rod 20. The fork 7 engages the cross mem 
ber 8 and at the same time the can 36 causes 
the slidable valve 3 to recede. The molten metal 
is then expelled through the port 33 in cylinder 5. 

Prior to the above operation, hydraulic Operat 
ing pressure has been admitted into the cylin 
der 44 and by means of the slideway 38 the mould 
section 39 has been put into engagement with 
the mould Section 7. 
The molten metal spreads out in the cylinder 

5 (Fig. 3) and may even partly fill the mould, 
without being able to escape because of the pres 
ence of the piston 56 acting as a Sealing plug. 

. All of the previously mentioned parts remain 
ing in their last described conditions, hydraulic 
operating pressure is then admitted through the 
pipe 73, cylinder 69, union 68 and port 66, caus 
ing the piston 54 to move forward. The piston 
54 moves the piston 56 forward, filling the mould 
cavity 7, 39. The tube. 59 slides through the 
packing 69 and the packing 0 slides over the 
tube il. Upon hydraulic pressure being admitted 
in turn into cylinder 52, the mould being com 
pletely filled, a hydraulic pressure much higher 
than the operating pressure is built up Within the 
cylinder 53, by closing the latter and admitting 
pressure into the cylinder 52. Thus, the metal is 
subjected to a die casting operation in the mould 
assembly 7, 39. In order to maintain both mould 
sections in a tight sealing engagement a valve to 
be described hereinafter makes it possible to pro 
vide communication from the pipe 73 to the cyl 
inder 44. For a short time the metal contained 
in the mould recesses is compressed by the piston 
56 under the effect of the above mentioned high 
pressure in the cylinder 53 which acts on the 
piston 54 and at the same time said compres 
sion pressure is applied to the piston 40 which 
tightly presses the mould section 39 against the 
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mould section . A desired pressure multiplica 
tion is obtained as a result of the differential Sur 
face areas between pistons 53 and 54. 
Then, after the metal has cooled to a sufficient 

extent, this being obtained quite rapidly, the 
compression pressure in cylinder 52 is relieved. 
During the above described mould filling and 

metal compressing operation in the mould, the 
hollow piston 5 was caused to move upwards by 
admitting operation pressure into the cylinder 29 
below the piston. 28. The ends of the fork 
upon engaging the cross-member 24 have caused 
the point 2 to be retracted into the hollow piston 
f5 and it is then an easy matter to remove any 
portions of solidified metal which may cling to 
the head of hollow piston 5. It is also possible 
through the spring 76 to cause the pot assembly 8 
to move up as a whole whenever it may be re 
quired to clean the bottom thereof, the port 33 
and the area, Surrounding the slidable valve 3. 
Upon applying renewed pressure to the cylinder 
75, the pot assembly 8 is again applied against 
the cylinder 5 and then, it is possible, after having 
closed the slidable valve 3 to fill Said pot again, 
completely or in part, during such intermediate 
stage. 
Under the action of the hydraulic pistons actu 

atting the push rods 65 and the cross member 64 
which in turn actuates the tie rods 63, and by 
venting the pipe 73, the pistons 54 and 53 as well 
as the piston 56 may be caused to recede. In the 
same way, by venting the cylinder 64 and apply 
ing pressure to the cylinder 46, the mould assem 
bly 7, 39 is opened and it is then possible to 
extract the die castings. The previously de 
scribed cycle of operations may then be renewed. 
The apparatus described is adapted for use in 

filling most of various capacities without replace 
ment of the cylinder 5, because of the position 
of the intermediate pot 8. Thus, the pot 8 and 
the cylinder 5 may be used as additional supplies 
for the injection of amounts of metal greater 
than the cylinder 5 may contain or greater than 
the capacity of the pot 8 alone. For this purpose, 
it is possible to both fill the pot 8 and, without 
altering the positional setting of the piston 56, 
Open the slidable valve 3 and cause the hollow 
piston f 5 to expel the molten metal in cylinder 5. 
This operation may be repeated several times, 
the mould being gradually filled up to the point 
Where the mould only has to receive an amount 
of metal equivalent to the capacity of cylinder 5. 
At that time the piston 56 is actuated in the man 
ner previously described. 

Moreover, upon alteration of the capacity of 
the mould and without altering the compression 
device comprising cylinder 5 and its piston 56, 
thus changing all the characteristics of the ma 
chine, it is possible to fit a pot 8c of different 
capacity and only change the hollow piston 5c 
(Fig. 9). In order that the pot 8 be readily re 
Inovable, it is possible, for instance, to have said 
pot fitted to a front cylinder member 5a (as 
shown in Fig. 3), said front cylinder having a 
bore of the same diameter as the cylinder 5 and 
being secured through a fiange 5b and tie-rods 5c 
provided with nuts thereon, to the front support 
2. The cross-member 24 is so mounted as to per 
mit adjustment thereof with respect to the front 
Support in response to varying diameters of the 
pots such as 8 (Figs. 5 and 6) or 8c (Fig. 9). A 
changing of mould can be effected without 
changing all the injection mechanism. 
The operation of the machine having just been 

described there Will noW be disclosed an exem 
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plary embodiment of an automatic control Sys 
tem for said machine, particular reference being 
made to Figs. 7 and 8. In this embodiment, it 
will be understood that the movements of the 
piston 28 are controlled by the operation of 
manually actuated controlled valves, Suitable 
hydraulic or electrical relays (not shown in the 
drawings) being interposed in the circuits. 
The automatic controlled equipment comprises 

an electric motor 80 which actuates a speed 
change gear 8 f, in the output of which an elec 
tric brake 82 is arranged. The output shaft from 
the brake 82 projects into a reducer gear 83 whose 
output shaft 86 is coupled through a coupling 
means 85 with a cam shaft 86 adapted to actuate 
a plurality of valves S, S2, etc. . . . Si (). The 
shaft 86 further includes a cam 8 which controls 
the opening of an electric contact in the control 
circuit. Said control circuit includes a Supply 
Source for the notor 39 and further includes a 
trip contact means, or switch 88 actuated by the 
rod 35 since the beginning of its stroke. 
When the moulding operations are about to be 

commenced, downward movement of the piston 
5 is caused and the electric control circuit is 

closed by action of the rod 35 on the trip contact 
means 88. The motor 8 is started and the brake 
82, released. The camshaft 86 is set into rota 
tion, successively controlling the various valves S. 
The cam 8 after having completed a revolution 
is effective to cut off the circuit. The brake is 
clamped on and the motor stopped. The SWitch 
88 is opened. The automatic controlled mecha 
nism therefrom performs, a complete cycle of 
operations under manual control. 
The valve box 89a is connected through a 

Suitable piping With a Series of relay valves dia 
grammatically indicated in Fig. 7. Each of Said 
relay valves is controlled by a piston, such as 
piston 400, and is formed as a slide valve, such 
aSSlide valver 4, the construction of Said relays 
being of Well known character and requiring no 
further description. Upon the relay valve con 
trolling piston being Subjected to pressure, the 
side valve member thereof rises against the op 
posing action of a returned Spring, Such as Spring 
402, and communication is established between 
the two-upper pipes connected with the valve 
casing. Said relay valves are all identical. 
In order to simplify the drawings a pressure 

accumulator Al - has been conventionally indi 
cated as well as a pressure accumulator A2 and 
each of the controlled valves is indicated by a 
circle provided with a suitable reference desig 
nation. The accumulator Af, supplies a pressure 
of about 1700 lbs. p. s. i. while the accumulator 
A2 supplies an operating pressure of about 430 
lbs. p. S. i. by means of a common noncompres 
sible operating pressure fluid, said fluid being 
pumped from a drain tank by pumps, these well 
known devices needing no further description and 
representation. 
To facilitate the disclosure, the apparatus will 

be described progressively in connection with its 
successive stages of operation. 

Closing of the mould 
The switch 88 closing, the motor 80 is started 

and the valve ST provides communication from 
the accumulator A? to a pipe 403 which ter 
minates below the operating pistons of the re 
lays 02, 03. The relays 02 through the slide 
valve member thereof provides communication 
from a pipe 404 opening into the cylinder 46 to a 
pipe 405 which leads to the drain tank W. The 
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piston 43 is free to recede at a rate as adjusted 
by a valve 202. At the same time, the slide valve 
of relay 03 has provided communication from 
the accumulator A2 to a pipe 406 which leads to 
the cylinder 44 through an adjusting valve .203 
and an automatic check valve 303 which only 
permits the flow of fluid in the direction indi 
cated by the arrow. The cylinder 44 becomes 
filled with fluid at a pressure of 430 lbs. p. S. i. and 
the mould cover 39 moves towards the mould 7. 

Moving of the cores when the mould is provided 
aurith, 

The valve SO is then open and provides con 
munication from the accumulator A through 
the operating piston for relays 07 and 05 whose 
slide valve members operate. The accumulator 
A through the slide valve of relay 06, Supplies 
pressure fluid to the top of the double acting 
cylinders 89,90 while at the same time the bot 
tom of cylinders 89,90 is drained off through the 
slide valve member of relay. OT to the drain tank 
W. It is possible in this manner to cause the 
insertion of core-carrier members 9, 92 into the 
mould , 39. 

Filling up of the mould 
The valve S is then Open, establishing com 

munication from the accumulator A2 to the piston 
of relay 09. The slide valve member of relay 
09 provides communication from accumulator 
A to a pipe 407 connected to the cylinder 53. 
The connecting pipe. 407-for relay 09 communi 
cates also with a one way check valve 304 through 
which the fluid may flow and which communi 
cates through the pipe 408 with the cylinder 4 
which thus remains under pressure. 
Opening the valve S therefore results in ad 

vancing the piston 54 under the 1700 lbs. p.s. i. 
operating pressure, the molten metal contained 
within the injection cylinder 5 is Squirted into the 
mould under said preSSure of 1,700 lbs. p. S. i. 
during the completion of the full stroke of piston 
54. The mould is filled with molten metal and 
piston 54 remains stationary at the end of its 
full stroke. At the same time, the valve Sl 
through pipe 409 causes the accumulator A2 to 
communicate with the operating piston of a relay. 

2 the slide valve member of which provides 
communication with the drain tank W for a pipe 
40 which opens into the cylinders of the return 
pistons 65. The latter are therefore free to re 
cede when the piston 54 is free to advance. 

Application of eaccess pressure 
At that time the valve S2 opens and establishes 

communication from the accumulator. A to a pipe 
leading to the control piston for relay i? . The 
slide valve member of this relay is opened and 
the accumulator Af then Supplies a pipe 4t 
which leads to the cylinder 52. This cylinder is 
put under pressure. The said pipe 4f communi 
cates through the check valve 3d through which 
the fluid can flow with the valve member of relay 
09: open consequently to the communication es 

tablished between accumulator A and the piston 
of relay O9 through check valve 32 and the 
check valve 394 through which the fluid can 
flow. However, the outlet from relay 09 is closed 
by the check valve 39. The check valve 304 
therefore makes it possible to distribute the fluid 
through the pipe 498 to the cylinder 44. Any 
increase in pressure at the level of the check 
valve 304 will thus at that time be transmitted to 
the cylinder 44. The pressure of 1,700 lbs. p.s. i. 
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admitted into the cylinder 52 generates in the 
cylinder 53 which remains filled of liquid a pres 
sure applied to piston 54 and which is multiplied 
in the ratio of the sectional areas of piston 5 
to that of piston 53 and such multiplied pressure 
is transmitted through a connection to the check 
valve 304 which in turn transmits the multiplied 
pressure to the cylinder 44 for equalizing the pres 
sures applied to the die. The multiplied pres 
sure is maintained by the relay to closed and 
the check valve 3 closed in this direction. 
During a time which is considerably less than 
the time necessary to complete the full stroke of 
injection piston 54 the metal is die cast under 
pressure in the mould both sections of Which are 
strongly applied against each other, thereby to 
apply an excess pressure to the metal filling the 
mould and which is yet in pasty condition. Pis 
ton 54 remains stationary at the end of its full 
stroke. 

IAoving back of injection piston-S 
At that time the valve S3 opens and establishes 

communication from accumulator Al to a pipe 
connection leading to that operating piston for 
relay is. The slide valve member of the latter 
opens and causes communication with the drain 
tank V through the pipe 4:2 of the operating pis 
tons for relays C and 5 whose slide valve 
members close. The relay 95 closed cuts off 
the intake of fluid into the upper chambers of 
the pistons 89 and 96. The relay to closed cuts 
off communication from the lower chambers of 
the pistons 89, 90 to the drain tank. The fiuid 
flowing fron accumulator A through valve S3 
open is arrested by automatic valve 34 through 
which the fuid cannot paSS in this direction. 
At this point the valve S4 opens and provides 

communication from accumulator A to a pipe 
4 3 leading to the operating piston for relay 3. 
The slide valve member of said relay. 3 opens 
and establishes communication from the ac 
cumulator Ai to a pipe leading to the cylinders 
of both pistons 65. The said cylinders are thus 
placed under pressure and attempt to cause the 
piston 54 to move back, adjustment of the rate 
of this backward movement being possible 
through valve 205. From the valve S4 a pipe con 
nection 4f 4 leads to the piston of the relay . 
The slide valve member of the latter rises and 
vents the outlet connection of valve 3 and the 
outlet connection of the valve 394 to the drain 
tank V, the last mentioned valve 384 being in 
pervious to the fluid in the direction considered, 
while the valve 3 allows the fluid to flow there 
through for draining the cylinder 52. At the 
same time the relay ?o vents to the drain tank 
the supply connection for cylinder 53 from which 
the multiplied pressure is then released. Simul 
taneously the valve S4 establishes communica 
tion from the accumulator Al to the piston of 
the relay 5 whose slide valve member vents 
the pistons of relays 02 and 93 to the 
drain tank; the slide valve members of the last 
mentioned relays close. Communication from 
the cylinder 46 to the drain tank is cut off and 
communication from cylinder 44 to the 430 lbs. 
p.s. i. operating pressure is also cut off. 

Moving up of the CoreS 
Furthermore the valve S4 provides connunica 

tions from accumulator A to the pistons of the 
relays 06 and 08. The relay 06 vents the 
upper chambers of cylinders 89, 90 to the drain 
tank while the relay 18 causes communication 
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relay 9. 

O 
from accumulator A to the lower chambers of 
the cylinders 89, 90. 
The core-carriers 9, 92 move up. 

Ventings 

At this time, the valve S5 vents to the drain 
tank W the pipe connection leading to the pis 
ton of the relay fl; the slide valve member of 
said relay 4 moves down and cuts off the Went 
ing communication for the pipe 42 leading to 
the pistons of relays 05 and , and at the 
same time cuts off venting communication for 
the pipes leading to the pistons of relays 99 
and 2, as well as the venting communication 
for the piston of relay through the check 
valve 32. At the same time, through the check 
valve 34 open to the fluid in this direction, the 
valve S5 vents the piston of relay 3, Which 
cuts off the pressure admitted into the cylinders 
of pistons 65; the pistons 65 have at this time 
finished their return Stroke restoring to their 
rearward position the pistons 53 and 54, Whose 
connecting pipes were vented through the relay 

O. The check valve 35 has vented the pis 
ton of relay 99 and the slide valve member of 
the last mentioned relay, closed at the time, has 
cut off communication with accumulator A, 
check slide valve 309 and outlet pipe of the Walve 
member of said relay 99. When the valve S5 is 
opened upon the slide valve member of relay 8 
dropping back, said opening cuts off the Went 
ing communication provided by the latter relay. 
At this point the valve S6 opens and vents 

the pistons or relays 8 and 6 whose 
slide valve members drop back. The relay 06 
Stops the Venting of the upper chambers of the 
pistons 89 and 90 and the slide valve member of 
relay 08 cuts off communication between the 
lower chambers of pistons 89, 9 With accumu 
lator A, causing the cores 9, 92 to remain up. 

Opening of the mould 
Then the Valve S9 opens, providing communi 

cation from accumulator All to the piston of 
The slide Wave member of this relay 

causes communication from accumulator Al to 
the cylinder 46 Whose piston tends to recede. 
Through the same valve S9, the accumulator Af 
is connected With the piston of relay 04, whose 
slide valve member opens and connects the ac 
cumulator A2 through check valve 300, open in 
this direction, and cylinder 44 which can be ex 
hausted under the action of piston. 43. The 
mould assembly 7, 39 opens up, and the castings 
may be removed therefron. 
At the same time the valve S9 causes com 

munication from the accumulator A to the pis 
ton of relay 5 through the check valve 3 
Open in this direction, and the slide valve men 
ber of the relay 5 is raised to vent the pistons 
of relays 02 and 3 whose slide valve members 
are lowered. 

Coming back at rest 
At this point the valve S9 opens and vents the 

outlets of the check valve 3 and the piston 
of relay 5. The relay 04 the piston of which 
is vented by said check valve 30 cuts off com 
munication from cylinder 44 to accumulator A2 
While relay 5 cuts off communication from the 
pistons of relays 02 and 03 to the drain tank V. 
The entire apparatus is then restored to its idle 
condition and, at this point, the cam 87 cuts off 
the Supply for the motor 89. It will be noted 
that the pressure of about 7,100 lbs. p. s. i., 
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which corresponds to the above mentioned mul 
tiplied pressure, only acts for a short period of 
time upon the side walls of the mould assembly 
and more particularly on the sealing services of 
the joint in the latter. Said pressure is Only 
effective during the time in which the same preS 
sure is exerted on the molten metal being die 
cast. 
The above described operation will be repeated 

anew each time that the pistons 5 have been 
caused, under a manual control operation, to 
begin to go down before expelling the molten 
metal into the cylinder 5. 

All the so controlled-operations are Swiftly full 
filled. 

It will of course be underSto0d that modifica 
tions may be made in the constructional details 
disclosed without exceeding the Scope Of the ill 
vention as defined in the enSuing claims. 
What I claim is: 
1. In a pressure casting machine having an 

injection piston reciprocable within an injection 
cylinder for injecting material into the mold 
cavity of a twin-part die, one part of Said die be 
ing Secured on the injection cylinder and a die 
closing piston connected to the other part of the 
die and movable in a die closing cylinder; the 
combination of two telescoped coaxial differen 
tial pistons the smaller of which is reciprocably 
mounted within the bigger one and is connected 
With Said injection piston, a constant hydraulic 
preSSure Supply Source, means for applying con 
Stant hydraulic preSSure from the source to said 
Smaller pistOn to effect a full stroke of said in 
jection piston through the injection cylinder for 
injecting the material in molten condition into 
the mold cavity of the die under a constant pre 
determined pressure, means for applying said 
constant hydraulic pressure to the bigger piston 
of Said telescoped differential pistons when said 
full stroke of the injection piston is completed 
during a period of time which is considerably 
Shorter than that necessary to complete the fill 
ing of the mold cavity with molten material, 
means for isolating the interior of said bigger pis 
ton from Said Source of constant hydraulic pres 
Sure so that the bigger piston remains full of liq 
uid when said hydraulic pressure is applied 
against Said bigger piston thereby obtaining an 
hydraulically multiplied pressure in said interior 
of the bigger piston to apply an excess force to 
Said injection piston while the latter is station 
alry and during Said shorter period of time, there 
by to exert an excess pressure on the injected 
metal while it is still in pasty. condition, and 
neans Operative during said shorter period of 
time to communicate said interior of the bigger 
piston with said die closing cylinder for apply 
ing Said hydraulically multiplied pressure to the 
part of the die which is not connected with said 
injection cylinder. 

2. In a pressure casting machine having an in 
jection piston reciprocable within a fixed injec 
tion cylinder for injecting material into the mold 
cavity of a die, a fixed die section secured on the 
injection cylinder and communicating there 
with, and a second movable die section; the com 
bination of a single acting piston carrying said 
Second die Section, an operating cylinder Within 
which said single acting piston moves, a double 
acting Operating piston connected with the in 
jection piston, a double acting hollow piston hav 
ing a cavity within which said double acting op 
erating piston is reciprocably mounted, a mull 
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tiplying cylinder within which said hollow pisa 
ton is reciprocably mounted, a hydraulic pres 
sure Supply Source, first Valve means for con 
necting said source with said operating cylin 
der to effect closing of the die by the application 
Of the - movable die Section against the fixed die 
Section and for maintaining the same closed 
during an injection step, second valve means op 
erative when the die Sections are : closed to con 
nect said source with the cavity of Said hollow 
piston at the beginning of the injection step for 
applying the hydraulic pressure against said 
double acting Operating piston to thereby inject 
the material in molten condition into the mold 
cavity of the die under a constant predetermined 
injection preSSure, Said Second valve meansber 
ing Operative to maintain the connection between 
Said Source and Said cavity until Said injection 
piston has completed its full stroke and the 
isolating Said cavity from said source, third valve 
means for connecting Said source with said mul 
tiplying cylinder, fourth valve means for con 
necting said cavity with said operating cylinder, 
and a device Operative to render Said third and 
fourth Valve means simultaneously effective dur 
ing a period of time which is considerably less 
than that necessary to complete the filling of 
the mold cavity with molten material so that the 
cavity of Said hollow piston isolated from said 
Source remains full of liquid for applying the 
thus obtained multiplied hydraulic pressure dur 
ing Said shorter time against said injection pis 
ton which remains stationary and against said 
Single acting piston carrying the movable die 
Section. So that an excess pressure is exerted on 
the injected metal while it is still in a pasty con 
dition. 

3. In a pressure casting machine of the type 
having an injection piston reciprocable within 
a fixed injection cylinder for injecting molten 
material into the mold cavity of a die; the con 
bination of an auxiliary cylinder acting as a 
pot for the molten material to be injected, said 
auxiliary cylinder being perpendicular to the 
injection cylinder and having a discharge nozzle 
connecting the same with said injection cylinder, 
a plunger novable in said pot for discharging 
the molten metal contained therein into saidin 
jection cylinder, means for maintaining constant 
the temperature of the molten material in said 
pot, means for closing the connection between 
Said discharge nozzle and said injection cylinder, 
and means for actuating said closing means in 
relation to the position of said plunger in order 
to charge said injection cylinder with molten ma 
terial in an amount corresponding to the capacity 
of the mold cavity, means for actuating said 
plunger, and means for actuating the injection 
piston only When the amount of material neces 
Sary to complete the filling of said mold cavity 
is no greater than the total capacity of the in 
jection cylinder. . . . . . 

4. In a pressure casting machine, the combina 
tion according to claim 3, wherein said pot has 
a capacity Smaller than that of the mold cavity 
of the die and including means for operating said 
closing means and the plunger actuating means 
as many times plus one as the capacity of the 
mold cavity contains an integral number of times 
the capacity of the pot for successively discharg 
ing from said pot into said injection cylinder 
anounts of molten metal the sum of which cor 
responds Substantially to the capacity of the 
mold cavity. . . . , 

5. In a pressure casting machine, the combina. 
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tion according to claim 3, wherein said closing 
means comprises a slidable valve located between 
said pot and the injection cylinder and having 
a slide formed therein, and wherein the means 
for actuating said valve comprises two cams 
fixedly connected with said plunger and Succes 
sively engaging in reverse directions said slide 
formed in the valve for closing and Opening the 
latter. 

6. In a pressure casting machine, the con 
bination according to claim 3, wherein Said pot 
is one of a plurality of pots having different ca 
pacities, each of said pots being mounted on a 
corresponding detachable front cylinder men 
ber constructed and arranged to be carried by 
the injection cylinder and wherein the pot of the 
selected unit formed by a pot and the correspond 
ing front cylinder member and mounted on said 
injection cylinder has a capacity which is no 
greater than the capacity of the mold cavity of 
the die to be used. 

JAME DE STERNBERG. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 

O 

15 

20 

25 

Number 
1724,332 
1781,168 
1916,495 
1922,598 
1940,063 
1983,303 
2,181,157 
2,182,059 
2,206,211 
2,214,308 
2,293,087 
2,363,759 
2,397,512 

Number 

4. 
UNITED STATES PATENTS 

Name Date 
Will et al. -------- Aug. 13, 1929 
Dollin et al. ------ Nov. 11, 1930 
Shaw -------------- July 4, 1933 
Morin ------------ Aug. 15, 1933 
Sherman ---------- Dec. 19, 1933 
Newton ------------ Dec. 4, 1934 
Smith ------------ Nov. 28, 1939 
Schwartz ---------- Dec. 5, 1939 
Wagner ------------ July 2, 1940 
Polak –----------- Sept. 10, 1940 
Tann -------------- Aug. 18, 1942 

1944 ,28 .Nov ------------------? Waldie 
Schwartz et al. ------ Apr. 2, 1946 
FOREIGN PATENTS 

Country Date 
Great Britain ------ Feb. 16, 1942 543,216 


