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11 Claims.

This invention relates to fluid pressure actu-
ated motors and the control thereof, and more
particularly to hydraulic presses and a method
and mechanisms for controlling the operation
of the ram eclements thereof. )

One object of the invention is to provide an

improved method of operation, and control or .

operating means for fluid actuated motors, which
will insure efficient, smooth and rapid operation
of the motor, and which, while being relatively
simple and easy to operate, will' be dependable
in operation.

Other- objects of the invention are to provide

an efficient metal drawing press and operating
mechanism therefor of improved and.desirable
construction; also to provide improved control
mechanism for presses and analogous fluid oper-
ated motors by which the ram element is moved
rapidly in its working stroke until s substantial
resistance is encountered, then moved at reduced
speed under increased pressure until a predeter-
- ‘mined maximum pressure is attained, or the ram
element reaches a predetermined position, and
the ram element is then retracted to initial open
position.

Other objects of the invention are to provide
a novel and improved control or operating valve
for fidid motors or presses; also to provide a novel
operating mechanism for the work clamping or
holding element of metal drawing presses.

Other objects and advantages will be apparent
from the following description of some embodi-
ments or examples of the invention, and the
novel features will be particularly pointed out
hereinafter in connection with the appended
claims.

The accompanying drawings illustrate the im-
proved control mechanism as applied to press
motors of different types and also illustrate some-
what different control or operating mechanisms
embodying the invention.

In said drawings: . .

Fig. 1 is a schematic diagram of an ordinary
fuid actuated press or ram motor with control
or operating mechanism embodying the inven-
tion, and showing the position of the main con-
trol valve when the press is open and idle.

Figs. 2, 3 and 4 are sectional views of the main
control valve and showing respectively the posi-
tions of the movable valve element for high speed
‘forward movement, reduced speed full pressure
forward movement and return movement of the
movable press element. S

Fig. 5 is a schematic view similar to Fig. 1, but
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showing a somewhat modified embodiment of
the control or operating mechanism.

' Fig. 6 is a view, partly in sectional elevation
and partly schematic, showing a hydraulic metal
drawing press with control or operating mecha-
nism embodying my invention.

Referring first to Figs. 1-4 of the drawings,
the fluid actuated motor comprises a ram ele-
ment | with a piston 2 arranged to reciprocate
in a cylinder 8 having a main cylinder cavity 4
at one side of the piston to which fluld under
pressure is admitted to force the ram outwardly
in a working stroke, and a pull back cylinder
cavity 5 at the opposite side of the piston to which
pressure fluid is admitted for retracting the ram
I. These parts are typical of hydraulic press
motors in some of which the main and pull back
pistons operate in separately housed cylinders

~ but are connected for retracting the ram element,
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and it will be understood that this invention
relates to the operation of the ram element in
one direction by pressure in a main cylinder and
in the opposite direction by pressure in a pull
back cylinder, whether the main and pull back
cylinder pressures operate on the same or dif-
ferent pistons or movable elements connected to
the ram element.

6 indicates & pump arranged to draw fluid
through a pipe T from a reservoir or supply tank
8 and deliver it under pressure through a main -
discharge or supply pipe 9 for actuating the
motor. The pump may be, as represented, a
constant displacement pump, or it can be of the
variable delivery type, and other sources of oper-
ating fluid under pressure may be employed in
place of the pump and reservoir shown. .

10 represents a main motor-operating or con-
trol valve comprising, as shown, a movable valve
element or piston {{ arranged to reciprocate in
a casing. The valve casing is connected to the
supply pipe 8 and is connected by a pipe 12, to
the main cylinder 4 and by a pipe 13 to the pull
back cylinder 5. A pipe 14 having branches 14c
and 14b leading to'spaced points of the valve
casing i1, connects the valve directly with the
reservoir 8. ‘These pipes.communicate with the
piston cavity of the valve 10 through ports in
the casing walls, each of the pipes 8 and 12 pref-
erably communicating with the cavity by two
branch ports. The movable valve element (1 is
provided with lands 15, 16, 1T and 18 arranged
to open and close these ports to control the flow
of the fluid through said pipes.

Fig. 1 shows the position of the press ram and
of the valve element 11 when the press is open’
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and idle. In this position of the parts, the land
18 closes the port to the pipe {3, and the land
18 is disposed between the branch ports of pipe
12 while the lands {71 and {8 are located respec-
ticely above and below the ports to pipes {4b and
fda. The pressure fluid can then pass from sup-
ply pipe 8 through the valve and pipe 12 to the
main cylinder 4, while land 15 shuts off pipe 13
-and prevents discharge of fluid from the pull
back cylinder 5. . Also, the fluid can pass from
supply pipe 9 through the valve cavity and around
.land 16 through the branch ports of pipe 12 and
through branch I4b and pipe {4 to the reservoir.
Thus, the fluid can circulate from the pump
freely back to the reservoir without creating op-
erating pressure in the main cylinder 4, and

therefore, the press ram [ is held in its upper-

most or open position by the confined fluid in
the pull back cylinder §. -

The outward or working stroke of the ram 1
from the open, idle position shown is caused by
shifting the valve element 11 to its uppermost
position, shown in Fig. 2. Then the land 15 is
disposed between the branch ports of supply pipe
'8 while lands 18 and 18 respectively close the
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ports to branch pipes 14b and I4a. The fluid will -

then pass from the supply pipe 9 around the
land IS and through pipe 12 to the main cylin-
der 4 and the fluid will discharge from the pull
back cylinder 5 through pipe (3 into the valve
and around the land 15 through the branch ports
of supply pipe 9 and through the pipe 2 into
the main press cylinder 4. Thus, since the fluid
is delivered at pump pressure to the main cylin-
der and fluid is also bypassed freely from the pull
back cylinder into the main cylinder, the maxi-
mum supply of fluid will be delivered to act on
the larger area of the ram piston in the main cyl-
inder, and the ram { will be moved outwardly at
its highest speed until the press closes against the
work and pressure builds up in the main cylinder
4. At such time the valve element {1 is shifted,
preferably automatically, as later explained, to
its next lower position, shown in Fig. 3, which is
the low speed full pressure position of the valve 10,
Then, fluid can exhaust from the pull back
cylinder 5 through pipe i3, valve {0 befween
lands 15 and {8 and through pipes {4a and 14
to the reservoir. Also, fluid will be delivered from
supply pipe 9 through the valve between lands
i5 and 16 and pipe {2 into the main cylinder
cavity 4. The working stroke of the ram | will
therefore be continued at full pressure but at a
reduced speed, since the pull back cylinder is
opened to exhaust and the fluid is supplied to
the main cylinder at full pump pressure, but is
not supplemented by the volume of liquid by-
passed from the pull back cylinder, as during
the initial high speed movement of the ram.
When the ram 1 reaches the limit of its work-
ing stroke, .or is subjected to a predetermined
maximum pressure, the valve element {1 is shift-
ed, preferably automatically, as later explained,
and through its intermediate idle press position
shown in Fig. 1, by which pressure on the ram
in the main cylinder is relieved, to the ram re-
turn position shown in Fig, 4. In this fourth
position of valve element. (I, the fluid can dis-
charge from the main cylinder cavity 4 through
pipe 12, valve 10 between the lands 16 and 17
and pipes (4b and 14 to the reservoir, and fluid
will be delivered under pressure from the supply
pipe 9 through the valve between the lands {5
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thus returning or retracting the ram to the idle,
open position shown.

The mechanism for automatically shifting the
movable element of control valve {0 to effect the
above stated operation of the press ram, as illus-
trated in Fig. 1, is constructed and operates as
follows: :

20 represents a pilot valve comprising, as
shown, a valve element or piston 2{ arranged to -
move in a cylinder casing and provided with two
spaced lands 22. - The casing of this valve 20 is
connected by a pipe 23 to supply pipe 9 and by
pipes 24 and 2§ respectively to cylinder cavities
26 and 27 in the main valve 10 below and above
the main valve element {1. The pilot valve cas-
ing is also connected with the reservoir 8, as by a
pipe 28 connecting with pipe 14, said pipe 28
having branches connecting with the cavity of
the pilot valve above and below the ends of ele-
ment 2f. In the open position of the press, ele-
ment 2f is held down in the position shown in
Fig. 1, as by a spring 29 in the valve casing above
element 21, and fluid is delivered from supply
pipe 9 through the pipe 23, the pilot valve and
pipe 25 to cylinder area 271 of the main valve
above element i1, while the cylinder area 26 of
the main valve below element Il is connected
through pipe 24, pilot valve and upper branch of
pipe 28 to the reservoir. The main valve element
fl is thus held down in its intermediate idle
position shown in Fig. 1.

Downward movement of the main valve ele-
ment {1 beyond the intermediate position shown
in Fig, 1, by the fluid pressure on its upper end,
is preferably prevented by engagement of the
element with the stem of a stop piston 30 which
is arranged to move in a cylinder cavity 3{ in
the lower end of the main valve casing, and at
the time is held in its upper stopping position
urider the control of the press ram, as herein-
after explained. .

The main valve element il is shifted to its
uppermost, Fig. 2 position for initiating the work-
ing stroke of the press ram I, by moving pilot
valve element 21 upwardly, which can be done
manually, as by an operating lever 32, shown hy
dotted lines, connected to a projecting stem of
element 21, or by means, preferably electrically
operated, illustrated in Fig. 1 and presently de-
scribed.

When the element 21 is thus raised against the
action of its spring 29, it connects the lower cyl-
inder area 26 of the main valve 10 through pipe
24, pilot valve and pipe 23 to the supply pipe 9,
and relieves the pressure in the upper cylinder
area 21 of the main valve through pipe 25, pilot
valve 20 and pipe 28, which leads to the reservoir.
Fluid pressure above a pilot piston 33 in a cylinder
34 at the upper end of main valve 10 is relieved
at this time through a bleeder element 35 in a
pipe 36 connecting cylinder 38 with pipe 18 so
that piston 30 can move up and not oppose the
ascent of main valve element {1 to the uppermost
position. . . )

The electrical operating means for the pilot
valve 20, as shown, comprises a solenoid 31, the

- core of which is connected to a projecting. stem

and 16 and pipe 3, to the pull back cylinder, 78

of pilot valve element 21, and the winding of -
which is connected across main line conductors
L, I” by conductors 38 and 38, and a relay switch

. 39 controlling the solenoid. A starting push but-
ton switch 40 in the main line is adapted, when

closed to connect the magnet winding 41 of relay
sw@tch 39 across the line and close the relay
switch, thus completing the circuit through the
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solenoid 31, and thereby lifting the pilot valve
element 2{ and starting the work stroke of the
ram, as before stated. When the relay switch
39 is closed to start the press, it also closes a
holding circuit, comprising a conductor 42 ex-
tending from the conductor 38’, contact piece 42a
of the relay switch, conductor 42b, the movable
member of a pressure operated reversing switch
43, conductor 44, and line conductor L’ and a
second push button switch 45 in line conductor
L’ through the winding 41 of relay 39 back to line
conductor L. The pressure operated switch 43

and second push button switch 45 are normally \

closed, and when the starting push button switch
40 is closed to start the press and then released,
the holding circuit will-remain closed and hold
. the relay switch closed and the solenoid operated
pilot valve in its starting position until the hold-
ing circuit is broken.. This may be done auto-
matically by the opening of the pressure operated
switch 43, as later explained, or by operation of
the second push button switch 45, manually at

any time. This electrical operating means, in- .

cluding the actuating solenoid for the pilot valve
20, the relay switch and holding circuit, are of
usual construction and operation and are de-
scribed simply to explain the operation thereof,
Any other suitable electric means controlling the
operation- of the pilot valve and including a
switch, as 43, adapted to be automatically oper-
ated under the control of the press ram for re-

turning the ram and pilot valve element to nor-

mal position, could be employed.

45 indicates a ram=-operated reversing valve
which, as shown, comprises an element or piston
47 movable in a cylinder and adapted to be shift-
ed under control of the press ram or platen, as
for example, by an arm 50 connected to the press
ram and adapted to engage a collar or projection
49 on the projecting stem 48 of valve 46, Just

before the press-ram, in its return movement, -

reaches the open, idle position shown, the arm
50 will lift the valve element 47 to the upper
position shown, against the action of a return
spring, which may be a coil spring in the valve
casing above the movable element 41, In this
position the valve 86 applies fluid pressure from
‘the pull back cylinder 5 through pipe 12 and a
branch pipe 52 thereof, the valve 46 and a pipe
53 to the bottom cylinder chamber 3i of main
valve 10, and the pressure holds the stop piston
30 up, as shown in Fig. 1, against a stop shoulder
in the valve casing and thus prevents descent of
"the element 11 of the main valve beyond its inter-
mediate idle position, shown.

When, however, the press ram is started on its
working stroke, the platen arm 50 will move out
of contact with the stem collar of reversing valve
element 47, which will then be moved down by its
spring and cut off communication between pipe
§3 and the pull back cylinder and establish com-
munication from the pipe 53 through the valve

. 48, a pipe 54, and pipe {2 to the main press cyl-

inder 4. At this time main valve element 11 is
in its uppermeost starting position shown in Fig. 2,
to deliver fluid under pressure to the cylinder 4,
and this pressure is thus communicated to the
cylinder chamber 3| to retain stop piston 30 it
its upper position shown during the working
stroke of the press ram. :

When the ram encounters a predetermined re-
sistance to its working stroke, the increased pres-
sure in the fluid pipes 12 and 9, which then com-
municate, will be transmitted through a pipe 55
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operated relief valve 56 of ordinary type into the
cylinder chamber 34 at the upper end of the main
valve 10 above the pilot piston 33. The movable
element of the pressure relief valve 5§ is held
seated or closed by the usual spring, the pressure
of which is adapted to be regulated, as by a screw,
58, so that a predetermined low pressure in the
pipe %8 will open this valve and admit the pres-
sure to the pilot valve cylinder 34. When the
required low pressure is reached, due to the clos-
ing of the press ram against the work, the pilot

* piston 33 is forced down by the pressure on it and

moves the main valve element || down to the
low speed full pressure position shown in Fig. 3.
As at this time, the movable element of the pilot
valve 20 is in its upper position, pressure will be
delivered from the supply pipe 8 through pipes
23 and 24 into the lower cylinder area 26 of main

~ valve {0 below the element i1, and this pressure,
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opposing - the predominating pressure on the
larger pilot piston 33, will prevent over-movement,
of the element 11 beyond its low speed, full pres-
sure position shown in Fig, 3.

Thus, the working stroke of the press ram will'
be continued under full pressure. At the end of
the ‘working stroke of the ram and when a pre-

-determined maximum pressure has been reached,

& pressure relief valve 59, which may be similar
Yo the relief valve 56, but which is set to open at
this maximum pressure, is opened, and thus fluid
pressure is communicated from the pipe 5§
through said relief valve 59 and a pipe 60 to the
actuating device 61 of the pressure-operated re-
versing switch 48. This actuating device, as
shown, comprises a cylinder in which a piston 62
is. movable and having a stem projecting into po-
sition to move the movable element of the revers-
ing switch 43 to open’said switch. The piston 62
is held in its normal retracted position by a
spring 63, which may be arranged in the cylin-
der above the piston, but when pressure is ad-
mitted to the cylinder by the opening of the re-
lief valve 59, the piston will-be moved upwardly
to open the reversing switch, and this breaks the
solenoid holding circuit so that the pilot control
valve 20 is then returned by its spring to its nor-
mal position shown, as before explained.

The pilot valve 20 then, as before stated, con-
nects cylinder area 26 of main valve 10 to the res-
ervoir and applies pressure in the cylinder area 21
of main valve and thus shifts mainvalve element | §
downwardly until it is arrested in the intermedi-
ate idle position shown in Fig. 1, by the stop pis-
ton 30 of main valve 10. At this time, this stop
piston is held up by the pressure beneath it in its
cylinder 31 from the main press cylinder 4
through pipe 54, valve 46 and p'pe §3, and pre--
vents movement of msin valve element 11 down
beyond the Fig. 1 position. Main valve 10 now
connects the main press cylinder 4 through pipes
12, 14b and 14 to the reservoir until the pressure
in main cylinder drops to zero and relieves the
pressure beneath the stop piston 30 and permits
this to recede and allow the main valve element
if to bq shifted to its lowermost or ram return
position by the pressure on the upper end of- ele~

ment (1. . .

- Thus, the main valve cannot -be shifted to re-
turn position and admit the pressure fluid to the
pull back cylinder 5 until the pPressure on the

ram . in the main cylinder 4 has been relieved,

- and this prevents shock, due to sudden applica-

from the supply pipe 9 and through a pressure- 75

tion of opposing pressures, Which would otherw:se
occur in the operating system.
‘The main valve element {1 now being in the
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ram return position shown in Fig. 4, the main

press cylinder 4 is connected through pipes (2,
14b and I4 to the reservoir, and pressure is ap-
plied through supply pipes 9 and {3 to the pull
back cylinder, and the ram is returned to its own
position shown in Fig. 1. Just before the ram
reaches this open position, the ram arm 50 will
shift element 47 of the valve 46 to the position
shown in Fig. 1. This connects the stop piston
cylinder 3f to the pull back cylinder § through
pives 53, 52 and 13, and the pressure will lift
piston 30 and return main valve element Il to
the intermediate idle position shown in Fig. 1,
when as before explained, discharge of fluid from
the pull back cylinder will be shut off by land 15
of main valve 10, and main cylinder 4 will be con-
nected through pipes 12, 14b and {4 to the res-
ervoir. Also, as before explained, the main valve
10 connects the supply pipe 9 to pipes 14b and 14,
so that the pressure fluid is by-passed from the
pump back to the reservoir and the press.will re-
main open and idle until the working stroke of
the ram is again initiated by the operation of the
pilot valve 20, either manually or through the
operating means described.

After the working stroke of the ram has been
arrested by opening the reversing switch 43 by
means of its pressure actuating device 61, the
pressure in the cylinder of this device is relieved
through an ordinary bleeder element 65 in a pipe
66 connected to the reservoir, as by pipe 14. This
permits the movable element of device 61 to be
returned by its spring, thus allowing the switch
43 to close to reestablish the electrical connec-
tions for again starting the press by operation of
the starting push button 40.

In the operation as above described, the re-
turn of the ram is effected at the end of the work-

- ing stroke through the medium of the predeter-
mined pressure operating the pressure-actuated
reversing switch 43 of the holding circuit, but
manifestly the return could be effected by shift-
.ing the main valve when the press ram reaches a
predetermined outward position by the operation
of valve shifting means actuated by the ram
when it reaches a predetermined position in its
outward or working stroke.

The working stroke of the press ram can be
stopped at any desired point and its return effect-
ed by operating the second push button switch 45
to open the holding circuit and thus cause the re-
turn of the solenoid actuated pilot valve 20 to its
normal position. .

The above described 5-way valve construc-
tion is particularly advantageous in a high speed
injection molding machine where speed is of
prime importance, but where most of the for-
ward stroke requires little or no pressure, al-
though some work is being done; also, on small
arbor and general toolroom presses in which
it is an advantage to use a high forward speed
with positive operation from the pump rather
than depend on a prefill system, since in the
small presses there is not enough. weight of the
ram to insure a high forward speed.

Instead of the 5-way main control valve 10
in the system, as shown in Fig. 1, a 4-way valve
and a 3-way valve could be used, as shown in
the modified control system illustrated in Fig. 5.
The 4-way valve 10 can be operated in any suit-
able manner, for example, by means of the pilot
valve 20 and its electrical operating mechanism,
as shown in Fig. 1. The 4-way valve is used
to connect the main press cylinder 4 and also

the pull back cylinder § =alternately to fluid
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supply and exhaust, and the 3-way valve 1i
is used to connect the pull back cylinder either
to the main press cylinder or to exhaust through

_the 4-way valve.

With the exception of the 4-way and 3-way
valves T0 and 71 arranged and connected as
now to be explained, the system may be the
same as illustrated in Fig. 1 and the parts there-
of corresponding with those shown in Fig. 1
are designated by the same reference characters.

'The main valve 70 may be an ordinary 4-way
valve with & piston element moved in opposite
directions in the valve cylinder by admitting
pressure fluid from the supply pipe 9, as under .
conirol of the pilot valve 20 through pipe 24
or pipe 25 to the pilot cylinder cavities 26 or
27 in the valve casing above or below element
T72. The pilot valve 20 may be operated to start
the press by pushing the starting push button
40 to energize the solenoid 37, and the pllot
valve may be returned to its normal or open
press position under control of the  reversing
switch 43 operated by the pressure-actuated de-
vice 61, as explained in connection with Fig. 1.
The main valve 10 applies pressure either from
supply pipe 9 through pipe {2 to the main cyl-.
inder 4 or from supply pipe 9 through pipe 13
to the pull back cylinder 5. However, the 3-way
valve Tl is interposed in the line 13 between
main valve and the pull back cylinder. The
movable piston or element 13 of 3-way valve
T, which is preferably operated by a pilot piston
T4 of larger area than element 73 and having
a stem engaging element 73, is normally held
down as shown, by a spring 15 which may be
arranged in the cylinder above the pilot piston
14. In this position, valve 7t connects the pipe
13 to the pull back cylinder through a pipe 16
so that main valve 710 is connected to the pull
back cylinder, as in the Fig. 1 arrangement,
without functioning of the 3-way valve 1.

Beneath the element 13, the 3-way valve has
a cylinder cavity 77 connected by a pipe 78 and
the pipe 24 to the lower cylinder cavity 26
of main valve 70, and also to the pilot valve
20. When the pilot valve 20 is raised, as by
operating the push button switch 40, pressure

. is applied through pipe 24 to cylinder cavity 26 -
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of main valve 10 to shift the element 12 upwardly
to apply pressure from supply pipe 9 through
pipe {2 to main cylinder 4. At this same time,

_pressure ‘is applied through -pipe 1§ to cyl-

inder cavity 7T of 3-way valve Tl, thereby lift-
ing element 73 and connecting pipe 76 from
the pull back cylinder, through a pipe 19, and
the pipe 12 to the main cylinder. The pressure
fluid can therefore bypass from pull back cyl-
inder to the main cylinder and the press ram
will be moved in its working stroke at its highest
speed, as in the Fig. 1 embodiment.

‘When the press closes against the work, pres-
sure will be built up in the main press cylinder
4 and line {2 and will operate through a pressure
relief valve 80, corresponding with the relief
valve 58 in Fig. 1, to apply pressure in the
cylinder cavity 81 above pilot piston 74 of the
3-way valve. This moves the pilot piston T4
and shifts element 13 downwardly against the
pressure in the cylinder cavity 71 below said
element, since the pilot piston is of larger area
than the element 13. The pull back cylinder 5
will then be  connected through pipes 76 and
13 to the main 4-way valve 70 and through this
and pipes (4a and (4 to the reservoir, and the
pressure applied in the main press cylinder 4
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will then cause the ram to continue its working
stroke at low speed under full or maximum pres-
sure, since the pull back cylinder is then open
 to exhaust.

During all parts of the cycle, except when the
pilot valve 20 is operated to apply pressure in
cylinder cavity 17 below element 13 of the 3-way
valve, this element will remain down under the
action of its spring 75, and when in this posi-
tion, the pull back c¢ylinder is connected through
the pipes 716 and 13 to the main 4-way valve
10 and the valve 70 functions as a 4-way valve.

In this Fig. 5 medification, a ram actuated
reversing valve 46, like the valve 46 in Fig. 1,
and also a stop piston in the main valve 70
beneath element 12 are employed. 'This valve 48,
in its normal, open press position shown, applies

pressure from the pull back cylinder 5 through -

pipe 16, 3-way valve 11, pipe 13, a pipe 82, valve
46 and pipe 53 into the cylinder cavity 83 be-
neath the stop piston 84 in the main 4-way
valve 10, in order to shift the element 12 of
the 4-way valve to the neutral position shown
when the press reaches the full, open position;
or the ram actuated valve 46, when its movable
element is lowered, by starting the press ram
on its working stroke, wiil apply pressure from
the main press cylinder 4 through pipes 12, 189,
valve 46 and pipe 53 into cylinder cavity 83 of
the 4-way valve beneath the stop piston 84, in
order to prevent full reversal of the element
72 of the main 4-way valve ‘at the end of the
pressure stroke, until the pressure in the main
press cylinder 4 has dropped appreciably. This

prevents reversal of the press ram until pressure -

in the main cylinder is lowered and avoids shock
to the system, as explained in connection with
the Fig. 1 embodiment. Except as explained, the
Fig. 5 embodiment is arranged and operates like
the Fig. 1 embodiment.

In the foregoing description, reference has been
made to vertical movements for various parts, but
this has been done for convenience of reference
and to indicate directions of movement, but it
will be understood that the parts will perform
these relative functions just the same whether
arranged in the position shown or disposed in
horizontal or other positions, and such positions
or movements as are described as either horizon-
tal or vertical, are to be understood as not limit-
ing details of the invention. .

In the metal drawing press disclosed in Fig. 6,
the ram 80 is stationary and fastened in the
head 81 of the press frame and works in a cylinder
cavity 92 in a moving platen 93. The ram has
& Diston head 94 furnished, as usual, with piston
rings, and the portion of the cylinder cavity
above the piston head forms the pull back cyl-
inder 95.

Two passages 96 and 97 extend longitudinally
through the ram 90 from its outer end por-
tion for connection with the pipe lines for the
supply and discharge of operating liquid to and
from the cylinders without the necessity for us-
ing flexible hose or connections. The passage
86 passes through the piston head and communi-

cates with the main cylinder cavity 92 and the .

other passage 97 communicates with the pull
back cylinder 95 above the piston head.

When the lquid is admitted into the passage
96, the platen 93 will be moved towards the
work and when the liquid is admitted to the
other passage 97, the platen will be retracted.
For larger presses with larger rams, the stand-
ard press construction, in which the cylinder is

10

15

20

25

30

45

50

55

60

65

70

7%

5

formed in the sta;tionéry head casting and the _

ram moves with the platen, could be used.

Operating or control means as disclosed either
in Fig. 1 or Fig. 5 can be employed for .operat-
ing the press, the pipe lines 12 and {3 of the
operating system being connected respectively by
the ram passages 896 and 97 to the main and pull
back cylinders; and it being understood that
the lines 12 and 18 are associated and connected
in the control system like the correspondingly
numbered lines 12 and I3 of either Fig. 1 or
Fig. 5, so that the operation of the press can
be controlled in the same manner described in
connection with Fig. 1 or Fig.5, -

The platen 93 has an extension 98 which may
be part of the platen casting, and to which is
fastened a draw punch 89. Suitably mounted on
the press bed 100 is a draw die 101, and the metal
blank 102 to be drawn is placed on the draw die,
as usual. A cavity 103 is shown in the press
bed for mounting the kickout cylinder and piston,
not shown.

104 represents a blank holder platen to the
under side of which is fastened a blank clamp-
ing ring 185. Two or more rams or pistons 106,
secured to the blank holder platen 104, are ar-
ranged to reciprocate in cylinders 107 machined
in or fixed to move with the main platen 93.

" -Hydraulic connections to each cylinder 107

are made through a relief valve. As shown, the -

upper end of each cylinder communicates with
a pipe 108 provided with a pressure opened relief
valve 109 of ordinary construction, for permit-
ting discharge of the operating liquid at a prede-
termined pressure from the cylinder.” The relief
valve may be .closed by the usual spring, the
bressure of which may be regulated by an ad-
justable screw (10. The valve prevents flow of
liquid into the cylinder 107 but allows discharge
of the liquid therefrom, as indicated by the arrow,
when the pressure in the cylinder becomes suffi-
cient to open the relief valve. The two cylinders

coul.d be connected by branches with a pipe .
equipped with a single relief valve 109, but pref-

erably, ac shown, each cylinder has its separate
pipe 108 and valve 109. Preferably, though not
hecessarily, the pipes 108 connect with the pull
back cyhnc;er 95, which is connected in the con-
trol mechanism as explained in connection with
Figs. 1 and 5, thus enabling the discharge of
liquid from the pull back cylinder and the.cyl-
inders 107. Also associated in parallel with each
relief valve 109 is a check valve {1{ which opens
to allow free flow of liquid into the cylinder 107,
but is closed by the liquid Pressure to prevent
discharge from the cylinder.  For the sake of
making the construction clearer, this check valve
is shown in a separate pipe leading from each
cylinder 107 to the pull back cylinder, but if de-
sired, the check valve could be associated with
the relief valve in a single casing or unit in the
pipe 108. ‘ )

It will be noted that the combined relief and
check valves 109, {1 are so constructed that
free flow of the liquid into the cylinders 107
is permitted, but the fluid can only discharge from
these cylinders through the relief. valves under
the pressure necessary to open these valves.

The blank holder platen 104 and main platen
are connected so as to permit relative move-
ment between them, as by two or more rods. 12

slidably mounted. in holes in the platens and

equipped with nuts arranged to engage portions
of the platens so.ag_to allow the platen 104 to
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approach the main platen but limiting its move-
ment away therefrom.

In the operation of such a press, the blank 102

13 placed on the die 10f and the press started
in operation. Both the platens 93 and 104 will
move together toward the die, and even though
the holder platen 104 should stick, it will be
forced ahead because the fluid in the cylinders
107 cannot escape except at a predetermined
pressure through the relief valve 109. When the
clamping ring contacts with the blank, the holder
platen will stop, but the main platen 93 with the
draw punch will continue its travel under the
pressure of the liquid supplied to the main cylin-
der 92. As soon as there is any relative motion
between the platens 93 and (04, the fluid must
be forced from cylinders 101 through the relief
valve or valves 109, and pressure is therefore de-
veloped In these cylinders on the rams 106. Con-
tinued motion of the main ram causes displace-
ment of the fluid from cylinders 07 and con-
tinued application of pressure through the rams
106 and platen 104 on the blank to prevent it
from wrinkling.

If the piece to be drawn is of irregular shape,
it may be desirable to hold decidedly different
clamping pressures on different portions of the

blank, and this is possible in the described con--

struction, since the separate relief valves 109 can
be independently adjusted to give the different
pressures desired on the different portions of
the blank. -

Since during the drawing movement of the
main platen, the main control valve (10 in Fig. 1)
‘connects the pull back cylinder 95 to the reservoir
for discharge of the liquid from said cylinder,
and the cylinders {07 are connected to the pull
back cylinder, the liquid is also discharged from
cylinders (07 through the main valve 10. Thus,
while for convenience and simplicity of construc-
tion, the relief valves {09 are piped to the pull
back cylinder, manifestly, they could be other-
wise suitably connected for delivery and dis-
charge of the liquid to and from the cylinders
107 under the control of the main valve.

When a predetermined pressure has been built
up in the msain ram cylinder 82, or when the
draw platen reaches a predetermined position,
the main valve 10 is reversed to return the main
‘platen to open position in the manner explained
in describing the Fig. 1 control system. The
liquid is then discharged through. the ram pas-
sage 96 and is supplied to the pull back cylinder
through the ram passage 97, and the fluid will
also be delivered through check valves 111 into
the operating cylinders 10T for the blank holder
platen. This will hold the blank holder platen
{04 and maintain pressure on the blank during
the return movement of the main platen, until
the blank holder platen is picked up and returned
with the main platen by the rods 112. Thus,
the blank is stripped from the draw punch by
the blank holder platen during the initial re-
turn movement of the punch.

The main control valve 10 can be operated to
retract the ram, as above described in connection

with ¥ig. 1, through the medium of a reversing

valve actuated by an arm or part 114 connected
to or moving with the main platen 93. It should
be manifest that the metal drawing press de-
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struction in which the main cylinder 92 is sta-
tionarily mounted in the head of the press and
the ram moves and carries or operates the main
platen 93. In such reversed construction, the
relief and check valves 108, 111 could be piped
to a passage extending longitudinally through the -
main ram and communicating with the pull back

" -cylinder at a point just below the piston head
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seribed can also be operated by the modified con-

. trol means illustrated in Fig. 5.
Obviously, the connections from the relief
valves 108 to the pull back cylinder can be easily
effected in a reversal of the described press con-
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of the ram, like the passage 87 in Fig. 6, in which
the ram is stationary.

Presses of this type may be employed for the
operation of the ram of an injection molding
press. The injecting ram is operated by fluid
pressure first at a relatively rapid rate of move-
ment and low pressure, and then later in the
same stroke at a relatively low rate of movement
and high molding pressure sufficient to set the

molding material in the mold, and this change

in rate of movement and pressure is obtained
automatically in accordance with this invention
at the desired point, as hereinbefore explained,
which point js selected as that when the mold is
approximately filled with the molding material

.at which time rapidity of movement is less im-

portant and the high pressure must be applied
to set the molding material in the mold. Such a
change is accomplished quickly and automatically
by the press and. control system therefor which
has been hereinbefore explained and illustrated.

It will be understood that various changes in
the details which have been herein described and
illustrated in order to explain the nature of the
invention, may be made by those skilled in the
art within the principle and scope of the inven-
tion, as expressed in the appended claims.

I c]aim as my invention:

1. The combination with a hydraulic press
comprising a main cylinder, a pull back cylinder,
and a ram element operated in opposite direc-
tions by liquid pressures in said cylinders, of a
valve and connections to supply liquid under -
pressure to each cylinder and release liquid from
the other cylinder alternately, said valve having
a movable element, a pilot member actuated re-
sponsive to pressure in the main cylinder for
moving said valve element to apply increased
pressure in the main cylinder after an initial
movement of the ram element in one direction,
and a supplemental pilot member actuated re-
sponsive to pressure in the main cylinder for pre-
venting movement of said valve element to the
position to deliver liquid to the pull back cylin-
der for returning the ram element until after the
pressure in the main cylinder is relieved.

2. The combination with a hydraulic press
comprising a main cylinder, a pull back cylinder,
and a ram element operated in opposite direc-
tions by liquid pressures in said-cylinders, of a
valve and connections to supply liquid under
pressure to each cylinder and release liquid from
the other cylinder alternately and for supple-
menting the supply of liquid to the main cylinder
by liquid by-passed from the pull back cylinder to
cause an initial rapid movement in one direc-
tion of the ram element, said valve having a mov-
able element, a pilot member actuated responsive
to pressure in the main cylinder for moving said
valve element to apply increased pressure in the
main cylinder after an initial movement of the
ram element in one direction, and a supplemen-

- tal pilot member actuated responsive to pressure

in the main cylinder for preventing movement of
said valve element to the position to-deliver liq-
uld to the pull back cylinder for returning the



\

2,320,759
ram element until after the pressure in the main

cylinder is relieved.
3. The combination ‘with a hydraulic press
comprising a main cylinder, a pull back cylinder,

and a ram element operated by liquid pressures’

in said cylinders, of a valve and connections for
supplying operating liquid under pressure to each
cylinder ‘and releasing fluid from the other cyl-
inder alternately for moving said ram element
in opposite directions, liquid pressure actuated
means for operating said valve to supply pressure

liquid to the main cylinder and by-pass liquid

Ifrom the pull back cylinder to the main cylinder
to produce movement of the ram element in one
direction, means operating said valve responsive
to pressure in the main cylinder to shut off the
by-passed liquid and release liquid from the pull
Jback cylinder after an initial movement of the
ram element in said one direction, means for op-
erating said valve to supply liquid to the pull
back cylinder and release liquid from the main
‘eylinder for returning said ram element, and
means gcting responsive to pressure in the main
cylinder for preventing operation of the valve to
deliver liquid to the pull back cylinder until after
a predetermined reduction of pressure in the
main cylinder. ‘ .

4, The combination with a hydraulic press
comprising & main eylinder, a pull back cylinder,
and a ram element operated in opposite direc-
tions by liquid pressures in said cylinders, of a
valve and connections for supplying operating
liquid under pressure to each cylinder and re-
leasing liquid from the other cylinder aliernate-

" ly, by-pass connections from the pull back cyl-
inder to the main cylinder, said valve comprising
8 valve element movable in opposite directions in
a casing by pressure liquid delivered to the cas-
ing at opposite ends of said valve element, a pilot
piston of larger area than said valve element and
acting responsive to pressure in the main cylin-
der for shifting said valve element in one direc-

" tion to shut off said by-pass connections and de~
liver pressure liquid to the main cylinder and re-
lease the liquid from the pull back cylinder, and
an auxiliary pilot piston of larger area than said
valve element and operating responsive to pres-
sure in the pull back cylinder and main cylinder
for preventing the movement of said valve ele-
ment to deliver ligquid to the pull back cylinder
until after a predetermined reduction of pressure
in said main cylinder.

5. The combination with a hydraulic press
having a main cylinder, a pull back cylinder and
a ram operated in opposite directions by fluid
pressure in said cylinders, of a source of fluid un=
der pressure, a valve having a chamber with
ports arranged in succession along a wall thereof
and into an intermediate - one of which said
source delivers fluid as an inlet port and a valve
element in and movable along said chamber, sald
valve element having spaced lands passing said
ports to open and close them as said valve ele-
ment moves in said chamber and occupies four
operative positions, one of said ports at one side
of said one intermediate port opening into the
chamber on opposite sides of a land of said valve
element then in front of it, means connecting
that port to said main cylinder, means connect-
ing another of said ports at the other side of said
one intermediate port to the pull back cylinder,
sald valve element having a second land closing
said another port when the first land is in front
of said one port connected {o the main cylinder,
with said inlet port between sald lands that are

7

at the same time in front of said ports connected
to sald cylinders, means connecting to. exhaust
those ports further from said inlet port than the
ports connected to sald cylinders, means con-
nected to the ends of said chamber beyond said
lands for shifting sald valve element by fluid
pressure selectively into two end positions, and
pressure responsive pistons in the ends of said .

- chamber for limiting movement of said element
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to two intermediate positions, one of which inter-
mediate positions is an inactive position in which
a land closes said port connected to said pull back
cylinder, and & land is in front of said port con~’
nected to said main cylinder, whereby fluid from
said source circulates through said main cylinder
port to exhaust, and said main- cylinder is con-
nected to exhaust, another of which positions is
an extreme end position and a preliminary ad-
vancing position in which said lands connect said
source to both of said cylinders and cut off both
of those cylinders from exhaust, to cause a rapid
advance of said ram element, another of which
positions is the other intermediate position and
a secondary advance position in which said lands’
connect said pull back cylinder to exhaust and
keep said main cylinder connected to said source
and cut off from exhaust, another of which po-
sitions is the other extreme position and a re-
verse position in which said lands connect said
main cylinder to exhaust, disconnect it from said
source and also connect said pull back cylinder
to said source and disconnect it from exhaust.

6. An improved system: for controlling a hy-
draulic motor of the type comprising an advanc-
ing cylinder, a returning cylinder, a motor mem-
ber operated in opposite directions by fluid pres-
sures in said cylinders, a continuously running .
pump for supplying actuating fluid, a reservoir, a
main valve for controlling the delivery of fluid
to said cylinders and having a casing with a
chamber therein, a valve element mounted in
said casing for back and forth movement there-
in through four positions, and having at least
four lands spaced apart thereon, said chamber
having a plurality of intermediate and end ports
spaced apart in the direction of movement of said
element, said chamber terminating at each end

_in an enlarged compartment, a separate piston -
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in each of said compartments and limiting move-
ment of said element, but operable to push, to a
limited extent, said element when fluid under
pressure is admitted to the outer ends of said
compartments, one intermediate port being con-
nected to the advancing cylinder, another inter-
mediate port being connected to the returning
cylinder, still another intermediate port between

- said other intermediate ports being conhnected to
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said pump, the other intermediate ports disposed
endwise of the chamber, beyond said first-men-
tioned intermediate ports being connected to said
reservoir, means selectively operable for deliver-
ing fluid under pressure to said end ports alter-
nately, means for connecting one end compart-
ment at the rear of the piston in that compart-
ment to said pump, a pressure relief valve in said
last connecting means and opening under select-
ed pressure to pass fluid to that compartment, a -

_ conduit leading from the other end compartment
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from behind the piston in that compartment to
both of said cylinders, an auxiliary valve in said
conduit for selectively and alternately connect-
ing said conduit from said end compartment to
said cylinders, a bleeder port connected to said
last connecting means at a point between the
pressure relief valve and that end compartment
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to which it leads, said lands and ports being of
such relative sizes and so arranged that when
said valve element is held in neutral, intermedi-

¥

ate position by pressure from said conduit to its .

connected end compartment at one end of said
chamber and pressure in said chamber at the
opposite end thereof, fluid from said pump will
be delivered to said advancing cylinder and also
to reservoir, and escape of fluid from said return-
ing cylinder through said main valve is prevent-
ed, that when said valve element is held at one
end of said chamber nearest the compartment
having the bleeder connection, by fluid pressure
in said chamber at the opposite end thereof, said
main valve will connect said pump to both eylin-
ders, both cylinders together through said cham-
ber, and close the intermediate ports leading to

moved into an intermediate position from the
last-mentioned position by pressure added to
sald compartment to which said pressure relief

valve is connected, with continued pressure -to:

the other end of said chamber, said main valve
will connect said pump to said advancing cylin-
der and connect said returning cylinder to said
reservoir, that when said valve element is held in
its other end position by pressure in that end of
said chamber nearest said compartment having
the bleeder connection, said main valve will con~
nect said returning cylinder to said pump and
said advancing cylinder to said reservoir.

7. A system substantially as set forth in claim
6 and means responsive to the pressure of fluid
delivered by said pump for causing an operation
of said selectively operable means that causes de-
livery of fluid under pressure to said end ports
alternately and a reversal in such delivery auto-
matically when the pressure delivered by the
pump exceeds a predetermined pressure,

8. A system substantially as set forth in claim
6 in which said means selectively operable for
delivering fluid under pressure to said end ports
alternately, includes a control valve, the opera-
tion of which causes such alternate delivery,
means yieldingly urging said control valve into
one position, means for operating said control
valve against said urging means into another po-
sition and releasably holding it in said another
position, and means responsive to the pressure of
fluid delivered by said pump for causing a release
of said control valve when the pressure of fluid
delivered by the pump exceeds a predetermined
pressure.

9. A system substantially as set forth in claim
6 in which said means selectively operable for
delivering fluid under pressure to said end ports
alternately, includes a control valve, the opera-
tion of which causes such alternate delivery,
means yieldingly urging said control valve into
one position, means for operating said control
valve against said urging means into another po-
sition and releasably holding it in said another

[+
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‘said reservoir, that when said valve element is .

position, and means responsive to the pressure
of fluld delivered by said pump for causing a re-
lease of said control valve when the pressure of
fluid delivered by the pump exceeds- a predeter-
mined pressure, said last-named -pressure re-
sponsive means including a pressure responsive
switch and a pressure relief valve through which
fluid passes from said pump to operate said
switch only after the pressure of .fluid delivered
by the pump exceeds a predetermined pressure,
and a bleeder connection from said pressure re-
sponsive switch to said reservoir.

10. A system substantially as set forth in claim
6, and means operable by said motor member for
operating said auxiliary valve in a manner to
connect sald conduit to said returning cylinder
whenever said motor member reaches a selected
position in its return movement, and means for

~ yieldingly urging said auxiliary valve in a direc-
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tion to connect said conduit to said advancing
cylinder automaticelly when said auxiliary valve
is released by said motor member,

11. An improved valve for controlling the ac-

. tivity of a hydraulic motor which comprises a
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valve casing having an elongated chamber there-

in terminating at each end in an enlarged com-
partment, a piston in each of said compartments,
a valve element in said chamber operable end-
wise therein and having a length less than the
distance between said pistons when said pistons
are at their limits of movement toward one an-
other, so as to be movable between two operative
positions as limited by said pistons at their said
limits, said valve element having at least four
lands thereon spaced apart in a direction length-
wise of the chamber, said chamber between said
compartments having at least seven ports open-
ing therefrom and spaced apart in a direction
endwise of said chamber, with said lands oper-
able upon endwise movement of said valve ele-
ment to connect selected ones of said ports in
different combinations, one of said ports being
adjacent each end of said chamber but in the
zoné between said compartments, and a conduit
opening outwardly from the outward end of each
compartment, one of the ports intermediate the -
length of said chamber opening into the cham-
ber on opposite sides of the adjacent land when
said element is in one of said two operative posi-
tions, one of the next adjacent ports opening in-
to said chamber on opposite sides of the adjacent
land, which is next to said other adjacent land,
when said valve element is moved endwise be-
yond the other of said operative positions, one
of said intermediate ports being closed by one of
said adjacent lands when said element is in said
one of said two operative positions, but connect-
ed to said next adjacent port when said element
moves from said one operative position in a di-.
rection against the adjacent limiting piston.

THOMAS F. STACY.



