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1

This invention relates to improvements in a
hydraulic circuit for hydraulic presses. .

A primary object of the invention is to pro-
vide a hydraulic circuit particularly for heavy

duty presses and which provides such. a. Dress -

with a short operating cycle.

Another object is to provide such a hydraulic
cireuit which ‘produces .a high speed pressing
stroke, such high speed pressing or working
stroke being desirable both to provide increased
capacity of the press and also to reduce to a
minimum the length of time the dies are in con-
tact with hot work pieces thereby to- prevent
overheating of the dies.

Another important object is to prov1de such a ¢

hydraulic circuit for a heavy duty press having
operating mechanisms which -can be compactly
arranged on the press, thereby to provide a self-
contained heavy duty press unit.- i

Another object is to provide a hydrauhc sys-

tem for a press in which the hydraulic circuit
is precharged to provide a reserve of potential
energy operatively released during the pressing
or working stroke of the press ram and recharged

during all other phases of the operating cycle

of the press.

Another object is to provide such a precharged
hydraulic circuit which requires only a relative-
1y small amount of power input which is em-
ployed essentially to recharge the circuit.

Anocther object is to provide such a hydrauhC‘

circuit in which shock is eliminated, particularly
when the movable die engages the workpiece and
on the return stroke of the ram.-

Another object is to provide a hydraulic cir-

cuit for a hydraulic press in which the maxi~
mum pressure is applied during the entire press—
1ng or working stroke.

Another object is to provide such a hydrauhc'

circuit for hydraulic presses in which the work-
ing pressure can be readily ad:usted to suit the
particular work to be done. ;

Another object is to provide such a hydrauhc
cireuit for hydraulic presses in which the idesired
working pressure is never exceeded.

Another object is to provide such a hydraulvc

circuit in which the raising of the ram at the
end of the pressing stroke can be initiated either

by a limit switch or by the pressure applied to ;

the workpiece.

Another object is to provide such a hydraulic
circuit which can be embodied in a press and
adapted for selectively operating the press on a

cycle which permits of inching under manual
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2 .
control sem1-automat1c or single cycle, fully
automatie, or multiple cycle. .

Other objects and advantages of the mventlon

will appear from the following description and

drawing in which Fig. 1 is a diagrammatic rep-
resentation of a hydraulic circuit embodying the

present. invention and applied to a heavy. duty

high speed press and showing a simplified elec-

trieal control circuit adapted for the semi-auto-

matic or single cycle operation thereof,. while
PFig. 2 is a sectional view of the throttle valve.

The hydraulic circuit embodying the present
invention can be used in connection with vari-
ous kinds of presses and for the purpose of illus<
tration is shown .as used in connection with a
hydraulic press of the downward pressure type.
This press is .shown in simplified diagrammatic
form. as having a lower stationary platen f.co-
operating with a vertically movable upper platen
2 secured to the lower end of a ram'3. This ram
has an-enlarged piston head 4 which works in
the bore 5 of.a closed stationary main cylinder
6. A closed reservoir or tank 7 is mounted on
the upper end of the main cylinder §, communi=
cation between this reservoir and.the upper end
of the bore 5 of the main- cylinder heing pro-
vided by an opening 8 under control of an up-
wardly closing prefill valve 9. This valve 9 is
actuated through a piston rod 10 projecting up-
wardly  from -the -prefill ‘valve-and: connecting
with a piston { which works in.a closed sta-
tionary cylinder (2, this.stationary cylinder being
arranged in the reservoir or.tank 1. -Both the
piston If and the main ram 3 are of the double

5 acting type. However it.will be seen that a sep-~

arate pull back means could be provided for the
main piston 4 and that the closed lower end of
the cylinder § provides :such a:pull back means
since liquid forced into the lower end of this
cylinder raises the piston 4. The liquid in the
tank 7 can be maintained under slight pressure
by pressurizing the air in the upper part of thls
tank. .

In accordance with the 1nvent1on the hy—

- draulic circuit is shown as comprising a ‘main

pump {5 of any suitable type, driven by an: elec=
tric motor (8. The main pump 15 delivers liquid
under pressure through a pump discharge line:
IT which is operatively connected through a
check valve I8 to a ‘line 19 connecting with a
plurality of gas filled bottles.20. Each of these:
bottles 28 contains a quantity of an inert gas’
such as nitrogen which is compressed to a rela-:
tively high initial pressure. The bottles 20 ¢an
be of any - suitable type which establish pres-:
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sure communication between the gas in the bot-
tles and the liquid in the line i9, it being pre-
ferred to employ such a bottle in which the gas
and liquid are separated by a movable pressure
transmitting member. Bottles of this type are
commercially available,

The main pump 15 is unloaded during start-
ing of the motor 16 and for this purpose branch
lines 21 and 22 connect the main pump discharge
line 17 with a normally open spring loaded pump
unloading valve 23, which when open places the
branch line 22 in communication with the valve
outlet line 24 leading to the reservoir or tank
1. This return line 24, as well as similar return
lines for other valves to be described herein-
below, is represented by an arrow. The valve
23 is of any suitable conventional form in which
control pressure acting against a spring ‘closes
the valve and cuts off this flow of liquid from
the branch line 22 to the return line 24. A liquid
supply line 25 connects the main pump 15 with
the reservoir or tank 1. ‘ o

The pressure for o closing the spring loaded
pump unloading valve 28 is supplied from a pilot

plnp 26 -driven threugh a belt 28 from the pump

motor 18 and the discharge line 29 which is op-
eratively connected by a branch line 38 with the
purep unleading valve 23. ‘This branch Tine 29
s provided with a restriction represented by the
numeral 31, this restriction providing a time lag
between the start of the punmp motor 96 and the
tlosing of the pump unloading vaive 23. A lig-
uid supply line 27 connects the pilot pump 26
with the liguid supply line 25 leading from the
reservoir or tank 1. A branch line 294 havinz
a yestriction 2%2 comnects the discharge line 29
with the reservoir or tank 7 and provides a means
of relieving the pilet pressure in the discharge
line 29 when the motor 48 isstopped.

The maximum operating pressure in the line
138 tan be adjusted to the value desired. For
this purpose an adjustable pressure relay valve
82 is mrranged in a hranch line 33 and connected
at one end %o the line i9 and at its opposite end
being operatively connected with & hormally
closed spring leaded pump unloading valve 34
which when open places the branch line 22 in
communication with the valve outlet line 35 lead-
ing fto the reserveoir or tank I. The valve 3%
is similar, except for being normally closed, to
the valve 23 in that pressure admitted through
the iine 38 acis against 2 spring to open the
valve 84 and permit the flow of liquid from the
bramch iine 22 to the wveturn line 35. 'Thus,
when 'the pressure in line 19 exceeds the setting
of the pressure relay valve 32, pressute is ap-
plied o the pump unloading valve 34 1o open
this valve and permit the main pump 15 to un-
lpad through the lines 21, 22 and 35. The dis-
charge line 28 of the pilot pump 26 is provided
with a relief valve $6 having a return line 37 %o
the fank or reservoir 7 and operating to prevent
the outlet pressure of the pilot pump 26 from
rising above a predetermined value.

The prefill valve 8 is actuated by pilot pres-
sure derived from the pilot pump 26. For this
burpose a branch line 38 connects the pilot pump
discharge line 28 with the inlet of a four way
pilot solenoid valve 89. When the winding 49
of this solenoid valve is de-energized its inlet line
38 is in communication with a control line &4
leading from one port of said pilot valve to the
stationary cylinder 12 above the piston 11 and
at the same time a control line 42 leading from
another port of said pilot valve to the cylinder
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{2 below the piston (1 is in communication with
& return line 43 leading to the tank or reservoir 1.
Conversely, when the winding &0 of the four
way pilot solenoid valve 39 is energized, its in-
let line 38 is in communication with the line 42
and the line 41 is in communication with the
return iine 48.

In order to admit liguid under working pres-
sure to the main cylinder 6 above the piston 4
of the ram 3, a branch line 45 having a restric-
tion 4§ connects the line 19 with the inlet 47 of

‘a normally closed spring loaded working pres-

sure valve 48. A line 51 connects a port 49 of
this valve with the main cylinder 5 above the

5 pision #-of the ram 3. A return line 53 connects

another port 52 with the reservoir or tank 1.
When the valve 48 is closed there is no com-
munication between the branch line 45 and the
line 84 but communication is vrovided between
the ports 498 and 52 so that liquid from the line
51 is able to flow through the return line 59 to
the reservoir or famk 7. To establish com-
munication between lines 45 and 5{ the valve 48
is opened against the urging of its spring by

5 piot pressure admitted through a line 53 opera-

tively connecting this valve with the line 42. So
opening the valve 48 breaks communication be-
tween the lines 51 and $0. The working pres-
sure valve 48 may be of any suitable conven-
tional form. .

To permit the ram 3 to descend, the liguid in
the main cylinder $ below the piston 4 of the ram
is wvelieved through the line 55 which connects
with a spring loaded throiting contral valve 58,
this liquid flowing through this valve to.a line
B8 containing a theck valve §9 and leading to a
port 68 of a spring loaded pull back wvalve §i.
This liguid flows from the port 62 -of this pull
back valve through a return line 63 leading io
the reserveir or tank 7. ‘

The throttling valve 56 is illustrated in detail
in Fig. 2 and is shown as being in the form of
a twe way check valve comprising o stationary
casing having a horizontal central partition 113
providing -an upper chamber {44 znd a lower
chamber 1i5. The line 58 connects with the up~
per chamber 444 and the lower chamber 445 is
connected By the line 85 with the lower end of
the bore § of the main cylinder 6. A spring
loaded check valve {i% in the upper chamber
414 seats against an opening 149 through the par-
tition {43 to prevent flow of liquid from the up~
per chamber 114 fo the lower chamber {45 bus
to permit a restricted reverse Sow when the pres-
sure of its spring s .overcome. A spring leaded
check valve {28 in the lower chamber {id seats
against an opening {21 through the partition {13
to prevent flow of liquid from the lower cham-
ber {15 to the upper chamber {i4. This check
valve 128 has a stem {22 connected with a pis--
ton {23 in a cylinder {24 formed in the casing.
of the throttling valve 56, this cylinder {24 com-
municating with the line £4. The «check valve
[18 permits a restricted How of pull back liguid
into the bore 5 and the Sow of pull back liguid
in the opposite direction is resisted by the spring
loaded check valve 120, the spring being adjusted
so as to close this check valve and counterbal-
ance the weight of the ram 8 and its associated
moving parts but opening to provide a throttled-
relief of pull back liquid from the bore 5 when
working pressure is applied to the top of the pis-
ton 4. The spring loaded check valve 120 is
opened against the urging of its spring by pilot’

5 pressure admitted through the line 44 operatively
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connecting the throttling ‘control: valve-56 with
the pilot. pressure line 28 through a normally
closed. slow- down solenoid valve 65 having- a
winding designated at 66. When the winding
66 is energized, the solenoid valve 65 opens and
Places lines 28 and 64 in communication with
each other thereby to apply pilot pressure to the
upper face of the piston i23. This pilot pres-
sure thereby opens the spring loaded check valve
120 against the urging of its spring, thereby to
place lines 55 and 58 in communication w1th each
other. -

Thus the throttling control valve 56 serves the
purpose of holding up the moving weight when
the main pump 15 is in neutral or not running,
such moving weight. being balanced by spring
pressure against the spring loaded check valve 20.
The throttling valve 56 serves-the further pur-

e
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prose of slowing down the speed of the ram 3 for -

the working or pressing stroke of the ram. Dur-
ing the high speed approach of the closing stiroke,
the spring loaded check valve §28 of the throt-
tling valve 56 is held open by pilot pressure which
acts on the piston 122.against the urging of the
gpring of this check valve.i20." Slowing down the
descending ram 2. to pressing speed is accom-
plished by withdrawing the pilot pressure against
the piston 123 of the throttling control valve 56
and forcing the liquid in the line 55 which is under
& pressure exceeding that of the spring pressure
of the spring loaded check valve 120 through this
check valve against its spring pressure and into
the line 58.

The spring loaded pull back valve 61 also has
a port 68 connected by a line £8 having a restric-
tion 78 with the line 18. This spring loaded pull
back valve 81 is' operated against the urging of its
spring by pilot pressure admitted through a line
T1 operatively connecting this valve with an out-
let of a normally closed return solenoid valve 73.
This valve 13 has an inlet conneécted by a line 75
with the pilot pump discharge line 28 and also has
an outlet connected by a return line 18 leading
to- the reservoir or tank 7. The return solenoid
valve 13 has a winding 78 which, when de-ener-
gized, places lines 7f and 78 in communication
with each other and cuts off the pilot pressure
line 75, and, when energized, places lines 75 and
Tl -in communication with each other and cuts
oﬁ the return line 78.

To limit the upward movement or overtravel

¢f the ram 2, a normally open shut-off valve 80 is-

arranged in.a line 81 which at its opposite ends
connects. with line -58 and which bypasses the
check valve 59. - This normally open shut-off valve

80 is closed by a cam bar.82 moving with the

movable platen 2 of the press. The cam bar 82
projects upwardly from its mounting and, in the
elevated position of the press ram, is arranged

to oper atively engage and élose the shut—off vilave:

88.
The electrical cir cuﬂ: is shown as 1nclud1ng three
limit switches 85, 88 and 87 actuated, respec-

tively, by three vertical cam rods 83, 89 and 88

moving with the movable platen 2 of the press.

The cam rod 88 projects upwardly from its mount-
ing and, in the elevated position of the press rem,"

is arranged. to engage and open the initially open

return limit switch 85. The rod 89 projects down- .

wardly from its mounting and, in a depressed po-
sition of the press ram, is arranged to engage. and
actuate the slow down limit switch 86, the mov-
able contact 81 of which is normally in contact
with its fixed contact 82 and is moved downwardly
during the final descending movement of the rod
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8§ into engagement with its fixed contact §3.- The
rod 90 projects downwardly from its mounting
and, in the extreme depressed position of the ram,
is arranged to engage and open the normally
closed down or maximum stroke limit switch 87. .

One side 95 of the main power line connects
with the winding 49, 78 and 66 of each of the sole-
noid valves 39, 13 and 85, respectively, and also
connects with the winding 96 of a holding relay
§8. The other end of the winding 96 of this hold-
ing relay 98 is connected by a wire 99 with the
ixed contact of the down or maximum stroke
limit switch 87. The other end of the winding 40
of the close solenoid valve 39 is connected by a
wire 106 with the lower fixed contact 98 of the
slow down limit.switch 86. The other end of the
winding 79 of the return solenoid valve 73 is con-
nected by a wire 181 with the movable contact of
the return limit switch 8. The other end of the
winding 66 of the slow down solenoid valve 65 is
connected by a wire 182 with the upper fixed con-
tact 92 of the slow down limit switch 88, o

The other side 183 of the main power line is
connected by a manually operable normally open
close button 104 with a wire {05 connecting with
the movable contacts of the slow down limit
gwitch 86 and down or maximum stroke limit
switch 87. This manually operable close button
{04 also connects this side 108 of the main power
line with a wire (08 connecting with the normally
open fixed contact 107 of the relay 98. The arma-
ture (08 of this relay 98 is connected through the
wire {09 directly with the side 103 of the main
power line and its normally closed fixed contact
118 is connected through a wire I'f { with the fixed
contact of the return limit switch 85.

The ahove electrical circuit is adapted for single
cycle or semi-automatic operation of the press
wherein the operator .actuates the close button
104 to effect each complete operating cycle. This
electrical circuit is shown in simplified form for
the purposé of illustrating one operative embodi-
ment of the invention and it will be understood
that in actual practice the press would have an

5. electrical control circuit, permitting of inching

and. full automatic operation as well as the smgle
cycle operation shown,

It will also be understood that the hydrauhc
¢ircuit can include such unessential but desirable
equipment as hand valves, relief valves, 0il filters;
oil coolers, 0il temperature ang pressure gauges,’
and the hke such elements being omitted - -from’
the embodlment ilustrated. It will also be under-
etood that the press will usually be provided with

;& hydraulically ‘operated stripper mechanism’

which is operatwely connected 1nto the hydrauhc
cu’cult .

Operatzon

At the start -of-‘operation it ig desirable that
the full load upon the nmiotor 16 be -applied grad-
ually and to this end the main pump 15 is un-
loaded when the motor is started. Thus, upon:
energizing the motor 6, the discharge from the’

;main pump (5§ passes through -the main pump

discharge line (7, branch lines 21 and 22, open
spring: loaded pump unloading valves 28 and
through its' return line, designated by the ar-
row 24, to the reservoir or tank 71 which is 'con-

;hected with the supply line 25 leading to the

inlet of the main pump. At this time the lig--
uid discharged by the main pump I5 cannot en-
ter the spring loaded pump unloading valve 34
through the bra.nch line 22 smce thls valve xs
closed.
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Staxtitie thie miotor 18 alse starts the pilot
punip 26 and the cutlet pressure from: this pump
is. applied frotx its discharge liri¢ 29 thiough
the branch liné 39 and restriction 3¢ to the
now open spriiig lodded pump unloading valve
23. This closes the valve 23, the rvestriction 31
providing a sufficienit time lag for the motor 16
to: reach tunning speed beforeé full load is ap-
pled to it. With tlie pump unioading valve 23
clased the pressure in the main pump discharge
line T against the ¢heck valve 8 opens this
check valve so that fluid is pumped into the
line f% for operation of the press inéluding re-
cha¥ging the bottles 20.

In. tHe évent the pfessure in thé line 9% ex-
eceeds the mazimum défermined by the setting
of the adjustable pressure relay valve 32, this
valve gdmifs liquid througli its outlet liné 33
to the spring loadéd pump unldading valve 3%
to operi this vdlve against the urging of its
spring. With this valve 34 so opened, ligquid
from the inginy punip discharge line [7 passes
through the branch lines 21 and 22 to the re-
turn: lifie- 35 and is thereby returned to the res-
‘ervoir or tank 1. At this time when the valve
34 is so opened the other spring loaded pump
unloading vaive 23 is closed. Thus the spring
Yoaded pump unloading valves 34 and 23 to-
gether with thieir associated lines provide a hy-
diaulic ciréuit which serves primarily to con-
trol the pressure: in. the ling {9 and secondarily
tor unload the main pump {5 when starting the
motor 8.

The operator then places the workpiece on the
stationary lower platen | and manually closes
the normally open close button i84. This es-
tablishes a circuit from ihe side 03 of the
main power line through close button 104, wire
185, closed dowx: or maximum strokelimit switch
81, winding 96 of holding relay 98 to the other
side 95 of the main power line. The armature
108 of the now energized holding relay 9838 is
drawn into engagement with its fixed contact
181 thereby to establish through the wires 108
and 86 2 bypass around the manually op-
erated close button 104 and seal the circuif just
described until broken at anether point.

With the holding relay 98 so closed current
passes from the side 103 of the main power
line, through wire 09, armature 108 and fixed
contact 181 of the holding relay 98, wires. (05
and. . 105, movable contact 31 znd fixed contact
82 of the slow down limit switeh 86, wire
102, and winding §6 of the normally ciosed
slow dowrn. solenoid valve 85 to the other side
85 of the main power line. Energization of
the slow down solenocid valve §5 causes this
valve to open and admit pilot pressure to
work against the pistonr 23 of the spring
loaded. check. valve 120 of the threttling con-
trol valve 56 and thereby open this check: valve
to- place lines 29 and 64 in free flow commu-
nication with each other. Pilot pressure so ap-
plied fo the piston (23 of the spring loaded
contrel valve 120 causes this valve to open
against the urging of ifs spring.

The: how opened comtrol valve 53 places the
line 55 in tomrunication with the line 58 and
permits pull back: liguid o flow froni the main
cylinder § below the piston 4 through lire 55,
opert conirol vdlve 55, line B8 past the eheck
valve: 59, opén spring loaded pull back valve 6i

and réturn ling §3, the latter returning the pull

pack: Hoguid to thé reéservoir or tank 1. It will
be noted that at the beginning of the descent
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of the rafit 3 the shut off valve 80 is completely
¢losed so that liguid flowinhg in the lire 58 to-
watkd the pull back valve 61 miust pdss through
the check valve 59, However, as the ram lowers
the shut off valve 86 is permitted to open to
4 fully operied position by reason of the cam
bar 82 lowering with the ram and this cam bar
disengaging this valve s¢ that the pull -back
Liguid being exhausted from the main ¢ylin-
der § can either pass the check valve 59 or flow
through the rfiow opened shufl off valve 80.
During the descending movement of the ram
3 prefill liguid is supplied to the main cylitider
§ above the piston 4 from the reservoir or tank
1, the préfill valve 9 being open to permibt suek
flow. The prefill liquid i this reservoir or
tank T car bé under pressure or not, as may be
required to secure the désired prefilling speéd.
The prefill valve § is Héld open. at- this time
thréugh pilot pressure applied to. thé upper
side of its piston K{ from the pilot pump dis-
charge linte 29, inlet line 38, and four way pilét
solehoid valve 388 which is dé-energized and has
hds its inlet line 3% in communication withr its
liie 4f and ifs line 42 in communication with
its return line 43 g6 thai the liquid under the
pisten |{ can escape through tle line 42, valve
3% and return line 43 to the tank or reservoir T.
As soon as thie ram 3 starts its descent it sets
up the electrical circuit for refurn of the ram.
This is effected by the ¢can: rod 88 which on the
start of the descent of the ram 3 released the
initially open return limit switch 85 so that this
switch closes. However; at this time the closing

« of this return limit switch 85 <does not energize

the winding 19 of the return soleroid valve 1%
because gt this time the holding relay 88 is ener~
gized sd that its drmature 188 is out of contach
with its fixed contact 118 and therefore a closed
cireuit through the winding. 79 is not established.
Since this winding of the return solenoid 18 is
not energized, pilot pressure continues to be-cut
off from the spring loaded pull back valve &1 so
that pull back liguid continues to be diseharged
from its return line §3 to the reservoir or tank T.

This descent of the ram 3 constitutes the high
speed approach of the ram to the workpiece
and is slowed down just before the die (nobt
shewn) carried by the upper movgble platen 2
engages the workpiece. Slowing the ram down:
is effected by the cam rod 89 engaging the slow
down switel: 86 ahd moving its movable contact
¢{ out of engagement with the figxed contact 92
and into engagement with the fixed contact 93.
Bréaking the contact between the contacts 9+
and 62 breaks. the c¢ircuit through the winding
66 of the nermially closed: slow down: sdlenoid
valve §5 thereby cuiting off pilot pressure to the
spring leaded contrel valve §8. Such withidrawdl
of the pilot pressure fréom the control valve 58
permits the spring loaded check valve 128 of this
control valve partially to close and thiereby re-
duce the speed of deéscent of the ram by throt-
[ling the eséape of pull back liquid from below
the piston 4. The spring loaded valve 120 does
not completely close ab this time inasmtch gs
the pressure of the liquid in: the line 55 excdseds
that of the spririg pressure against this spring
loaded valve {28, this preponderating liquid pres-
sure In the line 55 being due to the application
of an increased force upon the uppér end of
the ram 3.

This increased pressure upon the upper end
of the ram 3 is applied simultanieously with this
throttling of the esecape. of pull back liquid by



2,636,348

9
the -engagement of the contacts 91 and 93 of
the slow down limit switch 86. This engage-
ment establishes a circuit through the winding
40 of the four way pilot solenoid valve 39. Ener-
gization of this winding 40 operates the four way
pilot solenoid valve 39 to break communication
between the pilot pressure inlet line 38 and the
line 41, establish communication between this
line 41 and the return linz 43 to the tank T, and
establish communication between the pilot pres-
sure inlet line 38 and the line 42. Accordingly,
pilot pressure is applied through line 42 to the
under side. of the piston (1 to raise and close
the prefill valve 8, the-liquid above this piston
i1 “escaping through the line 4{, valve 39 and
return line 43 to the reservoir or tank T.

Pilot pressure so established in line 42 is also
transmitted through branch line 53 to open the
normally closed spring loaded working pressure
valve 48. Opening this valve 48 permits liquid

from the line {9 to flow through the branch.

line 45, restriction 48§, valve 48 and through line
51 to the cylinder § above the ram. The restric-
tion 46 provides a sufficient time lag to permit
the prefill valve 9 to be closed before the liquid
under working pressure is admitted to the main
cylinder § through line 5.

- It will ‘particularly be noted that the liquid soi

admitted to the main cylinder § from the line
19 is under the maximum pressure built up in
the bottles 268 and also in accordance with the
setting of the adjustable pressure relay valve 32.
It will also be noted that this pressure in the
bottles 20 is not utilized until the ram so starts

its pressing stroke so that the full reserve of

potential energy stored in these bottles is oper-
atively released during the pressing or working
stroke. .

This full pressure in the line {9 is continued
to be applied to the ram 3 during its pressing
or working stroke and until the cam rod 90 en-
gages and opens.the normally closed down or
maximum stroke limit switch 871. Opening this
switeh 87 breaks the circuit through the winding
88 of the holding relay 98 thereby to disengage
its armature {08 from the fixed contact (07 and

to re-engage the armature with its fixed con-.

tact 110,

Breaking the contact between the armature'

108 and fixed contact 187 of the relay 98 operates
to cut off the flow of liquid under working pres-
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sure-to the upper side of the ram 3 and also to

open the prefill valve 9 so that upon thereafter
raising the ram 3 by introducing pull back liquid
under pressure to the under side of its piston 4
the liquid above the ram 3 can enter the reservoir
or tank 7 through the passage 8. T
‘Thus, breaking the contact between the arma-
ture 108 'and fixed contact 107 of the relay 98
breaks the circuit through winding 40 of the
four way pilot solenoid valve 39 thereby to es-
tablish communication between the lines 42, 53,
and the return line 43 to the tank or reservoir 1,
and to establish communieation between the pilot
pressure inlet line 38 and the .line 41. Accord-
ingly, pilot pressure is relieved from application
to “the normally closed spring loaded working
pressure valve 48 by reason of the line 53 being
so ‘connected through the line 42 to the return
line 43 to the tank or reservoir 7. Relieving the
pilot pressure on the valve 48 permits this valve
to shift thereby to cut off communication be-
tween the working pressure inlet line 45 leading
from line 19 and the line 51 leading to the main
cylinder 6, and establishing communication. be-

65..valve 13 thereby to break communication between
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tween line 51 from the main cylinder and the
return line 50 to the tank or reservoir 1. Ac-
cordingly the application of working pressure to .
the upper end of the ram 3 is cut off, and the
existing pressure therein relieved. At the same
time pilot pressure is admitted to the cylinder 12
above the piston i{ to force this piston down-
wardly and open the prefill valve 8, the liquid
below this piston escaping through the line 42
and return line 43 to the reservoir or tank 1.
‘This action cannot oceur however until the pres-
sure above ram 3 is relieved.

Making contact between the armature {08 and
fixed contact (i of the relay 98 operates to
admit pull back liquid under pressure to the main
cylinder 6 below the piston 4 and thereby raise
the ram 3.

Thus, this engagement of the armature {08 and
fixed contact {10 of the relay 98 closes a circuit
from the side 103 of main power line through wire
109, armature 108, fixed contact (18, wire 11,
closed return limit switch 85, wire 181, and wind-
ing 19 of the normally closed return solenoid
valve 713 to the other side 95 of the main power

-line. Energization of this normally closed return

solenoid valve 13 places the pilot pressure branch
line T8 into communication with the line 71
leading to the spring loaded pull back valve 6i.
The pilot pressure. so applied to this valve 61

-operates this valve against the pressure of its

spring to break communication between the line
58 and return line 63 to the reservoir or tank 71
and to establish communication between the line
5& and the branch line 69 leading from the line
18. When the valve 61 is so operated, liquid
under the maximum working pressure passes
from line {9, through branch line 69 and restric-
tion 78, valve 61, line 58, bypass line 8{ and the
now open shut-off valve 80, throttling control
valve 56 and line 55 to the main cylinder 6 below
the piston 4. Accordingly, the ram 3 is lifted or
returned, the liquid above this ram fowing past
the open prefill valve 9 into the tank or reservoir
1. It will be noted that the restriction 10 in the
branch line 69 provides a sufficient time lag to
permit the working pressure against the top of
the ram 3 to be relieved and the prefill valve 9 to
open before pull back liquid under pressure is so
applied to the under side of the piston 4. ’
. The ram 3 continues to rise until the cam rod
£3 reengages and opens the return limit switch
85, this engagement, being slightly in advance of
the engagement of the cam bar 82 with the shut-
off valve 80. Opening the return limit switch 85
ce-energizes the winding 79 of the return solenoid

the pilot pressure branch line 75 and the line 1§
leading to the spring loaded pull back valve 6i.
So relieving the application of pilot pressure to
the valve 61 permits this valve to break com-
munication between the branch line 69 and line
58 and re-establish communication between line
58 and the return line 63. So breaking communi-
cation between lines 69 and 58 terminates the
ﬁovy of pull back liquid under pressure to the
main cylinder 6 and hence stops the return
movement of the ram. So re-establishing com-
munication between lines 58 and 63 re-establishes -
the condition of the spring loaded pull back valve
61 for another cycle of operation.

‘The cam bar 82 then engages and closes the
shut-off valve 80 due to overtravel of the ram 3
to re-establish the condition of this valve for an-
other cycle of operation, the weight of the moving
parts again being supported by the spring loaded
check valve 120 in the throttling control valve 56




as previougly described. This gyele is then re-
peated as ghove deseribed. It will be noted that
- at the end of éach cycle all of the solenoid valves
aré de-energized preparatory for the next oper-
ating cycle.

‘To illustrate the advantages of the hydraulie
cireuit, paiticularly in respect to providing a
heavy duty press with a short operating cycle, a
600-fonn press embdodying this cireuit has been
constructed ahd which works at 20 strokes per
minute; this including a closing stroke of 2 inches,
a pressing stroke of .5 inch and also an allowance
of time for loading and unloading which takes
up almost half of the threé<seéoad cyecle. This
extremely rapid cycle for a press of this capacity
is due primarily to the gpplication of stored power
at a particular point in the operation of the press,
namely, during its préssing or working stroke.
Thus, the pressure stoled ixt the botiles 2€ is ap-=
pliéd 10 the tam at the start of the .5 inch press-
ing or working stroke and is cut off at the engd of
its return strcke; the t6tal time for these strokes
being less than half a second and these bottles
being recharged during the rémaining time of
the operating eycle. This efficient utilization of
the sfored power in the bottles 20 %o provides an
extremely high operating speed in a heavy duty
hydraulic press with o minimum hors¢ power
input, the préssing speed of the present ¢ircuit
exceéding any speed heretoforé attained with
presses of such capacity in hydraulic presses, 1t
provides the advantage of speed of mechanical
presses with the advantagés such as constant
-pressure during the préssing or working stroke,
of hydratulic presses; and with 3 minimum powsr
input.

I claim:

1. In a self=contained hydraulic press unit, the
combination comprisifig 4 ¢ylinder having a bore,

o piston arranged in said bere, pull back means .

associated with said piston, & ram movabkle by
said piston and pull back means successively
through -closing; pressing and return strokes, a
liquid reservoir in eommunication with said bore
for introducing prefill liquid thereinn during the
closing strokeé of said ram, @ prefill valve opera-
tive to break communieation between said reser=
voir and bore, a constantly operating pump for

the working liquid, 4 discharge line c¢onhecting -

the outlet of said punip with said bore for intro-
ducing working liguid therein durihg the press-
ing stroke of said rami, a working pressure valve
in said discharge liné, a container individually
associated with said discharge liné and chafged
with compressed zas in pressuré f{ransmitting
relation with the working liguid in $2id dischargse
line between said pump and working pressute
valve Wwhereby said containgr is8 Téecharged
supplied by said pufrip, a pull back line ¢connect~
ing said discharge line, befween said pump and
working préssure valve, with said pull back means
for applying pull back liguid to said pull back
means during the return stroke of said ram, a
pull back valve in szid pull back line, means ai-
ranged to permit the withdrawal o pull back
liquid from said pull back means during said
closing and pressing strokes, means arranged to
close said prefill valvé and open said woiking
pressure valve and operative at the beginning of
said pressing stroke, means operative at the end
of said pressing stroke and arranged 16 close said
working préssure valve £6 permit récharging of
said containef by said pump and siranged to open
said prefill valve, and means arianged to open
and close said pull baek valve aid operative to
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open sald pull back valve at the beginning of said
return stroke and t6 close said pull back valve
gt the end of said return stroke.

2. In a self-contained hydraulic press unit, the
combination comprising a cylinder having a bore,
a piston arranged in said bore, pull back means
associated with said piston, a ram movable by
said piston and pull back means successively
through closing, pressing and returh strokds, 2
liquid reservoir in communication with said bore
for introducing prefill liguid therein during the-
closing stroke of said ram, 4 prefill valve oper-
ative to break cornmunication bebween said res~
e¥yoir and bore, a4 constantly operating pump for
the working liquid, & discharge line cohnecting
the outlet of said pump with said bore for in-
troducing working ligquid therein during the
pressing stroke of said ram, a working pressure
valve in said discharge line, a container indis
vidually associated with said discharge line and
charged with compressed gas in pressure trang«
mitting relation with the working liquid in said
discharge line between said pump and working
pressure valve whereby said container is re«
charged through pressure derived from the work-
ing liguid supplied by said pump, @ first pull
back liguid line connected to sald discharge
line between said pump and working pressure -
valve, a4 second pull hack ligquid lihe cohnected

“to sald pull back means for alternately with-

drawing pull back liquid therefrom during said -
closing and pressing strokes and introducing pull-
back liguid thereto during said return stroke, 4
return line, pull back valve meang operatively
connecting said first and second pull back lguid
lings and return ling, means arranged to actu-
ate said pull baek valve means 1o establish com-
munication between said second pull back liquid
line and said return line during said <closing
and pressing strokes and to establish communis
cation betweern said first and second pull back
liquid lines durinig said veturn stroke, a throttling
control valve in said second pull back liquid line,
means arranged to open said throtling contiol

- valve during said closing stroke, meanis arranged

to 2lose said throtiling eohirol valve to a throt-
tling position during said pressing stroke to slow
down the speed of said ram during said pressing
stroks, means srranged to tlose said prefill valve
and open said working presstre valve and oper-
ative at the beginning of said pressing stroke,
ahd ‘means operative at the end of said pressing
stroke and arranged to tlose said working pres-
sure valve to permit recharging of said container

5 by s2id pump and also arranged to open said pre-

fill valve.

3. In a press including a cylinder having a
bore, & ram arranged in sald bore and movable
through closing and pressing strokes, a ligquid
Teservoir arranged to communicate with said bore
for introducing prefill liquid therein during the
cloging stroke of said ram, and a prefill valve
operative to establish and break said communica-
tioh between said reservoir and bore, the combi-
natioh therewith of a hydraulic circuit, compris-
ing a constantly operating pump for the working
liquid, & discharge lihe connecting the outlet of
said purip with said bore for introducing work-
ing Yiguid therein during the pressing stroke of
said rvam, a working pressure valve in said dis-
chatge line, a container charged with compressed
gas in pressure transmitting relation with the
working liguid in said discharge line between
said pump and working pressure valve whereby

-safd container is recharged through pressure de-
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rived "from the working liguid ‘supplied by said
pump,. 2 pilot valve having a. pair of lines con-
nected with said prefill valve to actuate said
prefill valve, and a line connecting one of said
pair of lines with said working pressure valve to
actuate said working pressure valve in response
to the actuation of said prefill valve.

4. In a press including a cylinder having a bore
a ram arranged in said bore and movable
through closing and pressing strokes, a liquid
reservoir arranged to communicate with said bore
for introducing prefill liquid therein during the
closing stroke of said ram, and a prefill-valve
operative to establish and break said communi-
cation between said reservoir and bore, the com-

bination therewith of a hydraulic circuit, com-

prising a -constantly operating pump for the
working liquid, a discharge line connecting the
outlet of said pump with said bore for intréduc-
ing working liguid therein during the pressing
stroke of said ram, -a working pressure valve
in said discharge line, a container charged with
compressed gas in pressure transmitting rela-
tion with the working liquid in said discharge
line between said pump and working pressure
valve whereby said container is recharged
through pressure derived from the working liquid
supplied by said pump, a pilot valve having a
pair. of lines connected with said prefill valve to
close and open said prefill valve at the beginning
and- end, respectively, of said pressing stroke,
and a line connecting one of said pair of lines
with said working pressure valve to open and
close said working pressure valve through power
denved from said pilot valve.

5. In a press including a main cylmder hav-
ing a bore, a2 ram arranged in said bore and mov-
able through closing and pressing strokes, a
liquid reservoir in communication with said bore,
a normally -open prefill valve operatively ar-

ranged between said reservoir and bore, and a

piston and cylinder mechanism gdrranged to op-
erate said prefill valve to close said prefill ‘'valve

and thereby break communication between said

reservoir and bore, the combination therewith of
a hydraulic circuit comprising a constantly op-
erating pump, a discharge line connecting the
outlet -of said pump with said bore for intro-

ducing working liquid therein during the press--
ing-stroke of said ram, a normally closed work--

ing pressure valve arranged in said discharge
line, a container charged with compressed gas
in pressure transmitting relation with the work-
ing liquid in said discharge line between said
pump and working pressure valve whereby said
container is recharged through pressure derived
from the working liquid supplied by said pump,
and means arranged to open said working pres-
sure valve in response to the closing of said pre-
fill valve, comprising a pilot valve having its
inlet connected to a source of fluid under pres-
sure, a line connected to the outlet of said pilot
valve and operatively connected with said piston
and cylinder mechanism, a second line connected

to said last’ line and operatively connected .to

said working pressure valve for opening-the
same and means arranged to open said pilot
valve. .

6. In a press including a main cylinder having
a bore, 2 ram arranged in said bore and movable
through closing and pressing strokes, a ligquid
reservoir in communication with said bore, a
normally open prefill valve operatively arranged
between said reservoir and bore and a double
acting piston and cylinder mechanism arranged
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to open and close said prefill valve, the closing
of said prefill valve breaking communication be-
tween said reservoir and hore, the combination
therewith of a hydraulic circuit comprising a
constantly operating pump, a discharge line con-
necting the outlet of said pump with said bore
for introducing working liquid therein during
the pressing stroke of said ram, a normally closed
spring loaded working pressure valve:arranged
in said discharge line, a container charged with
compressed gas in pressure transmitting relation
with the liguid in said discharge line between
said pump.and working pressure valve.whereby:
said container is recharged through pressure de-
rived from the working liquid supplied by said
pump, and means arranged to open said spring
loaded working pressure valve in response to the
closing of said prefill valve, comprising. a sole-
noid valve having an inlet, two ports and a drain
outlet, means connecting said ‘inlet fo a source
of fluid under pressure, a first line connecting’
one of said ports to said piston and cylinder
mechanism for applying fluid against one side
of said piston to .open said prefill valve and
also for withdrawing fluid from said one side of

- said piston to permit said prefill valve to close,
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a second line connecting the other of said ports
to said piston and cylinder mechanism for ap-
plying fluid against the other side of said piston
to close said prefill valve and also for withdraw-
ing fluid from said other side of said piston to
permit said prefill valve to open, the normal con-
dition of said solenoid valve being such as to es-
tablish communication between said inlet and
said first line and to establish communication
between said drain outlet and said second line;
a third line connecting said second line opera-
tively with said spring loaded working pressure
valve for opening it against the urging of-its’
spring, and electrical means arranged to operate
said solenoid valve thereby to establish communi-
cation between said inlet and said second line
and between said drain outlet and said first line.
whereby said prefill valve is closed and said
spring loaded working pressure valve is opened. -

7. In g press including a cylinder having a bore,
a piston arranged in said bore, pull back means
assoclated with said piston, a ram movable by
said piston and pull back means successively
through closing, pressing and return strokes, a°
liquid reservoir in communication with said bore
during- said closing and return strokes, a pre-
ill valve operative to break communication” be-
tween said reservoir and bore during said clos-
ing stroke, a constantly operating pump for the
working liquid, a discharge line connecting the
outlet of said pump with said bore for introduc-
ing working liquid therein during said bressing -
stroke, a container charged with compressed gas
in pressure transmitting relation with the work-
ing lquid in said discharge line whereby said
container is recharged through pressure derived-
from the working liquid supplied by said pump,
a spring loaded pull back valve havmg an -inlet
connected with said discharge line, a return line’
connected with said pull back valve, pull back
liquid lines connecting said pull back valve with
said pull back means and normally establishing
communication between said return and pull back

‘liquid lines, a control line oberatively connect-

ing said pull back valve with a source of fiid
under pressure for actuatmg said pull back valve
against the urging of its spring to break the
normal eommunication between said return and
pull back liquid lines and to establish communi-
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catlon between said inlet and said pull back
lLiquid Iines, 2 normally closed confrol valve in
said confrol line, and means arrgnged to open
said eontrol valve at the beginning of said re-
turn stroke.

8. In a press including a cylinder having a
bore, a piston arranged in szid bore, pull bark
meang associated with said piston, & ram mov-
able by said piston and pull back means sugs
cessively through closing, pressing and return
strokes, a Hauid reservoir in communication with
said bore during said closing and return strokes,
a prefill valve operative to break communication
between said reserveir and bore during said clos<
ing stroke, a constantly operating pump for the
working liguid, a discharge line connecting the
cutlet of said pump with said bore for htro-
ducing working liquid therein during said press-
ing streke, a container charged with compressed
gas in pressure transmitting relation with the
working liguid in said discharge line wherehy
said conteiner iz recharged through pressure
derived from the working liquid supplied by said
pump, & pull back liguid line connecting said
discharge line with said bore on the side of said
piston opposite from said prefill valve, pull back
valve means operatively associnted with said
pull back liguid line and drrarged o vermit the
withdrawal of pull back liquid from said pull

back means through said pull back Hguid line

during said closing and pressing strokes and 1o
introduce pull back liquid into said pull back
means from said discharge line during sald re~
turn stroke, a spring loaded throtiling control
valve arranged in said pull back liguid lne be-
tween said pull back valve means and said pull
back means and operative to. permit the unre-
stricted flow of pull back liguid into said puil
back means and operative to throttie the flow

of pull back liguid from said pull back means, 8 4

control line operatively connecting said spring
loaded throttling control valve with a scurce of
fluid under pressure for cpening said thretﬁing
valve gagainst the urging of its spring, 2 normisll
closed coritrol valve in said control line, and
megns arranged to open said centrol valve durmg
said closing stroke.

9. In g self-contained hydraulic press unit, the
combination comprising a main cylinder having &
baore, 4 main piston arranged in sgid bore, pull
back means associated with ssid piston, 2 ram
movable by said main piston and pull back mesns
suecessively through closing, pressing and return
strokes, a ligquid reservoir in comnmumication with
said bore, a normially open prefill valve opéra-
tively arranged between said reserveir and bore,
a double acting piston and cylinder mechanism
arranged to open and close said prefill valve, the
closing of said prefill valve breaking ecommunis
cation between said reservoir and bore, a con-
stantly operating pump for the working liguid,
a disesharge line connecting the outlet of said
pump with said bore on the side of said main
pisten adjacent said prefill valve for introdusing
working liquid during the pressing stroke of said
ram, a normally closed spring loaded working
pressure valve-arranged in szid discharge lineg,
a. container charged with compressed gas in bres-
sure transmitting relation with the lguid in said
discharge line between said pump and working
pressure valve whereby said container is re-
charged through pressure derived from the work-
ing liquid supplied by said pump, a source of fluid
under pressure, a four way pilot valve having an
inlet, two ports and a return line, means con-
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necting said inlet with said source; a first line
cannecting one of said ports to said piston and
cylinder mechznism for applying said fluid
against one side of said piston to open said pre-
fill valve and alse for withdrawing fluid from
said one side of said piston to permit said prefill.
valve to close, 4 seeond line connecting the other
of sald ports to said piston and cylinder mecha-
nism for applying said fluid apainst the other
side of said piston to close said prefil valve and
alse for withdrawing fluid from said other side
af said piston to permit said prefill valve to open,
the normal condition of said four way pilot valve
being such as to establish communication be-
tween said inlet and said first line and to es-
tablish communication between said return line
and said second line; a third line connecting said
second line operatively with zaid spring loaded
working pressure valve for opening it against the
urging of its spring, means operative at the be-
ginning of said pressing stroke and arranged to
operate said four way pilot valve to establish
communication between said inlet and said sec~
ond line and between said return line and said
first line whereby said prefill valve is closed and
said spring loaded working pressire valve is
apened, a spring loaded pull back valve having an
inlet connected with said discharge line between
said pump and working pressure valve, said pull
back valve also having 4 return line and a port
connected with said pull back means and nor-
mally establishing communication betwesn said
rveturn line and said pull back valve port; a
fourth line operatively connecting said pull back
valve with said source for actuating said pull
back valve against the urging of its spring to
break the normal communication between said
return line and said pull back valve port and to
establish communication between said pull back
valve Inlet and said puil back valve port econ-.
nected with said pull back means, a normaily
closed return valve in said fourth line, means
arranged o open said return valve at the be-

- ginning of said return stroke, e spring loaded
5 throtfling control valve operatively arranmged in

the connection between said pull back valve and.
said pull back means and operative to permif .
the unrestricted flow of pull back lquid into
said pull back means and operative te throttle
the flow of pull kack lquid from said pull back
means; & fifth line operatively connecting said
spring loaded throttling control valve with said
source for opening said throtiling control valve
agalnst the urging of its spring, g normaily closed
slow down valve in said fifth line; and means ar-
ranged to cpen said slow down valve during said
closing streke,

10. In the press including & main eylinder hav-
ing & bore, g ram arranged in the said bore and
meovable through closing and pressing strokes, a
liquid reservoir in communication with said bhore,
& normally open prefill valve operatively are
ranged between said reserveir and bore, and z
piston and cylinder mechanism arranged to ap-
erate said prefill valve to close said prefill valve
and thereby hreak cormamunication between said
reservoir and bore, the combination therewith
of a hydraulic circuit comprising a constantly
operating pump, a discharge line tonnecting the
outlet of said pump with said bore for intreduc-
ing working liquid thersin during the pressing
stroke of said ram, a normally closed working
pressure valve arranged in s3id discharge line,
a container charged with compressed gas in prog-
sure transmifting relation with the working .
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liquid in said discharge line between said pump
and working pressure valve whereby said con-
tainer is recharged through pressure from the
working liquid supplied by said pump, and means
arranged to open said working pressure valve
in response to the closing of said prefill valve,
comprising a pilot valve having its inlet con-
nected to a source of fluid under pressure, a re-
turn line connected with said pilot valve, a first
control line connected to one port of said pilot
valve and operatively connected with said piston
and cylinder mechanism on the side of said
piston and cylinder mechanism adjacent said
prefill valve, a second control line connected to
another port of said pilot valve and operatively
connected with said piston and cylinder mecha-
nism on the side of said piston and cylinder
mechanism remote from said prefill valve, means
arranged to actuate said pilot valve to place
said second control line in communication with
sald return line, and a third control line con-
nected to said first control line and operatively
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connected with said working pressure valve for

- opening the same.

OTTO HOFFMANN,

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date
1,054,194 Gerdau oo oo __ Feb. 25, 1913
1,796,936 Montgomery .__.__ Mar, 17, 1931
2,185,473 Neeson .. _..__ Jan. 2, 1940
2,293,334 Emst . Aug. 8, 1942
2,299,686 Emst oo Oct. 20, 1942
2,302,922 Tucker o __ Nov. 24, 1942
2,338,486 Bixler - ____ Jan. 4, 1944
2,358,650 Maude .o Sept. 19, 1944
2,376,519 Stacy o __ May 22, 1945
2,395,974 Muller et al. ... Mar. 5, 1946
2,411,716 Emst oo _ Nov. 26, 1946
2,415,053 Waldie et al. . ___.__ Jan. 28, 1947
2,449,401 Lindsey ceceeen Sept. 14, 1948




